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RELATIONSHIP DISCOVERY ENGINE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from provisional
U.S. Patent Application Serial No. 60/201,622, for “Recom-
mendation Engine,” filed May 3, 2000, the disclosure of
whichis incorporated herein by reference.

BACKGROUNDOF THE INVENTION

1. Field of the Invention

The present inventionis related to systems, methods, and
computer program products for relationship discovery, and
moreparticularly to a system, method, and computer program
product ofdiscovering relationships among items such as
music tracks, and making recommendations based on user
preferences and discovered relationships.

2. Description ofthe Background Art
In many applications for the presentation and marketing of

online content, personalization of the user’s experience is
desirable. Knowledge and application of user preferences
permit online advertisers to more efficiently target their
advertisements to those users whoare morelikely to respond.
Electronic commercesites are able to suggest products and
services that are likely to be of interest to particular users,
based on userprofiles and preferences. Such suggestions may
be made, for example, by sending e-mail to the user, or by
presenting a list of recommended items in the context of a
dynamically generated web page. Additional applications
exist for such functionality, including both online applica-
tions (such as personalized radiostations, news delivery, and
the like) and non-online applications (such as targeting of
direct mail advertising, supermarket checkout coupons, and
the like).

One particular application in which user-specific recom-
mendations may be generated is personalized online radio
stations. It is known to provide web pages for delivering
selected musictracks to individual users, based onuser selec-

tion. Compressed,digitized audio datais delivered to users in
astreaming format(or alternatively in downloadable format),
for playback at users’ computers using conventional digital
audio playback technology such as the Windows Media
Player from Microsoft Corporation, or the RealPlayer from
Real Networks.It would be desirable for such radio stationsto

be able to determine which music tracks are likely to be
enjoyed by a particular user, even in the absence of, or as a
supplementto, explicit selection ofparticular tracks by the
user,

It is desirable, then, to provide accurate methods and sys-
tems for discovering user preferences in particular domains
and with respectto particular types of products andservices.
Several prior art techniquesexist for discovering user prefer-
ences. In one such technique, as described in U.S. Pat. No.
6,064,980, Jacobi et al., “System and Methods for Collabo-
rative Recommendations,” issued May 16, 2000, collabora-
tive filtering is employed. Users are asked to complete an
online questionnaire specifying their preferences. Such a
questionnaire may be presented to the user, for example,
whenheor she attempts to register for an online service or
purchase anonline product. The user’s responses may then be
stored as a user “profile” in a back-end database. The system
correlates the profile to the profiles ofother users in order to
identify users having similar tastes; recommendations are
then generated based on the preferences of the similarusers.
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However, many users may be reluctant to complete such
online questionnaires, due to privacy concerns, or due to an
unwillingness to take the time required to answer the ques-
tions. Furthermore, such questionnaires often fail to accu-
rately collect user preference information, since they do not
actually reflect the user’s consumptive behavior; in other
words, users may answer inaccurately because they are
unaware of(or dishonest about) their own preferences. In
addition, the accuracy of the resultsis limited by the quality of
the designed questions. Finally, the stored user profile merely
provides a descriptionofthe user’s preferencesat the particu-
lar point in time whenthe questionnaire was completed, and
mayfail to take into account subsequent changes and/or
refinements to the preferences.

A second prior art technique for discovering user prefer-
ences is to observe user behavior. In online commerce envi-

ronments, user behavior can be observed by tracking the
particular pages visited, products ordered, files downloaded
or accessed, and the like. Users may be prompted for login
identifiers, providing a mechanismforidentifying users. In
addition to or instead of login, cookies may be stored on
users’ computers, as is knowninthe art, in order to recognize
a user who has previously visited a site. Thus, user behavior
canbe tracked over multiple visits, without requiring the user
to set up a login identifier or to even be awarethat his or her
behavioris being tracked.

For example, many online commercesites keep track of
user purchases, and, based on such purchases, make recom-
mendationsas to productsand servicesthat are likely to be of
interest to a particular user. Such recommendations may be
based on analysis of the purchases of other users who have
purchased the same products and services. User browsing
may also be monitored, so that recommendations may be
based on productsthat the user has browsed,as well as those
he or she has purchased.

The above-described technique for observing user behav-
ior may lead to inaccurate results. Relatively few data points
may be available, particularly when recommendations are
based on user purchases. For example, a typical user may
make four or five purchases annually from any particular
online store, and may distribute his or her purchases among
several stores, including online, conventional retail, and/or
other outlets. The relatively small number of purchases
tracked by any particular store may be insufficient to develop
a reasonably accurate userprofile in a relatively short period
of time. Thus, recommendations in such systems are often
inaccurate since they are based oninsufficient information.

Furthermore, some purchases may be gifts, and may thus
fail to accurately reflect personal preferences of the pur-
chaser. In some cases, the purchaser may specify that an item
is a gift (by requesting gift-wrapping, or a gift message for
example), so that the item may be excluded fromuser behav-
ior analysis; however in many cases the purchaser may not
make the online merchant aware of the fact that the purchase
is a gift, and there may be no way for the merchant to make
this determination. Distortions and inaccuracies in the user

profile may thenresult. In particular, whenrelatively few data
points are available, each individual gift purchase may have a
particularly powerful distorting effect on the userprofile.

Finally, distortions may result from the fact that, once a
purchase is made, the merchant may not be able to easily
determine whetherthe purchaser wassatisfied with the prod-
uct. This is a particular problem in connection with products
that are typically only purchased once, such as books, videos,
and compact discs. A user may purchase a compact disc and
listen to it only once, finding the music not to his liking. The
user may purchase a second compact disc, by anotherartist,
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and enjoy it immensely, listening to it hundreds of times. The
user’s behavior with respect to the online merchant is the
samefor the two cases—namely,a single purchase ofa com-
pact disc. The online merchant cannot determine, from the
purchasing behavior, the musical tastes andpreferences ofthe
user, since the merchant is not aware of the post-purchase
behavior of the user.

In addition to the above problems with data gathering for
developing userprofiles, there are additional limitations and
shortcomings ofconventional recommendation engines, with
respect to the data analysis that is performed to generate
recommendations. Conventionally, recommendations are
madebased on data analysis performed on the observed user
behavior. Several types ofdata analysis are knownin theart
for developing recommendations based on observed behav-
ior. One commonly used technique is to observe that people
who buya particular product X also tend to be morelikely to
buy a particular product Y. Thus, the system may suggest, to
a user whois observed purchasing (or browsing) product X, 2
that he or she may also be interested in product Y. The basis
for the suggestion is an observed correlation between pur-
chasers of product X and purchasers ofproduct Y.

Such a data analysis technique often leads to inaccurate
results, particularly when the observed purchase is a rela-
tively rare product. Relationships among suchproducts often
tend to be overstated, since relatively few data points are
available for both the purchased product and the suggested
product. Thus, the significance ofa particular co-occurrence
(i.e. an observed purchase of two products by the same indi-
vidual) is given undue weight, when in actuality the co-
occurrence may merely be a coincidence and may not provide
an accurate indication ofa relationship between the two prod-
ucts. In addition, certain products, suchas “best sellers,” tend
to appeal to virtually all consumers, so that co-occurrenceis
seen between a best seller and nearly every other product.
Conventional data analysis techniques often fail to yield
meaningful results, because of both the overstated signifi-
cance of coincidental co-occurrence, and the overpowering
influence of bestsellers.

The followingis anillustration ofthe deficiencies of con-
ventional data analysis techniques in situations involving a
rare product and/orbestsellers. Analysis of the co-occurrence
ofevents A and B(e.g. a purchase ofproduct A and a purchase
of product B) involves construction ofthe following matrix:

A aA

2 He)

ki A) ki~A) k(*)

where:

k(AB) is a count of the number of times A and B both
occurred;

k(~AB)is a count ofthe numberoftimes A did not occur
and B occurred;

k(A~B)is a count of the numberoftimes A occurred and B
did not occur:

k(~A~B)is a count ofthe numberoftimes neitherA nor B
occurred;

k(A) is a countof the total numberof times A occurred;
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k(~A) is a count of the total number of times A did not
occur;

k(B)is a count of the total number of times B occurred;
k(~B)is a count of the total number of times B did not

occur; and

k(*) is a count ofthe total numberofevents.
Ifp(BIlA)=p(B), where p(B! A)is the probability ofB given

that A has occurred, and p(B) is the probability of B, then
events A and B are considered to be independent. It also
followsthat ifp(A)p(B)=p(AB), where p(A) is the probability
ofA, p(B) is the probability ofB, and p(AB)is the probability
ofboth A and B occurring, then A and Bare independent.

It is assumed that probabilities can be estimated from
observed event occurrences using the maximum likelihood
principle, so that

K(AB) = p(B| A); and
Ray PP | Advan

A(B)

Ke =P

and

As discussed above, A and B are independent ifp(B| A)=p
(B). Accordingly, if

plB| A) 55
piB)

 

A and B are appearing together more than expected for inde-
pendent events. Substitution of the above equationsyields the
followingtest:

If

K(AB)k(»)
K(AM(B)

a co-occurrence relationship can be established.
The above-described techniqueis deficient, in that quanti-

zation effects tend to overpower meaningful results. Particu-
larly where event counts are small, coincidences oftentrans-
late into perfect correlations, yielding misleading results.

Pearson’s Chi-Squared test improves on the above-de-
scribed technique by introducing anestimate of significance.
According to this technique, independence is assumed and a
determination of how many k(AB) and k(A~B) would be
expected. Expected k(AB) can be expressed as:

K(A)K(B)
ls)

 
K(AB) =

Ifk(AB)and all similar estimates are greater thanfive, the
distribution ofthe count of multinomially distributed events
can be approximated using a normaldistribution. Assuming a
normal distribution, the difference between the observed
k(AB)andthe expected value canbe determined and squared.
The sumofthe squared normaldistribution is knowntobe ¥°.
Accordingly, the significance of the difference is then deter-
mined, and unexpected co-occurrence defined.

However, Pearson’s Chi-Squared test yields misleading
results when one of the eventsis relatively rare (such as when
the expected count is less than 5). In such situations, the
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assumption of normal distribution tends to lead to an over-
statementofthe significance of the co-occurrence.

A secondprior art data analysis technique for developing
product recommendations employs archetypal customers in
order to categorize users according to observed behavior.
Such techniques are employed, for example, in LikeMinds
3.1 from Macromedia Corporation. A set of customers is
selected and denoted the archetype set. Prospective purchas-
ers and users are compared with the archetypeset in order to
determine which archetypes they most resemble. However,
such systems may also lead to inaccurate results, since the set
ofarchetypes is often insufficient to accurately describe indi-
vidual real-world users. In many situations, archetypes are
non-orthogonal to one another, and the archetype set thus
provides a poorbasis space for modeling users. The system
maythus fail to provide a concise descriptionofa user(iftoo
many archetypes are needed to provide an accurate descrip-
tion), or the description may not be accurate (if too few
archetypes are used).

In some variations, users may be presented witha list of
archetypes and asked to select which archetype(s) they most 2
resemble. Such an approachleads to similar disadvantages as
described above with respect to questionnaires, and also may
lead to inaccuracies as users have difficulty selecting a subset
of archetypes that accurately reflects their own preferences.
In such an approach, it rapidly becomes apparent that, no
matter how many archetypes are available, the user cannot
easily be defined as a sumoffixed archetypes.

The archetype approachalso tends to yield recommenda-
tions that are dominated bya particular subgroup. Very popu-
lar itemsfilter to the top of thelist, since most archetypes are
readers ofbestsellers (as is most everyone; hence the defini-
tion of “bestseller”). This massive overlap of best sellers
exacerbates the problem of non-orthogonality of the arche-
type set. If bestsellers are removed from the set of items,
results may be inaccurate because coincidental co-occur-
rences then dominate, as described above. This problem may
be even more prevalent when this approach is employed,
since the non-orthogonality of the archetype set tends to
increase the noise sensitivity ofthe system, so that coinciden-
tal matches (as described above) become even more signifi-
cant, leading to increased levels of distortion and unsatisfac-
tory results.

Caid et al., U.S. Pat. No. 5,619,709, for “System and
method of context vector generation and retrieval” describes
an approachthat attempts to deal with this problem of non-
orthogonality by explicitly constructing an orthogonalbasis
space with relatively low dimensionality. However, such
reduced-dimensionality systems suffer from the limitation
that distinctions between wordstend to be lost when reducing
the dimensionality ofthe system. The loss ofsuchdistinctions
can improve recall in an information retrieval system, but
leads to a decrease in precision. Precision, expressed as the
fraction of high scoring results that are correct, is the most
useful figure of merit for a recommendation system.

What is needed is a system and method of generating and
providing recommendations to users that avoids the above-
described limitations and disadvantages. What is further
needed is a system and methodofdiscovering relationships
among items, that is not obtrusive to users and that leads to
accurate recommendations based onuser preferences. What
is further needed is a recommendation engine that provides
improved accuracy by reacting to user preferences that may
change with time, and by collecting a larger numberofdata
points so that more accurate profiles may be developed.

SUMMARYOF THE INVENTION

‘The present invention provides a recommendation engine
and application capable of discovering relationships among
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items and recommending items without requiring undue
effort on the part of the user. The recommendations provided
by the present invention are based on user profiles that take
into account actual preferences of users, without requiring
users to complete questionnaires. Problems of non-orthogo-
nality, sparsity ofdata points, over-statement ofcoincidence,
dominance ofbestsellers, and flaws in the data source, as
described above, are avoided. Thus, the present invention
facilitates generation ofrecommendations thatarelikely to be
ofinterest to the user, and leads to improved marketing and ad
targeting, along with greater credibility and utility of the
recommendation system.

The present invention provides improved data analysis by
avoiding inaccurate assumptions regarding distribution of
userpreferences. In particular, the present invention employs
a binomial log likelihood ratio to provide improved analysis
ofdata points describing user preferences, and to avoid inac-
curate assumptions inherent in a normaldistribution analysis.
The inventionthus provides improved recommendation gen-
eration, while avoiding the problems of overstatement of
coincidences and dominanceofbestsellers, described above.

Furthermore, in one embodiment, the present invention
operates in the domain ofmusic, making recommendationsas
to music tracks (such as songs), based on analysis of music
tracks previously selected by the user for listening. The inven-
tion mayoperate, therefore, in connection with a personalized
radiostationfor playing songsoverthe Internet, based on user
selection of tracks and based on recommendations derived

from previously selected tracks. Conventional techniques for
programming radio stations may be applied and combined
with the techniques of the present invention. Thus, a plurality
of programming “slots” may be specified in a given time
period, tobe filled alternately by explicit user selections (or
requests), and by recommendations generated by the present
invention based on the user’s preferences. As the user makes
additional selections of music tracks, the system is able to
accumulate more informationas to the user’s preferences, so
that more accurate recommendations may be made.

Since, in the context ofa personalized radio station, a user
specifies music tracks that heor she is interested in hearing, a
finer granularity of user preferences can be recorded. By
contrastto online commerce environments such as purchases
of books, compactdiscs, and the like, in whicha typical user
may makefour orfive purchases annually, the present inven-
tion offers the opportunity to observe the user making selec-
tions several times per hour, The present invention thus facili-
tates more rapid data collection regarding user preferences,
and thus provides more accurate profile generation.

In addition, repeated requests for a particular track may be
noted, with the number of requests tending to indicate the
level ofsatisfaction or enjoyment withregard to the requested
music track. If a user aborts a track soonafter it has begun,
that may be an indicationthat the user does not like the track.
Conventional user profile generation techniques, based on
user purchases, do not include such a mechanism for deter-
mining the degree ofsatisfaction of a user by observing the
user’s behavior, since a user does not tend to make repeated
purchases ofa particular item even if he or she enjoys the
item. Thus, by contrast to conventional monitoring ofonline
purchases, the present inventionfacilitates development of a
user profile that indicates the degree to which various items
are preferred. Negative, as well as positive, data points may be
extracted, based on users aborting or repeating track play-
back, respectively. Finally, users’ preferences are more accu-
rately recorded, since the purchase ofgifts for others ceasesto
bea factorin the context ofanonline radiostation(a user does
not listen to music “on behalf of’ another person).
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Based on recorded user preferences and data analysis as
providedby the present invention, relationships among works
are discovered, and recommendations may be generated.

Additional applications of discovered relationships may
also be provided. In one application, results of text-based
searches (such as for albums by a particular artist, for
example) may be enhanced by the discovered relationships of
the present invention. Thus, in an online commerce environ-
ment, a user may search for artist A and be presented with
works by artist B as well, based on a relationship between
artists A and B thatis discovered by analysis ofuser listening
behavior. Such an applicationillustrates the utility of the
present invention in discovering relationships based on user
listening, and applying the relationships to generate recom-
mendations in online commerce.

In another application, the present invention may be
employed in connection with conventional radio station pro-
gramming techniques, to implement an improved personal-
ized radiostation. As is knowninthe art, conventional radio

stations typically divide a programming block (such as a 2
one-hour period) into a number ofsegments. Each segmentis
assigned a programming category, such as “powerhit,” “new
release,” “recurrent hit.” and the like. For a particular pro-
gramming block, music tracks are assigned to each of the
segments based onthe particular programming format ofthe
radio station. Music scheduling software, such as Selector®
by RCS Sound Software, applies heuristic rules for repetition
limits and classes of songs, to automatically generate track
lists for use by radio stations. The present invention may be
combined with suchexisting radio station programming tech-
niques, to populate the defined segments with music tracks
that are likely to appeal to a particular listener. Additional
rules may be applied in generating track lists, so as to limit
undesired repetition and to comply withlimiting legislation
(such as the Digital Millennium Copyright Act) and other
restrictions.

In another application, the discovered relationshipsof the
present invention may be employed to improvetargeting of
advertising. Once relationships between music tracks and/or
artists have been developed, users may be presented with ads
that are mostlikely to be ofinterest to them. This provides
another example ofapplication ofrelationships discovered in
one domainto content delivery in another domain, according
to the present invention.

scan be seen from the above examples, the present inven-
tion may be applied to many different domains, and is not
limited to application to the domain of personalized online
radio stations. In addition, relationship discovery according
to the techniques of the present invention is not limited to
observationofmusiclistening habits. Many ofthe techniques
ofthe present invention may be applied to observation ofuser
behavior in other domains, such as online or conventional

purchases, viewing of web pages, viewingoftelevision pro-
grams, movie ticket purchases, pay-per-view orders, and
many others. In addition, the present invention may be
applied to document-based systems, in order to detect rela-
tionships among documents based on co-occurrences of
words and phrases therein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a block diagramofa functional architecture for
one embodimentofthe present invention.

FIG. 1B is a block diagram of sequence construction flow
according to one embodimentofthe present invention.

FIG. 1Cis a block diagram of a sample history structure
according to one embodimentofthe present invention.
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FIG, 2 is a data flow block diagram for one embodiment of
the present invention.

FIG. 3 is a block diagram showing an implementation of
log and play history analysis according to one embodiment of
the present invention.

FIG. 4 is a block diagram showing a techniquefor identi-
fying related music tracks according to one embodiment of
the present invention.

FIG. 5 is a block diagram showing a technique for identi-
fying a mapping between music tracks and artists according
to one embodiment of the present invention.

FIG.6 is a block diagram showing a techniquefor identi-
fying a mapping between users and artists according to one
embodimentofthe present invention.

FIG. 7 is a block diagram showing a technique for identi-
fying a mapping betweenusers and music tracks according to
one embodimentofthe presentinvention.

FIG. 8Ais a block diagram showing a technique for gen-
erating recommendations according to one embodiment of
the present invention.

FIG. 8B is a block diagram showing a technique for gen-
erating notifications according to one embodiment ofthe
present invention.

FIG. 9 is a block diagram ofa data model according to one
embodimentofthe present invention.

FIG, 10A is a block diagram showing data flow for a
browse function according to one embodimentofthe present
invention.

FIG. 10B is a block diagram showing data flow for a
recommendation function according to one embodiment of
the present invention.

FIG. 11 is an example of a screen shot depicting sample
artist-level relationships.

FIG. 12 depicts main components for a sample user inter-
face of a jukebox that implements the present invention.

FIG, 13 is a flow diagram of a method ofinitializing and
maintaining a content index.

FIG. 14 is a flow diagram of a method of operation for a
relationship discovery engine according to the present inven-
tion.

FIG. 15 is a flow diagramof a method of extracting sig-
nificant information according to the present invention.

FIG, 16 is a block diagram of a conceptual architecture for
one embodimentofthe presentinvention.

FIGS. 174A, 17B, and 17Cdepict additional main compo-
nents for a sample userinterface ofa jukebox that implements
the present invention.

FIG. 18 depicts a series of menus for a sample user inter-
face of a jukebox that implements the present invention.

FIGS. 19A and 19B depict interface elements for File
menu items of a sample user interface of a jukebox that
implements the present invention.

FIGS. 20A, 20B, and 20C depict interface elements for
Edit menu items of a sample user interface of a jukebox that
implements the present invention.

FIGS. 214A through 21F depict interface elements forView
menu items of a sample user interface of a jukebox that
implements the present invention.

FIGS. 22B, and 22Cdepict interface elements for Option
menu items of a sample user interface of a jukebox that
implements the present invention.

FIGS. 234 through 23G depict interface elements for
Option menu items of a sample user interlace of a jukebox
that implements the present invention.

FIGS. 24A through 24C depict interface elements for
Music Library menuitems of a sample user interface of a
jukebox that implements the present invention.
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FIGS. 25A and 25B depict interface elements for Recorder
menu items of a sample user interlace of a jukebox that
implements the present invention.

FIGS. 26A, 26B, 26C, and 26D depict interface elements
for Radio menuitems of a sample userinterface of a jukebox
that implements the present invention.

FIGS. 27A and 27B depict examples of scalable coding
according to one embodimentofthe present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following description ofpreferred embodiments of the
present invention is presented in the context of an online
recommendation engine for music tracks, such as may be
implemented in an Internet-based jukebox or personalized
radio station. One skilled in the art will recognize that the
present invention may be implemented in many other
domains and environments, both within the context of musi-

cal recommendations, and in other contexts. Accordingly, the 2
following description, while intended to beillustrative of a
particular implementation, is not intended to limit the scope
of the present inventionorits applicability to other domains
and environments. Rather, the scope of the present invention
is limited and defined solely by the claims.
Architecture

Referring now to FIG. 16, there is shown a conceptual
architecture of one embodimentof the present invention. In
the architecture of FIG. 16, the invention is implemented in
connection with a web-based “jukebox” 103, or personalized
radio station, which accepts a user’s selections of music
tracks and makes additional recommendations as to music

tracks the useris likely to enjoy. The user is able to search for
particular tracks and/orartists, and to controlthe playback of
selected tracks. The system monitors the user’s behavior with
regard to searching, listening, and playback control, and gen-
erates and analyzes logs of such behaviorin orderto refine
recommendations. Advertising, offers, and other information
may be selected and presented to the user based on observa-
tions of user behavior and analysis as to which material may
be of interest to the user.

Stream delivery system 150 interacts with jukebox 103 to
specify a sequence of audiofiles to deliver to jukebox 103.
Jukebox 103 transmits requests to stream delivery system
150, and streamdelivery system 150 delivers the audiofiles,
as tracks, to jukebox 103. Streamdelivery system 150 also
communicates with real-time subscription authorization
module 157, which includes real-time server 154 and data-
base 156 that keep track ofwhich useraccountsare active and
enforces global business rules about which accounts can lis-
ten to the radioat a given time. Withinstreamdelivery system
150, there are a numberofdistinct software entities. Radio
sequence generator 1613 receives requests from jukebox 103,
receives format definitions 1611 and general constraints
1616, and receives recommendations from recommendation 5;

engine 107, to generate track selections to be transmitted to
jukebox 103. The track selections generated by radio
sequence generator 1613 specify whichfiles to play accord-
ing to estimated listener preferences as well as predetermined
station formats. Authorization and content server 1614 keeps
a record ofthefiles that are selected by radio sequence gen-
erator 1613; server 1614 is consulted by radio sequence gen-
erator 1613 whenfiles are requested. If generator 1613 does
not provide the necessary security information, server 1614
flags this anomaly and declines to provide the data.

Compressed signal files 1615 contain descriptions of
music tracks, and in one embodimentcontains digitized rep-
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resentations of the music tracks themselves. Compressed sig-
nal files 1615 are stored, for example, using conventional
database storage meansor in a conventionalfile system, and
in one embodiment include several fields providing descrip-
tive information regarding music tracks, such astitle, album,
artist, type of music, track length, year, record label, and the
like.

Streamdelivery system 150, real-time subscription autho-
rization module 157, format definitions 1611, and general
constraints 1616 are collectively designated as the radio
sequence transmitter 121 of the present invention.

Referring now to FIG. 1A, there is shown a block diagram
ofa functional architecture for one embodimentofthe present
invention. Content index 110 provides a concise index of
content stored in database 102, and is generated by conven-
tional index generation means, to enable more efficient
searching and updating of database 102.

In one embodiment, relationship discovery engine 1604
uses a transient (non-persistent) TCL associative array, or
hash table, (not shown) as is knownin the art. The array
includes a numberoflogical tables segmented by short pre-
fixes on the keys. Track names are stored, for example, as
lowercase strings, trackIDs as 32-bit integers. One example
ofa format for the array is as follows:

Key Prefix Mapping

W-track W- trackID for this string track
U-trackID U- track namefor this trackID
C-trackID c Numberofoccurrences of this trackIDinthe

corpus
IDF-trackID IDF- Inverse Document Frequency (IDF) weighting

forthis trackID

TOTAL total number of tracks seen including duplicates
TRACKS total number of unique tracks

Index and search module 104 facilitates functionality for
accepting user queries and searching database 102 for par-
ticular music tracks. In one embodiment, the user enters que-
ries by accessing web site 106, whichprovidesaninteractive
user interface for accessing the functions ofthe present inven-
tion. Web site 106 provides the main point of contact with
users. A user interacts with website 106 over a network,using
a conventional web browser 105 (such as Microsoft Internet
Explorer), running on a client computer. Module 104
accesses database 102 and index 110 in response to user
queries. In addition, module 104 receives recommendations
from recommendation engine 107, via web site 106. In one
embodiment, module 104 also receives information from

learned artist relationships 1605. Results are returned to the
user via web site 106. In one embodiment, index and search
module 104 also dynamically updates content index 110 in
order to provide improved efficiency for future searches.
Such indexing techniques are well knownintheart.

Index and search module 104 may provide fuzzy search
capability to improve robustness and increase user satisfac-
tion. Such capability detects imperfect matches between
entered query terms and indexed content, so as to accountfor
spelling errors or slightly incorrecttitles or artist namesin the
entered query terms. Search capability includes, for example,
searches for albumsby artist, tracks by artist, text searches of
lyrics, and the like. As described below, search results may be
augmented by including secondary results that are similar to
or related to the primary results, according to the relationship
discovery techniques of the present invention. Thus, when a
user searches for tracks by a particular artist, the invention
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may also present tracks by other artists that are musically
related to the searchedforartist. In one embodiment, module

104 presents a series of“browse pages”, viewable via website
106, for browsing throughlists of related music tracks and
artists. The user may follow links for particular tracks and
artists, to either play the tracks, or continue browsing for
additionalrelated tracks. These related items are provided by
recommendation engine 107.

In one embodiment, relationship discovery engine 1604
performs the following operations in developing and main-
taining learnedartist relationships 1605:

Add play logs
Calculate fixed parameters after indexing
Prune the index of tracks occurring in fewer thana thresh-

old numberofplay logs
Read the index fromafile
Write the index to a file

Find the number of occurrences of a track in the corpus
Find the total numberof tracks seen in the corpus
Find the numberof unique tracks seen in the corpus
Find the set ofplay logs a track occurs in
Find the numberofoccurrences ofa track in a play log
Find the tracks that occur in a play log
In one embodiment, the above operations are performed by

creating and using a TCL, associative array as described above
in connection with the memory structures in relationship
discovery engine 1604.

In addition, web site 106 offers the capability for suggest-
ing tracks and artists that may interest the user, based on
personal criteria 111, profiles 112, of track-level discovered
relationships based on observeduserlistening behaviordeter-
mined by log analysis 113 of play logs 114, as described in
more detail below.

Personalcriteria 111 is a database that stores demographic,
contact, and other descriptive information concerning indi-
vidual users. Personal criteria 111 may also include expressed
preferences ofparticularartists, genres, and the like, which
may be collected from the user by online surveys. The musi-
cal suggestions provided by website 106 may be basedin part
on analysis of personal criteria 111, based on observations
that certain types of music tend to appealto users associated
with certain profiles or demographic categories.

Play log 114 is a database that monitors and stores infor-
mation describing userbehavior. Specifically, the user’s inter-
action with jukebox 103, including track selection, repeats,
aborts and skips, and thelike, are recorded and stored in play
log 114. Log analysis module 113 analyzes play log 114 in
orderto generate a profile of the user, whichis stored in profile
database 112. Profile database 112 contains user-level pro-
files that encode personal listening behavior of particular $
users. Log analysis module 113 periodically updates profile
database 112 as newinformation becomes available, so as to

refine the user profile over time.
In one embodiment, play log database 114 containstables

for storing forward and inverted indexes for play logs (play 5
logs to tracks and tracks to play logs).

Tables in play log database 114 are implemented, for
example, as TCL associative arrays (hash tables) as are
knownin the art. Play log database 114 includes a numberof
logical tables segmented by short prefixes on the keys. In one
embodiment, index tables in database 114 and in other data-

bases and tables of the present invention use lists of track,
album,or artist identifiers associated with a play log.

Recommendation engine 107 provides suggestions for
tracks andartists that are likely to appeal to a particularuser.
Suggestions provided by engine 107 are presented via web
site 106 in the form of web pages, or via jukebox 103, or by
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some other output means. Recommendation engine 107 takes
as input the user profile from profile database 112, as well as
personal criteria database 111 containing demographic and
other informationdescribing the user. Thus, engine 107 uses
a combinationofexplicit preferences and observed behavior
to provide personalized music recommendations at any
desired level, including for example tracks, artists, albums,
genres, and the like. Details of the operation of recommen-
dation engine 107 are provided below.

In one embodiment, the invention provides some music
tracks for free, while others are only available uponreceipt of
payment. Payment may be collected via credit card or other
means, as is knownin the art. Suggestions provided by rec-
ommendation engine 107 and displayed via website 106 may
include both free and “for sale” musictracks.In addition,the

user is able to preview tracks before deciding whether to
purchase them. In one embodiment, suggestions made by
recommendation engine 107 are augmented by additional
information suchas specialoffers or paid advertisements 109.
Inventory 108 is a database ofactive advertisements,offers,
promotions, and events that may be relevant to users that fit
particular demographic profiles and/or expressed prefer-ences.

Selected tracks are played via jukebox 103, whichis imple-
mented in one embodimentas a standalone application, or as
a plug-in or bundled feature in browser 105. Jukebox 103
receives digitized representations of music tracks and plays
the tracks over a speaker or headphones at the user’s com-
puter. In one embodiment, jukebox 103 can download and
save music tracks in a compressed format, such as MP3, for
playback on the user’s computer orona portable digital music
listening device. A sample userinterface for a jukebox appli-
cation is described below in connection with FIG. 12.

Outbound notifier module 116 generates e-mail 119 or
other communicationthat is sent to users in order to announce

availability of new tracks or other items, events, or promo-
tions that may be ofinterest. For example, if a user has
expressed interest in a particular artist, and that artist releases
anewalbum oris touring the user’s area, an e-mail 119 may
be sent to the user. Notification criteria 115 are defined and

provided to notifier module 116, in order to specify under
what conditions such e-mail 119 should be generated and
sent. User profile 112, based on log analysis, as well as
personalcriteria 111, and data from content index 110, may
be used as input to notifier module 116 in determining he
content ofe-mails 119. In addition, third-party data 120 (such
as touring information forartists), may be processedbya list
generator 117 and filtered by targeting criteria 118 to be
provided as further output to notifier module 116. In this
manner, generated e-mails 119 are likely to be of value and
interest to particular users. For example, tour informationfor
anartist, as provided by a third party, may be sent to users
whose preferences (whether observed orstated) indicate that
the user would beinterested in hearing about thatartist.

In one embodiment, profile database 112 is augmented and
enhanced by data from user feedback. Whenuserslisten to
music tracks, they may be offered the opportunity to provide
feedback as to whether they enjoyed thetracks, and as to their
opinions on other tracks and artists. Such feedback is pro-
cessed andstored in profile database 112 and may be used as
a basis for future recommendations provided by recommen-
dation engine 107. In addition, such feedback may be used to
generate and/orrefine discovered relationships amongartists
and tracks.

One advantage of the present inventionis that it provides
recommendationsthat are responsive to particular tastes and
preferences of individuals, so as to enable implementation of
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a personalized radio station that presents music tracks likely
to be enjoyed by the individual user. As described below, the
invention discovers relationships amongartists and tracks in
orderto find musical selectionsthat the useris likely to enjoy,
based on observed behavior andprofile information describ-
ing the user. These relationships can further be employed to
serve as a basis for delivery of advertising, improved
searches, customized promotions and offers, and the like.

The present invention develops detailed behavior profiles
based on observed userlistening behavior. User track selec-
tions, made via jukebox 103, are monitored, along with user
operations such as repeating. skipping, or scanning through
tracks. Behavioral data is provided as input to a relationship
discovery engine that operates as described herein. Relation-
ship discovery takes place based onstatistical analysis of
track-to-track co-occurrences in observed user behavior. Rec-

ommendation engine 107 uses discovered relationships to
generate suggestions ofadditional artists and tracks. User
profiles, as stored in profile database 112, contain descrip-
tions of analyzed play logs, as well as additional track sug- 2
gestions related to the tracks the user has demonstrated he or
she likes, Profiles can be modified, enhanced,orfiltered, to
include second- or third-level related artists or track, or to
include only tracks the user does not already own. A random-
ization component may also be included in the development
of profiles.

The architecture shownin FIGS. 1A and 16 may be used,
for example, for implementing a personalized radio station
that takes into account learned relationships among artists
and/ortracks. Using the architecture of FIGS. 1A and 16, the
systemofthe present invention learns relevant relationships,
and populates a learned relationships database 1605 with the
results. In one embodiment, the system acquires information
from a deployed population ofjukeboxes 103.

Referring again to FIGS. LA and 16, learnedartist relation-
ships 1605, along with user profiles describing characteristics
ofusers, are provided to recommendation engine 107, which
operates as discussed above and transmits recommendations
to radio sequence generator 1613, which is a component of
radio sequence transmitter 121. Format definitions 1611,
which includes descriptions of radio station formats (e.g.
alternative rock, country/western, etc.), and other general
constraints 1616 such as, for example, track schedules (e.g.
play a top-40hit at the top ofeachhour), are also provided to
radio sequence generator 1613.

Recommendation engine 107 generates track preferences
based on user information. Radio sequence generator 1613
uses track preferences, along with general constraints 1616
and format definitions 1611, to generate a sequence of tracks
to be played. General constraints 1616 include particular s
rules and restrictions on the sequence oftracks, as may be
required by law or as may be determinedto be desirable for
marketing or aesthetic purposes or for other reasons.
‘xamples of constraints 1616 include: “no more than one
song per hour froma particular album,”or “do not play a fast 5
song immediately after a slow song.” Radio sequence genera-
tor 1613 may also incorporate a randomization element, if
desired, and may be configurable by a website operator.

Thetrack list 1s sent to jukebox 103 to be played to the user.
A user activates jukebox 103 and selects music tracks for
playback and/or purchase, via a userinterface including con-
trols and selectors. Authorization and content server 1614

checks that the appropriate security measuresare in place (in
order to prevent the user from “hacking” jukebox 103 to
request unauthorized tracks from content server 1614),
obtains the actual music tracks fromfiles 1615, and provides
themto jukebox 103 for output.
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In one embodiment, the connections among the various
elements of FIGS. 1A and 16 are implemented overthe Inter-
net, using knownprotocols such as HTTP and TCP/IP. Secure
sockets layer (SSL) or other encryption techniques may be
employed for added security.

In one embodiment, play logs representing the user’s
behavior are accumulated and stored in local storage at the
user’s computer, At periodic intervals, such as every one
hundred songs, jukebox 103 transmits the locally stored play
logs to centrally stored play log database 114. The transmis-
sion ofplay logs is accomplished using any known network
transmission protocol, such as FTP, HTTP, and the like. As
described previously, play log database 114 includes play log
data fromall active jukeboxes 103 in operation, including
those inuse byall active users.In an alternative embodiment,
play log database 114 may contain a subset of such informa-
tion, based on geographic delimiters, storage limitations, or
other factors.

Relationship discovery engine 1604 mines database 114 to
generate learned relationships, which are stored in database
1605. Discovery of relationships takes place according to
techniques described in more detail below.
Sequence Construction

Audiofiles are selected by fusing estimated user prefer-
ences, radio station format requirements and general
sequence constraints. Referring now to FIG. 1B, there is
shown a block diagram ofsequence construction flow accord-
ing to one embodimentofthe present invention.

In this process, a human-designed “program clock”is used
to specify a station format 161. Format 161 defines time slots
thatare filled sequentially. Each time slot has a class ofsongs
that can be played in that time slot and each class has an
associated set ofaudiofiles. The program clock specifies
penalties for playing a song froma different class than the one
specified. Station format 161 keeps track of the current time
slot and outputs a list ofall songs that can be played with
associated (possibly zero) penalties.

Listening preferences 162 for the listener of the current
station are estimated either by analyzing the music that the
listener’s jukebox has reportedthatthe listenerhaslistened to
or by asking the user to enter the names of a few favorite
artists. In any case, these preferences are reducedtoalist of
bonus scores for each possible song that can be played.

In order to decrease the predictability of the sequence of
music played ona station, small random penalty scores 163
are associated with each song that canbe played. This random
penalty is small enough so that it does not outweigh the
preference scores, butit is large enough to rearrange the order
ofthe preferred songs.

Candidate songs are scoredto find violations of sequence
constraints by rule engine 164 that has accesstoa list of all
potentially playable songs as audio files 165 and a listener
history 167 containing the songs that the currentlistener has
heard on this station. The history structure is designed to
allow songs to be scored very quickly and is customized for
the sequence rules being used. History structure 167 and
penalties are discussed in more detail below.

Score fusion 166 adds up all of the scores (bonuses as
positive numbers, penalties as negative) for all possible
songs. This is done using a standard heap data structure to
simplify finding the song with the highest resulting score.
Next song selection 168 identifies the “best” song to play
next. The selected song is theninserted into the listener his-
tory structure 167 sothat it affects future song selections.

In one embodiment, the rules supported by the sequence
constraint rule engine 164 are all of the form: “Addapenalty
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ofx wheneverattribute y occurs more thann times in the most
recent (m plays) or (t mninutes).”

In one embodiment, attributes include the artist, album

name and track name for songs that have been played by the
radio for a particular listener, Other candidate attributes
include mood and tempo. This formofrule is sufficient to
encode most of the desirable constraints for radio program-
ming including both programmatic constraints as well as
legal constraints, such as those arising from the requirements
ofstatutory licenses under the Digital Millennium Copyright
Act. One additional formofrule that is knownto be usefulis

based on the combination of some attribute such as tempo
fromthe last and current track. This additional rule form can

be used to prevent huge variations in tempo or mood. One
skilled in the art will recognize that many other rules and rule
types could be employed.

In one embodiment, the data structure used to implement
listener history 167 uses a number of cascaded queues with
associated hash tables to maintain the necessary counts for 2
attributes ofall past events. There is one hashtable of counts
associated with each rule. This hash table counts the number

oftimes each unique value ofthe attribute associated with that
rule has beenseenin the time period associated withthe rule.
The counts in the hash table are incremented when a song is
entered into history structure 167 and decremented when a
song is removed from the associated queue. More than one
hash table may be associated with each queue.

Referring now to FIG. 1C, there is showna samplehistory
structure in connection with the sequence construction flow
of FIG, 1B. Twokinds ofqueues are maintainedto retain the
distinction between rules that are time based (last t hours) or
ordinal (last m plays). The sample history structure includes
hourly histories 171, 172, and 173; cumulative hourly counts
174, 175, 176, and 179, and ordinal queues 177, 178, 180, and
181.

There are two major operations on a history structure.
These include the addition of a new event andtesting a new
event to determine if it would invoke any penalties. The
additionofa new eventinvolves the insertion of the eventinto

the first of the time-based and ordinal queues and the incre-
menting ofall tables according to the attributes values in the
new event. Each queue must also be inspected to see if any
events need to be moved to the next queue either due to the
time or size limits on the starting queue. When an eventis
moved from one queue to another, all of the hash tables
associated with the source queue are decremented. In one
embodiment, any entries decremented to zero are deleted to
save space.

When a new event is tested, each hash table is probed to
determine if any ofthe attributes of the putative new event
would cause violation ofa limit. For each limit found to be

exceeded, the corresponding penalty is assessed. No structure
modifications are needed for testing a new event and the
process can be completed very quickly. Measurements on a
typical central processing unit (CPU) appropriate for this
purposeindicate that only a few microsecondsare required to
test each new event.

The following table contains a typical set of sequence
rules. This table contains eight rules, which would result in
eight hash tables inthe resulting history structure. Similarly,
there are four distinct time limits (0.5, 2, 3 and 10 hours) and
twodistinct play sequencelimits (3 and 4 plays). This means
that there will be six queues inthe history structure cascaded
into two chains of length four and two.
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Max

Attribute Count Period Unit Penalty
artist 4 3 hours 2000
album 3 3 hours 2000
album 2 3 plays 2000
artist 3 4 plays 2000
track I 2 hours FOO
track I 4 hours 100
track 1 10 hours 50
artist 1 30 minutes 90 

Data Flow and Operation
Referring now to FIG. 2, there is shown a data flow block

diagram for one embodimentofthe present invention. Behav-
ior ofusers 201 is monitored, including track selections, track
repeating and skipping, and the like. Log server 202 collects
user behavior information and stores the information in log
database 114, as described above. Log analysis module 113
analyzes the stored behavior information to develop personal
profiles, which are stored in profile database 112. Stored
personal profiles represent abstracted musical preferences as
developed throughthe relationship discovery techniques of
the present invention.

In one embodiment, a database 205 of Uniform Resource

Locators (URLs), or links, to music-related websites 203 is
maintained. A music spider module 204 determines which of
such links would be ofinterest to particular users, based on
stored profiles in database 112, as well as on discovered
relationshipsto artists and tracksthatthe user has indicated he
or she likes. If desired, such links may be presented to indi-
vidual users, either on website 106 or via e-mails 119 that
may be periodically generated and transmitted. Such web-
sites 203 may include, for example, e-commercesites for the
sale of compact discs or concert tickets, artist information
sites, fan sites, and the like,

In one embodiment, additional databases are provided for
storage of event information 207 and offers 209.Administra-
tors 206 and 208 maintain these databases. Based on stored

profiles in database 112, as well as on discovered relation-
shipsto artists and tracksthat the userlikes, selected items are
extracted from databases 207 and 209, and sent to users. Thus,
users can be kept informed as to upcoming concerts, events,
offers, and the like, for artists that match their personal pro-
files.

Entity indexing module 210 processesprofile information
from database 112 and provides processed information to
matching index 211. Matching index 211, which may be
implemented in recommendation engine 207, develops rela-
tionships and matches amongtracks and artists. Queries 213
(which may include any request for information, either from
a user or from another module of the system) are provided as
input, and results 212 are output, including related tracks and
artists.

Referring now to FIG. 3, there is shown a block diagram
depicting an implementation of log and play history analysis
according to one embodimentof the present invention. User
actions 301, including behavioras described above, are moni-
tored and provided to play log database 114. Four analysis
modules 302-305 are provided, for performing various types
ofanalysis on stored information from database 114. Each of
modules 302-305 develops a different type of mapping,
including user-to-track mapping 302, user-to-artist mapping
303, track-to-artist mapping 304, and track-to-track mapping
305. Thus, user-to-track mapping module 302 discovers rela-
tionships betweenparticular users and the music tracks they
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tend to enjoy the most, while user-to-artist mapping module
303 discovers similar relationships betweenusers and artists.
Track-to-artist mapping module 304 and track-to-track map-
ping module 305 discover relationships based on co-occur-
rence of particulartracks andartists in significant numbers of
user track lists. The specific techniques of suchrelationship
discovery will be described in more detail below,

In one embodiment, discovered relationships from mod-
ules 302-305 are stored in profile database 112 (for describing
user preferences) and in track profile database 306 (for
describing track andartist relationships). In another embodi-
ment, discovered relationships are stored in learned artist
relationships 1605. These stored relationships are then used
for generating recommendations, and for other applications
as described herein. For example, a track information window
308 may be provided as part of the user interface for jukebox
103 (or in any other desired format). Window308 accepts as
input a particular track information request, and provides as
output a list of one or more related tracks, based on track
profile database 306. Suggestions from the output list may 2
then be used for programming ofa personalized radiostation,
or for other applications.

In addition, a Net Music window307 may be provided, for
offering suggestions or personalized programming based on
user profiles. When a request for a recommendation is made,
window 307 retrieves user profile information from database
112 and provides recommendations for tracks and/orartists
based on user-to-track or user-to-artist mappings.

Referring now to FIG. 4, there is showna block diagram
depicting a technique for identifying related music tracks
according to one embodiment ofthe present invention. The
techniqueillustrated in FIG. 4 may be used, for example, in
implementing module 305 of FIG. 3. In one embodiment, the
steps of FIG.4 are performedoff-line, andresults are saved in
track profile database 306 for retrieval when needed.

Track list 401 contains aggregated information describing
music tracks that have been downloaded by users (i.e., music
libraries), play logs, repeats, skips, and the like. For a particu-
lar track, track list 401 can be consulted to determine which
individual users have listened to that track the most as a

fractionofall of the musicthey listen to. The set ofsuchusers
is indicated as “people wholisten” 402 in FIG. 4. The system
then determines which other tracks 403 tended to be popular
amongthe users in list 402. Over-represented tracks 404(i.e.,
best-sellers that appear on a high proportionofall user track
lists) may be found 404 and pruned 405 accordingto a defined
threshold, so that the resultant related tracks 406 captures
music tracksthat are distinctive andlikely to be enjoyed by
those who enjoy the tracks fromtracklist 401. Related tracks
406 can then be stored in track profiles 306 for later reference
in generating recommendations. In one embodiment, related
tracks database 406 is implemented as part of learned artist
relationships 1605.

The particular techniques for performingthe track-to-track
association of FIG. 4, as well as refinements thereto, are

described below in connection withthe operationofthe rec-
ommendation engine.

Referring now to FIG, 5, there is showna block diagram
depicting a technique for identifying a mapping between
music tracks and artists according to one embodimentof the
present invention. The techniqueillustrated in FIG, 5 maybe
used, for example, in implementing module 304 of FIG. 3. In
one embodiment, the steps of FIG. 5 are performed off-line,
and results are saved intrack profile database 306 for retrieval
when needed. Track list 401 contains aggregated information
describing music tracks that have been downloaded by users
(i.e., music libraries), play logs, repeats, skips, and the like.
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Fora particular track, the technique ofFIG.4 is appliedto find
501 related tracks 406. Artists for related tracks 406 are
identified 502 and stored inrelated artists database 503 for

later reference in generating recommendations. In one
embodiment,related artists database 503 is implemented as
part oflearned artist relationships 1605.

Referring now to FIG. 6, there is shown a block diagram
depicting a technique for identifying a mapping between
users and artists according to one embodiment of the present
invention. The technique illustrated in F1G. 6 may be used, for
example, in implementing module 303 of FIG. 3. In one
embodiment, the steps of FIG. 6 are performed off-line, and
results are saved in user profile database 112 forretrieval
when needed. User list 601 contains a list of users to be

analyzed. For eachuser, tracks that the userhaslistened to are
found 501. Artists for those tracks are identified 502 and
stored in related artists database 503. In one embodiment,

relatedartists database 503 is implemented as part oflearned
artist relationships 1605. As described below,artists may be
scored withrespectto particular users, in order to provide an
indication of the degree ofaffinity betweenthe user and the
artist.

Referring nowto FIG. 7, there is shown a block diagram
depicting a technique for identifying a mapping between
users and music tracks according to one embodiment of the
present invention. The technique of FIG.7 is used for gener-
ating music track recommendations for users, based on dis-
covered relationships between tracks the user has listened to
and othertracks with which the user may not be familiar. The
techniqueillustrated in FIG. 7 may be used, for example, in
implementing module 302 of FIG. 3. In one embodiment, the
steps ofFIG. 7 are performed off-line, and results are saved in
user profile database 112 for retrieval when needed. One
skilled in the art will note that artist and album recommenda-

tions can be made by a process analogous to the described
technique for making track recommendations. Artist recom-
mendations can be converted to track or album recommenda-

tions by noting whichtracks or albums are the most popular
for a givenartist.

For a particular user, track information 403 is extracted
fromplay log database 114.A list oftracksis thus obtained.
Thetrack list is augmented 701 by including additional tracks
based on discovered relationships, determined for example
using the technique of FIG. 4. Significance scores are asso-
ciated withthe listed tracks. Over-represented tracks may be
identified 404 using a statistical test or other means. Low-
frequency tracks may be pruned 405 if they have lower than a
predefined numberoflisteners or plays. The resulting list is
stored in track summary database 702. In one embodiment,
track summary database 702 is implemented as part of
learned artist relationships 1605. Personalized programming,
advertising, music track suggestions, and the like, may be
generated based onthe storedlist.

In one embodiment, the techniques depicted in FIGS. 4, 5,
6, and 7 are implemented within relationship discovery
engine 1604.

Referring now to FIG, 8A, there is showna block diagram
depicting a technique for generating recommendations
according to one embodimentof the present invention. The
technique of FIG. 8A may be used, for example, for generat-
ing recommendationsin real time in response to requests for
programmingfor a personalized radio station. A user ID 801
is obtained, either by user entry of a unique identifier (and
password, if desired), or by retrieval of a cookie on a user’s
machine, or by other means. User information is then
retrieved from profile database 112, and a profile 802 of
recent behavior (including song selections) is obtained. The
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profile is used as a query to recommendation engine 107, An
available inventory 108 of tracks (as well as other related
items) is provided as input to engine 107, along with learned
artist relationships 1605. As described above, learned artist
relationships 1605is a database ofdiscovered relationships
amongtracks and/orartists, based on therelationship discov-
ery techniques described herein. Recommendation engine
107 then generates output containing recommended items,
including offers 804, events 805, tracks 806, links 807, and
the like.

Referring now to FIG. 8B, there is shown a block diagram
showing a technique for generating notifications according to
one embodimentofthe present invention. A list of users 601
is provided to notification criteria 115 for selecting which
users should receive notifications. Criteria 115 may include,
for example, user’s stated preferences for receiving notifica-
tions, user’s purchase threshold as may be determined from
past purchasing behavior, length oftime since most recent
notification, physical location (e.g., for notification of loca- 2
tion-specific events such as concerts), specified artists or
related artists, and the like. Learned artist relationships 1605
are provided to recommendation engine 107, which deter-
mines which items to recommend to outbound notifier mod-

ule 116. Current price offers 808, events 809, and the like are
provided to outbound notifier module 116, Based on input
from recommendation engine 107, and based on notification
criteria 115, module 116 generates e-mails 811 and transmits
themto selected users from user list 601, E-mails 811 may
include, for example, descriptions of special offers 804,
events 805, news 810, related links 807, and the like. In one
embodiment, e-mails 811 may even include selected music
tracksor links thereto.

Thus, using the technique illustrated in FIG. 8B, the
present invention facilitates direct marketing via e-mail,
which selectively targets users based on their implicit and
explicit preferences, as processed through recommendation
engine 107 to determine whichitemsare likely to appeal to
selected users.

Referring now to FIG.9, there is shown a block diagram of
adata model 900according to one embodiment of the present
invention. Oneskilled in the art will recognize that data model
900 is merely one example of an implementation of a data
model for the present invention, and that many other organi-
zational schemes and relationship among data files and
records may be used without departing from the essential
characteristics of the present invention. Accordingly, data
model 900 of FIG. 9 is merely intended tobeillustrative ofa
particular embodimentfor implementing the invention.

Each component ofdata model 900 containsfields that are
maintained for records in a particular data table. Relation-
ships between components are indicated by connecting lines,
with both one-to-manyrelationships and many-to-manyrela-
tionships being shown. Oneskilled in the art will recognize
that such tables and relationships can be implemented using
any conventionalrelational database product, such as Oracle.

FIG. 9 showsthe following tables:
Usertable 901 for tracking individual users: Fields include

user ID (key field), last version downloaded, ZIP code, IP
address, and e-mail address.

Log segment table 902 (in log database 114): In one
embodiment,fields include upload time(indicating whenthe
log segment was uploaded) and estimated period (indicating
the time period covered by the log segment).

Log element table 903 (in log database 114) for tracking
user actions with regard to music tracks: Fields include
action, count, last play, checksum, and track ID.
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Audio source table 904 (in content database 102) for speci-
fying locations of audiofiles: Fields include checksum (key
field) and URL.

Audiofile table 905 (in content database 102) for providing
descriptive information regarding audiofiles: Fields include
checksum, header information, and description.

Track table 906 (in content database 102) for providing
specifics oftracks: Fields include track ID (key field), title,
albumID,track number, genre, and description.

Artist table 907 (in content database 102) for providing
artist information: Fields include artist ID (key field) and
name.

Album table 908 (in content database 102) for providing
information about albums: Fields include album ID (key
field), publisher, genre, and description.

User profile table 909 for storing tracks related to users:
Fields may include related track, weight, and whether the
relationship was explicitly provided by the user. In situations
where user information cannot be extracted from observed

behavior, such relationships may be provided explicitly by
the user (e.g. by feedback forms).

Artist expansiontable 910 for storing related artists: Fields
include related artist, weight, and whether the relationship
was explicitly provided by the user. This table is generated,
for example, by relationship discovery engine 1604.

Track expansion table 911 for storing tracks related to
other tracks: Fields include related track, weight, and whether
the relationship wasexplicitly provided by the user. This table
is generated, for example, by relationship discovery engine
1604.

Album expansion table 912 for storing key tracks on
albums:Fields includerelated track, weight, and whether the
relationship was explicitly provided by the user. This table is
determined by finding tracks that are played more than the
average ofall tracks on an album,

In one embodiment, tables 909-912 are stored in profile
database 112; in another embodiment, tables 909-912 are

stored in learned artist relationships 1605.
In the present description of the invention, references to

artists, tracks, and albumsare interchangeable. Relationships
amongsuchentities can be determined and processed accord-
ing to any desired degree ofgranularity and description.
Indexing

Referring nowto FIG. 13, there is shownaflow diagram of
a method of initializing and maintaining an index in relation-
ship discovery engine 1604. Initially, play logs from database
114 are obtained 1302. Content index 110 is generated and
maintained based on log analysis 113. Play log files and
music library files are associated with particular users based
on cross-referencing of User IDs (“MMUIDs”). An exem-
plary file naming convention is
{<MMUID>}{<SEQ_NO>}<VERSION>.

For example:
{00199CE0-8A7D-11D3-AF7C-

00A0CC3C67B9} {0}4.30.0058MMD
A filtering program may also be applied 1303to the list of

files to be indexed, in orderto:

Filter files not corresponding to a version on the version
“go” list (so as to minimize the impact of users testing on
development versions);

Filter files from MMUIDsona pre-specified “kill”list; and
Filter all but the log with the largest sequence numberfor a

particular user (to avoid using obsolete data).
Thefiltered list offiles is read by an indexing script in index

and search module 104, which reads each file and adds the

play logs to content index 110. Several different indexes can
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be constructed by the indexing script, depending on whether
artist, albums, or tracks are indexed.

The indexing subsystemis initialized using a command
that instructs the subsystemto read initialization files froma
directory. The subsystem reads 1304 stop files (artist.stop,
album.stop, track.stop), indexfiles (artist.index, album.index,
track.index), and track tables (artist.tracks, album.tracks,
track.tracks) from the specified location. The stop file con-
tains a list of tracks that should be excluded fromthe index

being initialized.
The indexing subsystemreads each play log asafile and

parses it 1305 according to file type. For example, artist,
album, track, and play-Count fields are extracted for each
record. Parser/extractors return data in the same formatto the

indexing subsystem.
The stop lists are applied 1306 to filter unwanted entries.

Stoplists cascade,so that placing an artist on the artist stop list
prevents all albums and tracks by thatartist from indexing.
Fora finer grain ofcontrol, lower level stop lists may be used. 3

Fields are converted 1307 to all lowercase and trimmed of

leading and trailing white space. Leading “the” is stripped
fromartists, “&” is converted to “and” and artists of the form
“lastname, firstname” are transformed to “firstname last-

name”. Additional processing may also be performed, as
appropriate,

The output ofparsing and cleaning a play logis a list of
tracks for eachofthe indexes (artist, album, and track).

The cleaned list oftracks for a play log is added 1308to the
appropriate index in relationship discovery engine 1604.
Eachtrack is added to the track table and its occurrence count

tallied 1309. Adding a play log to the index includes the
following steps:

Obtaining an integer trackID for each track:
Obtaining an integer play log ID for the play log:
Creating a list of track IDs and aparallel list ofoccurrence

counts for this play log, and storing the lists in the play log
index, keyed by the play log ID;

For each track ID, addingthe play log ID and the numberof
occurrences of the track in the play log tothe twolists, listing
all play log IDs that a track appears in, and a parallel list
containing the occurrence countofthe track in each play log:
and

Updating track and play log total counts.
Afier all logs have been added to the index, the indexing

subsystem prunes 1310 indexes and calculates IDF and nor-
malization weights. Pruning includes removingall tracksthat
occur in fewer than a threshold number ofplay logs. Parallel
indexing operations can be performed for albumsandartists
in additionto tracks.
UserInterface

Website 106 of the present invention provides a front end
for communicating recommendations andother results of the
invention to users, and for accepting input from users and
tracking their behavior. Particular displays and page designs
may be implemented using known techniques ofweb devel-
opment and database access, incorporating information and
recommendations from the various databases of the present
invention. In one embodiment, web site 106 includes pages
directed toward the following functions and data:

Lists of new music (context-dependent, filtered and orga-
nized by recency of posting);

Lists of “hot picks” (context-dependent, filtered and orga-
nized by popularity):

Browsing functionality to allow the user to browse artists
based on categories, discovered relationships, and other links:
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Recommendations tailored to the individual user;
Search functionality;
Links to featured partnersites; and
Advertising (which may be targeted based onuserprefer-

ences and discoveredrelationships).
Oneskilled in the art will recognize that many other func-

tions, web pages, and interfaces may be provided in connec-
tion with the present invention.

Referring now to FIG. 10A, there is shown a data flow
diagramfor a browse function according to one embodiment
of the present invention. The browse functionallowsusers to
traverse artists and genres by clicking links representing dis-
covered relationships. Database 102 is populated from com-
mercially available entertainment information databases con-
taining music/artist/album descriptions, such as available
from MuzeInc.or the All Media Guide (AMG)from Alliance
Entertainment Group. Such information may be provided, for
example, in the form of updates 1009 using an import tool
1008 as provided by the database provider. Information for
database 102 may also be provided by artist relationships
import tool 1011 and content import too] 1007, Content is
stored in database 102 in tables, as described above in con-
nection with the data model of FIG. 9. Unmappedartist list
1006 and artist name equivalences 1005 are provided to con-
tent import tool 1007 to generate new records for database
102. Page builder 1003 queries database 102 for top-level
genres, and builds pages 1004, using HTML templates 1001
for each top-level genre, containing links to sub-genres. Page
builder 1003 queries database 102 for each artist and builds a
pageorset ofpages in 1004 for each, thus providing a linked
set of pages for traversal by the user.

Updates 1009 are provided to import tool 1008 for gener-
ating updates to stored data in database 102 in accordance
with available third-party software as provided by the data-
base provider. In one embodiment, equivalencing is per-
formed to account for different spellings and variations on
artist names, track names, and albumtitles. In another

embodiment, heuristic matching or other techniques are
employed as well. Artist-to-artist relationships 1010, as
developed by relationship discovery techniques described
herein, are provided toartist relationships import tool 1011
for storage in database 102.

Referring now to FIG. 10B, there is shown a data flow
diagram for a recommendation function according to one
embodiment of the present invention. Recommendations
pages display selected items based on explicit preferences or
discovered relationships from 1605. Such pages thus include
functionality for suggesting albums that may be purchased on
compact disc as well as downloadable music tracks. When
play logs 1024 for the user are available, suggestions are
made based on the play logs, using the relationship discovery
techniques described below. When play logs 1024 are not
available, a user may be given an opportunity to upload a play
log 1024 to receive recommendations, or alternatively to
receive generic recommendations (such as those based on
user demographics or overall popularity of music tracks or
albums). Recommendations may be refreshed and updated
whenever a new play log 1024 is received. In addition, some
randomness may be incorporated into the recommendations
so as to increase variety and encouragerepeatvisits to the web
site.

Jukebox 103 periodically uploads play logs to play log
database 114. If jukebox 103 has obtained any additional
relevant information regardingthe user, this information may
also be uploaded at this time. Periodically, the system
retrieves alist of users from profile database 112 for which
new play logs are available, and module 1021 determines
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representative suggestions for each user. The representative
suggestions are stored in profile database 112. Whenthe user
accesses the suggestion page, representative itemsare fetched
and used to formulate recommendations, using the relation-
ship discovery techniques described herein. If no representa-
tive itemsare available for the user, the play log for that user
(ifavailable) is analyzed so that representative items may be
determined, Based on the formulated recommendations, and

using a format specified in HTMLtemplates 1001, online
page builder 1003 generates output web pages 1004 for pre-
sentation to the user as part of web site 106.
Operation of Relationship Discovery Engine 1604

As described above, the present invention employs rela-
tionship discovery engine 1604, in connection with learned
artist relationships 1605, to find related items for generation
ofsuggestions, track lists, and the like. Referring now to FIG.
14, there is shown a flow diagram ofa method ofoperation for
relationship discovery engine 1604 according to the present
invention. A query is formed 1402 using one or more tracks,
artists, or albums, either from a user’s play log or from 2
another source. The query may specify tracks, artists, or any
other relevant criteria.

Based on the supplied query, a list of relevant users 1403 is
obtained. In general, this list includes users that have played
the specified tracks, or who have played music by the speci-
fied artist, andthe list is ordered bythe relative prominence of
the track orartist in the user’s play log. In one embodiment,
step 1403 is performed by weighting the tracks in the query
using one of several weighting strategies, A list of users
having play logs that include one or more ofthe query tracks
is obtained using an inverted index in play log database 114.
The matchingtracks fromeachplay log are weighted accord-
ing to the selected play log weighting scheme. Ifa query track
is absentin the play log, its weight is zero. The score of the
user with respect to the query is the sum across all query
tracks of the query weight multiplied by the user’s play log
weight for each track.

Play logs for the most significant users are obtained 1404.
Thetracksin the retrieved play logs are merged, ranked and
filtered 1405 by statistical techniques to return the most rel-
evant items. Alternatively, artists or albums for the tracks in
the retrieved play logs are determined, and theartist list is
merged, ranked and filtered. The resulting list contains the
related tracks, albums, orartists for the specified query.

Many types of music retrievals are possible using this
system. By using the user’s play log as the input for query in
step 1402, the method of FIG. 14 discovers relationships
based on the observed behaviorof the user.

In one embodiment, the present invention employs a bino-
mial log likelihood ratio analysis for finding significantly
over-represented tracks, albumsorartists ina set ofretrieved
play logs. The log likelihoodratio is a measure ofhow well a
null hypothesisfits the observed data. Ifthe null hypothesis is
the assumed independence of occurrence of two tracks, for
example,the log likelihood ratio measures the likelihood that
such independenceis a valid assumption.It follows, then, that
the log likelihood ratio is a useful indicator ofthe relationship
between the occurrences ofthe twotracks, ifany.

The log likelihood ratio is based on a likelihood ratio. A
likelihoodratio is the ratio of the maximumlikelihood ofthe

observed dataforall models where the null hypothesis holds
to the maximum likelihood of the observed data forall models

where the null hypothesis may or may not hold. The log
likelihood ratio is the logarithmof the likelihoodratio.

For the present invention, the log likelihood ratio is
employedto determine whether a giventrack is more likely to
appearintrack lists ofa first subset of users than intracklists
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ofa second subset ofusers. Based on this measure, subsets of

users are defined so as to identify those users most likely to
enjoythe track, album,orartist.

In one embodiment, the log likelihood ratio is applied in
the present invention to determine whethera particular track
occurs more frequently than expected in the selections of a
subset of users. Variables are defined as follows:

Ne=the total numberofusers;
N, =the numberofusersin the subset:
N.=the numberofusers not in the subset;
k, =the number of users in the subset that selected the

track:

k,.=the numberofusers notin the subset that selected the
track;

k,,=N,-k, ,=the numberof users in the subset that did not
select the track: and

k32=N.-k, =the numberofusers not in the subset that did
not select the track

The following equations are applied:

Ki Ky
uy = NP Hj = uNi

Thelog likelihood ratio is then given as:

LER for the track = 57 kylog!v Hj

Referring now to FIG.15, there is shown a flow diagram of
a method of extracting significant information according to
the present invention. The methodillustrated in FIG, 15 is
shown in terms of matching tracks in a music recommenda-
tion system. One skilled in the art will recognize that the
method may be adapted and applied to many other domains
and techniques.

A total number ofusers N is determined 1502. A total
numberoftracks S is determined 1503. For each track, the

system determines 1504 a track frequency (the number of
times the track was played by all users, or

SFp= Dmi

and a listener frequency (the numberofusers that listened to
the track at least once, or

LF =D) (ty > o}-

The results are weighted 1505 according to a product ofup to
three components: a=how manytimesthe userhas listened to
the particular track; B=how rare the track is amongall users;
and y=a normalizing factor based on how manytracks the user
has listenedto, in total.

Thefirst weighting factor, a, represents the frequency of
the track withinthe user’s play log. It may be represented and
defined according to the following alternatives:

a,=k,=Numberof occurrencesof the track in the user’s
play log; or
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a,=logk,, (or log(k,,+1)); or
oy=1 (a constant, used if this weighting factor is not to be

considered).

a maybe adjusted to accountfor repeatplay, aborted play,
high or low volume level, and the like. Other functions are
also possible and are well knownin theliterature describing
informationretrieval.

The second weighting factor, f, represents the frequency of
the track withinall users’ play logs. It may be represented and
defined according to the following alternatives:

 

(inverse listener frequency,i.e. the log of the numberofusers
divided by the numberofusers that listened to the track); or

{,=1 (a constant, used if this weighting factor is not to be
considered).

{ may be adjusted in a similar mannerasis a.

The third weighting factor, y, represents a normalizing
factor, which serves to reduce the bias for scoring long play
logs higher than short ones. Using a normalizing factor, a
short relevant play log shouldscoreatleast as well as a longer
play log with general relevance. y may be represented and
defined according tothe following alternatives:

1

Vwi
¥e =

where S=f and W,,=c,; or
yy=1 (a constant, used if this weighting factor is not to be

considered).

By employing the above-described combinationof three
weighting factors in generating scores for tracks andartists,
and then finding 1506 significantly over-represented ele-
ments using a test like the generalized log-likelihood ratio
test. the present invention avoids the problemsofoverstating
“best sellers” (i.e. those items that appeal to nearly all users)
and overstating co-incidental co-occurrence. If a track is a
bestseller, the second weighting factor will tend to diminish
its overpowering effect. In addition, the effect ofcoincidental
co-occurrence is lessened by the y coefficient.

In one embodiment, the system ofthe present invention
generates scores as follows. For each track ofinterest, a large
m-dimensional vector is determined. For each listener,
another m-dimensional vectoris determined. The techniques
ofassigning meaning to such vectors and training the vector
set to represent similarities among vectors are well known in
the art, as described for example in Salton et al., “The
SMART information retrieval system,” 1983. In such a
scheme document weights can be defined as

wapy

where k,, is as defined above,i is the documentandjis the
term.

Query weights q, can defined where k,, now represents the
word counts. Given these document and query weights, the
score for each userlogis:
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score; = y wid;>

A score can be generated for each listener’s play logs
relative to a query, and the highest-scoring listeners can be
addedto thelistenerlist. A score for a listener with respect to
a query is determined by taking the dot productof the query
vector and the vector fora listener’s play logs. In one embodi-
ment ofthe present invention, the above-described weighting
factors are applied to the vector terms in order to improve the
results ofthe scoring process.

Onceplay logs have been scoredfor retrieval using weight-
ing factors, play logs are retrieved, based on the relationships
to the query. These play logs containartists, albums, and/or
tracks. Over-represented artists, albums, and/or tracks are
extracted based on measured significance using the log like-
lihood ratio. These over-represented items are outputas rec-
ommendations.

Oncethe resultant tracks have had their significance mea-
sured, a subset oftracks, albumsorartists in the resulting
play-logs is output 1507 as recommendations. The subset
may be determined by taking a fixed number of the top-
scoring play logs and/or by taking all play-logs that have a
higher score than a threshold value.In either case, the gener-
alized log-likelihood ratio test can be used to find tracks,
albumsorartists that are significantly over-represented inthis
subset ofplay-logs relative to the entire set ofall play-logs.
These over-represented items constitute a recommendation
set. In this manner, the present invention is able to provide
recommendationsthat are most likely to be ofinterest to the
particularuser.

Further processing of the output of engine 1604 may be
provided, in orderto filter the results. Forexample, tracks that
the user has already played may be omitted from recom-
mendedtracks. Alternatively, some tracks that have already
been played maybe included, soas to improvethe credibility
(from the user’s point of view) of the output results. Output
may be ranked in order ofscore, or may be randomized and
further filtered, in order to obtain a desired level of variety in
suggested tracks. Output may be proved to recommendation
engine 107 for presentationto the user.

Referring now to FIG, 11, there is shown an example ofa
screen shot 1100 depicting sample artist-level relationships.
Query term 1101 is shown, along with list 1102 of recom-
mended artists, generated by engine 107. For each recom-
mendedartist, screen 1100 depicts a score as well as the name
ofthe artist; higher-scoring artists are those that have a closer
discovered relationship to query term 1101.

The presentinventionis able to refine the discovered rela-
tionships and user preferences as often as desired. For
example, user behavior may be monitored after recommen-
dations are made, so that play logs can be updated based on
the user’s selection of tracks, as well as the user’s skipping
and/or repeating of tracks. In one embodiment, more recent
behavior may be assigned a greater weight than previous
behavior, In this manner, the present invention provides a
technique for continually updating user preference data, so as
to take into account changing tastes or moods.

By making suggestions based on observed behavior with
respect to music track selections, the above-described meth-
ods ofthe present invention avoid manyofthe limitations of
the prior art. Specifically, the user data may be dynamically
updated with each track selection, so that more data points are
available than in prior art schemes. By contrast to online
commerce environments where user behavior may be moni-
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tored only when the user chooses to make a purchase(or,at
best, when he or she browsesa title), the present inventionis
able to monitor individual track selections and thus achieve a

muchgreater degree ofgranularity. In other words, user prel-
erence data may be collected at a higher bandwidth than in
prior art systems.

In addition, users’ selection ofmusic tracks is for their own
personal enjoyment; such selections are not generally made
on behalf of other people (as might be the case in online
stores, where a user may purchase a gift for some other
person). Thus, the developed user preferences, embodied in
the user play logs, are more likely to accurately reflect the
user’s tastes.

Finally, play logs may include information as to which
tracks were repeated, which were aborted or skipped, and at
what volume level the tracks were played. Weights can be
assigned to tracks in the log, based on such observations. For
example, the system may assign a higherweighttoa track that
was repeated on the assumption that the user probably
enjoyed that track, while a lower weight may be assigned toa 2
track that was skipped halfway through, on the assumption
that the user probably did not enjoy the track.
Applications

The above-described methods for implementing relation-
ship discovery engine 1604 generate output that may be used
for a variety of applications. In addition to generating artist
and track recommendations based ona user’s play log, the
present invention may be employed for the following appli-
cations as well:

Recommendations based on explicit preferences: Input to
engine 1604 may be presented in terms ofthe user’s specified
preferences, such as may be obtained via an online question-
naire. Such input may be employed to supplement data
describing observed behavior,so as to diminish the undesired
effect of best sellers and other less-meaningful influences.

Improved Text Searches: Input to engine 1604 may be a
text search term for a particular artist or track. Output may
then includetracks andartists that engine 1604 deems likely
to beofinterest. Thus, a user may searchforartist A and be
presented with worksby artist B as well, based ona relation-
ship betweenartists A and Bthatis discovered by analysis of
userlistening behavior. Alternatively, such relationships may
be determined in advance and stored in database records, so
that textual searches for tracks and artists can return informa-
tion aboutrelated tracks and artists based onthe stored fields

in the database records. Such an application may be particu-
larly useful, for example, in an online commerce environ-
ment.

Improved text searches may alternatively be implemented
by augmenting the pages to be searched by including tags for $
related artists or tracks. Conventional search engines will then
automatically include the pages in search results for the
related artists or tracks, without any additional processing.

Personalized Radio Station Programming: In another
application, the present invention may be employed in con- 5
nection with conventional radio station programming tech-
niques, to implement an improved personalized radiostation.
As is knownin the art, conventional radio stations typically
divide a programming block into a numberofsegments. Each
segmentis assigned a programmingcategory, such as “power
hit,” “new release,” “recurrenthit,” and the like. For a particu-
lar programming block, music tracks are assigned to each of
the segments based onthe particular programming format of
the radio station. Music scheduling software, such as Selec-
tor® by RCS Sound Software, applies heuristic rules for
repetition limits and classes of songs, to automatically gen-
erate tracklists for use by radio stations. The present inven-
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tion may be combined with such existing radio station pro-
gramming techniques, to populate the defined segments with
music tracks that are likely to appealto a particular listener.
Additional rules may be applied in generating tracklists, so as
to limit undesired repetition and to comply with limiting
legislation (such as the Digital Millennium Copyright Act)
and otherrestrictions.

‘To implement such anapplicationincluding a personalized
radiostation using suggestions from engine 1604, the present
invention uses slot definitions (which may be generated
manually or by a software application), together with descrip-
tive informationforeachtrack, to generate a list ofcandidate
tracks for each defined slot. Tracks are then ranked, based on

several factors including the output of engine 1604, Ranked
order may then be perturbed to a specified degree, in order to
introduce a selected level of randomnessto the resultant pro-
gram. For each slot, a track from the rankedlist is selected,
eitherby strict rank-selection, or by a rank-weighted random-
ization.

In one embodiment, selections for each defined slot are
generated as follows. A “penalty” value is associated with
playing each trackat a particular time. For example, playing
a powertrack during a power slot might carry a penalty of
zero, while playing a gold track during a powerslot might
carry a penalty of 1000 points. Other penalty values would
similarly be established. The penalty value would then be
combined with track scores to generate a rankedlist of pre-
ferred tracks.

Randomness can also be addedso asto provide variety and
unpredictability. A random number can be generated within
the range [0,1). The score might then be adjusted by -u
log(1-11), where 1 is a scale factor.

Additional constraints, restrictions, and rules might be
added,in order to influence track selection and arrangement.
For example, point values for a track might be reduced by
2000 ifthe track is played more than twice per hour, orifmore
than three tracks froma particularartist are played within an
hour. Such constraints may be applied for aesthetic reasons,
orto comply with Digital Millennium Copyright Act require-
ments, or for any other reason.

Oncethe score is established, penalties applied, and ran-
domness applied, the track having the smallest penalty (or
largest score) is selected and added to the track list. The
above-described application for implementing radio station
programming provides distinct benefits over the prior art
technology described previously. Traditional programming
techniques involving selection and placement ofslots are
combined with the advantages of user personalization, to
implement an improved personalized radio listening experi-
ence.

Advertisement Targeting: Once relationships between
music tracks and/orartists have been developed, users may be
presented with ads that are most likely to be of interest to
them.Particular ads may be associated withparticular tracks,
albums,orartists, and relationships amongtracks, albums,or
artists may then be exploited using the output ofengine 1604
ofthe present invention. In one embodiment, such an appli-
cation may be implemented by generating keywords describ-
ing user preferences (based on the output ofengine 1604), and
providing such keywords to conventional ad purchasers, so
that the selected advertisements are selected based on the

discovered keywords.
Oneskilled inthe art will recognize that, in additionto the

above applications, many other applications of the present
invention may be contemplated. For example, in an online
commerce environment where users may browse albums or
other products, advertisements may be targeted to particular
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users based on discovered relationships between the products
being browsed and other products that are likely to be of
interest. In addition, user behavior regarding web surfing,
volumelevels of music tracks, repeats and skips, and/or any
other observable behavior, may be used as input to engine
1604. Weights can be assignedto different types ofbehaviors.
Sample User Interface

For illustrative purposes, a numberof user interface ele-
ments, including menus, commands, dialog boxes, and
screens, are described below. These user interface elements

provide an example of an implementation of the present
inventionin the context ofan online jukebox application 103,
as may be madeavailable overthe Internet. One skilled in the
art will recognize that the particular functions, commands,
layouts, and designoftheillustrated userinterface are merely
exemplary ofsuch an application. Manyother arrangements,
features, and designs are possible. Accordingly, the following
description and accompanying drawings are in no way
intended to limit the scope of the invention, which scope is
defined solely by the claims herein.

Referring now to FIG.12, there is showna screen shot 1200
ofmain componentsfor a jukebox 103 interface according to
one embodiment. Jukebox 103 provides buttons for skipping
and repeating tracks 1202, volume control 1201, track display
information 1203, and track programlist 1204. Alisting ofthe
tracks in the user’s musiclibrary 1205 is also provided, along
with controls 1206 for adding, deleting, and reorganizing the
list. Media window 1207 mayalso be provided,for displaying
current song visualizations 1207A, albumcoverart 1207B for
the currently playing or a related album, or other artwork
1207C. A miniaturized version 1208 ofa player window may
also be provided upon activation of a mini-player button
1209, to provide a subset of the features and controls of main
screen 1200.

Referring now to FIGS. 17A through 17C, there are shown
additional main components for a sample userinterface of a
jukebox 103 that implements the present invention.

FIG. 17A depicts a “Now Playing” screen 1700, which
provides information describing and related to a musical
track that is currently playing. Information displayed within
screen 1700 may be provided from a web page, for example.
Such information may include, for example, a track listing
1701 for the currently playing album, a listing of the most
popular tracks 1702 for the currently playing album,a list of
album recommendations 1703 (as may be determined using
the above-described techniques of the present invention), and
alink 1704 to an onlineradiostation that may be personalized
according to the preferences ofthe individual listener, using
techniques described above. Additional information, adver-
tisements, and controls may also be displayed in various areas
ofscreen 1700.

FIG. 17Bdepicts a detached track listing 1711 that shows
an exploded view of the informationin track listing 1701.
Detached listing 1711 may be activated by a user control
1710. Radiostation screen 1712 provides access toa number 5
ofonline radio stations, as listed 1713. The user canactivate
any selected online radio station, or may create (i.e. config-
ure) a newstation by activating control 1714 and interacting
with broadcast radio window 1715 for selecting parameters
for a new station.

FIG. 17Cdepicts a music guide screen 1720. Screen 1720
contains additional informationrelated to the currently play-
ing track or to other musical selections that the user may be
interested in. Information may include articles 1721 as well as
access to personalized recommendations 1722 that may be
determined using the above-described techniques of the
present invention. Articles 1721 may be selected by reference
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to artists, albums, or tracks that the system ofthe present
invention determines are likely to be of interest to the user.

Referring now to FIG. 18, there is shown a series ofmenus
1801-1805 for a sample user interface of a jukebox that
implements the present invention. Menus 1801-1805 of FIG.
18 may be available, for example, in a menubaras part of
screen 1200 of the user interface. The user may select items
from menus 1801-1805 to activate various commands and

functions of the online jukebox, including those related to the
present invention. The particular menus ofFIG. 18, which are
merely exemplary, include File menu 1801, Edit menu 1802,
View menu 1803, Options menu 1804, and Help menu 1805.
Several commands and screens related to menus 1801-1805

will be described in more detail below, for illustrative pur-
poses.

Referring now to FIGS. 19A and 19B, there are shown
various interface elements for File menu 1801 items. Open
command 1901 activates an Open Music screen 1901A for
navigating among andselecting files containing music tracks,
such as may be located on the user’s hard drive, or on a
compact disc, or the like. Convert command 1902 activates a
File Format Conversion screen 1902 for converting files
from one format to another, using techniques that are known
in the art.Add New Track(s) to Music Library command 1903
activates an Add Tracks to Music Library screen 1903A for
adding musictracks, found on hard drives, compact dises, and
the like, to the user’s library as shown in 1205.

Open Music Library command 1904 activates Open Music
Library screen 19044 for navigating among and selecting
music library files. Music library files may be selected and
opened by the user to provide a set of music tracks. Print
command 1905 activates Print screen 1905A for printing
various lists, tracks, and libraries. Export Playlist Tracks
command 1906 activates Export Playlist Tracks screen
1906A for converting and/or exporting tracks fromplaylists
to other formats and locations. Create CD fromPlaylist com-
mand 1907 activates Create CD from Playlist screen 1907A
for providing access to features for creating compact discs
fromselected playlists. Exit command 1908, 1908A exits the
application.

Referring now to FIGS, 204A, 20B, and 20C, there are
shownvarious interface elements for Edit menu 1802 items of

a sample user interface of a jukebox that implements the
present invention. Playlist Track Tag(s) command 2001 acti-
vates Edit Track Tag(s) screen 2001.4 that allows a user to
view and edit descriptive information concerninga particular
track. Screen 2001A contains tabs 2031, 2032, 2033, 2034,

and 2038for accessingvarious subscreensas shownin FIGS.
20B and 20C. General tab 2031 provides access to subscreen
2031A, which provides fields and controls for entering gen-
eral information concerning the track, including track title,
track number,artist, album, genre, and the like. Genre field
2036 is presented as a pull-down menu 2035A for selecting
among genres. Preference field 2037 is presented as a pull-
down menu2036forselecting the user’s degreeofliking of
the track. Find Art File button 2011A activates Open screen
2021A for browsing a hard drive or other sources for artwork
related to the track. The user may select an artworkfile using
screen 2021A, and the software then associates the selected
artwork withthe track. The artwork may then appear in media
window 1207, ifdesired. Copy to Clipboard command 2004,
whichis accessible from Edit menu 1802 as well as from

subscreen 2031A, copies the artwork to the operating system
clipboard, so that it may be pasted in other applications as
desired. Paste from Clipboard command 2005, which is
accessible from Edit menu 1802 as well as from subscreen

20314, pastes artwork that was previously stored in the oper-
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ating system clipboard to subscreen 2031A, thereby associ-
ating the artwork with the track. Remove Art button 2006
removes the artwork from association with the track. Load
Album button 2011C loads an entire album into screen

200LA. Select All in Playlist command 2002 selects all the
tracks in the current playlist, as shownin screen 2002. Clear
Playlist command 2003 removesall tracks from the current
playlist, as shownin screen 2003.4.

Lyrics tab 2032 provides access to subscreen 20324,
which provides a field for viewing and editing lyrics for the
track. Notes tab 2033 provides access to subscreen 2033.4,
which provides a field for viewing and editing notes for the
track. Bios tab 2034 provides access to subscreen 2034A,
which provides a field for viewing and editing biographical
information for the track.

Moretab 2038 provides access to subscreen 20384, which
providesfields for viewing andediting additional information
and characteristics describing the track. Subscreen 2038A
contains Tempo field 2040 which allowsselection from menu 3
2040A, Moodfield 2041 which allows selection from menu
20414.and Situation field 2042, whichallows selection from
menu 20424.

Referring now to FIGS. 21A, 21B, 21C, 21D, 21F, and
21F, there are shown various interface elements for View

menu 1803 items ofa sample user interface of a jukebox that
implements the present invention. Small Player View com-
mand 2101 activates miniaturized version 1208 ofthe player
window. Full PlayerView command 2102 activates full-sized
player window 1200. My Library command 2103 shows the
user’s music library 1205.

MusicMatch Radio command 2104activates radio screens

21044 and 2104B for operating and controlling a personal-
ized online radio station. Music Guide command 2105acti-

vates Music Guide screen 2105A that displays information,
offers, and recommendationsrelated to the currently playing
track. Now Playing command 2106 activates Now Playing
screen 2106A showing track listing and other information
related to the currently playing track. Recorder command
2107 activates Recorder screen 2107A providing controls for
making recordings oftracks and track lists. Media Window
command 2108 activates Media Window screen 2108A con-

taining media window 1207for displaying artwork,graphics,
and other material. Buy CD Site command 2109 provides
access to e-commerce web page 2109where the user may
purchase music related to the currently playing track.

Visualizations command 2110 provides access to function-
ality for presenting visual accompaniments to tracks being
played (not shown). Sound Enhancement command 2111
provides access to controls for altering and enhancing the
sound presentation (not shown), Auto Arrange Components
command 2112 toggles between free-form arrangement
2112A of windows and structured arrangement 2112B.
Always on Top command 2113 keeps the jukebox application
ontop of other windows, as shown in 2113A.

Referring now to FIGS. 22A, 22B, and 22C, there are
shown various interface elements for Option menu 1804
items ofa sample user interface ofa jukebox that implements
the present invention. Player command 2201 provides access
to various commands described below in connection with

FIG, 23D.Playlist command 2202 providesaccess to various
commands described belowin connection with FIGS. 23E

and 23F. Music Library command 2203 provides access to
various commandsdescribed belowin connection with FIGS.

24Athrough 24C. Recorder command 2204 provides access
to various commands described below in connection with

FIGS. 25A through 25E. Add NewFeatures command 2205
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activates or provides access to screen 2205A for downloading
and installing plug-ins providing additional functionality for
the jukebox application.

Get Music Recommendations command 2206 activates

music recommendations screen 2206A, which provides rec-
ommendations based on observation of user behavior, as
described above. Update Software command 2207 activates
Software Update screen 22074, whichprovides functionality
for downloading andinstalling the latest release of the client
software in response to user instructions.

Change Skin command 2208 activates Change Skin screen
2208, which provides alternativesfor “skins,” or themesfor
decorative user interface elementsfor selectionbytheuser, as
is known in the art. Download Skins command 2209activates
Download Skins screen 2209A, which allows the user to
access, download, and install additional “skins” as desired.

Change Text Size command 2210 activates Change Text
Size screen (not shown), which provides functionality for
changing thesize oftext displayed in various userinterface
screens. Settings command 2211 provides access to Settings
screens 2211A-2211E, whichallowthe user to specify vari-
ous settings and preferences for operation of the software
application.

General Settings screen 2211Aallowsthe user to specify
various generalsettings. In 2301, the user may specify which
file types are to be played by the software application. In
2302, the user may specify the result ofa double-click action.
In 2303, the user may specify settings for downloading music
files. In 2304, the user may specify whether a QuickPlay
function is enabled in the System Tray. In 2305, the user may
specify permissionsettings for communication with the cen-
tral server.

Player Settings screen 2211B allows the user to specify
various settings concerning the player application. In 2306,
the user may specify seek increments and song skip incre-
ments. In 2307, the user may specify whether the media
window appears on first play. In 2308, the user may specily
the mixer to be used. In 2309, the user may enable and
configure a wallpaper function that converts album art to
background wallpaper.

Recorder Settings screen 2211C allowstheuser to specily
various settings concerning recording of music. In 2310, the
user may specify and configure the recording quality. Button
2311 activates a navigation screen (not shown) for accessing
a songsdirectory. Button 2312 activates a screen (not shown)
for specifying advanced features. Referring also to FIG. 23G,
button 2313 activates Delayed Recording screen 2313A for
specifying delayed recordings. Button 2314 activates Digital
Rights Management screen 2314A for configuring security
attributes. In 2315, the user may enable and configure the
creation of song clips. In 2316, the user may specify the
recording mode for compact disc recording.

Music Library screen 2211Dallows the user to specify
various settings concerning the music library. In 2318, the
user may specify display settings. In 2319, the user may
specify tag updates. In 2320, the user may specify which tag
is to be used when conflicts occur. In 2321, tag conversion
may be enabled.

CDDB/Connectivity screen 2211E allows the user to
specify various settings concerning compact disc database
connectivity. In 2322, the user can enable the CDDB album
lookup service. In 2323, the user can specify and configure
the connection to the central server.

Referring now to FIG. 23D, there are shown various
screens and menus associated with Player command 2201 of
Options menu 1804. Player command 2201 provides access
to Player submenu 2201F, which contains Play Control com-
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mand 2201A, Play Cycle command 2201B, Play Reordering
command 2201C, Equalizer command 2201D, and Settings
command 2201EF. Play Control command 2201A provides
access to Play Control submenu 2201G, which contains com-
mandsrelated to the operation ofthe player application. Play
Cycle command 2201Bprovides access to Play Cycle sub-
menu 2201H, which allowsthe user to select between single
play (“once”) and repeated play (“repeat”). Play Reordering
command 2201C provides access to Play Reordering sub-
menu 2201J, which allowsthe user to select howtracks are to

be reordered. Equalizer command 2201D activates Equalizer
screen 2201K containing controls for a graphic equalizer.
Settings command 2201F provides access to Settings screen
2211A as described above in connection with FIG. 23A.

Referring now to FIGS. 23E and 23F, there are shown
various screens and menusassociated with Playlist command
2202 of Options menu 1804, Playlist command 2202 pro-
vides access to Playlist submenu 2202E, which contains
Open Music command 2202.4, AutoDJ command 2202B, 2
Save Playlist command 2202C, and Clear Playlist command
2202D. Open Music command 2202activates Open Music
screen 2202F, which allows the user to openfiles containing
music, located on a hard drive, remote server, compactdisc,
and the like. AutoDJ command 2202B activates AutoDJ

screen 2202G, which allows the user to specify various cri-
teria for adding musical selections to the music library. As
seen in FIG. 23F, screen 2202G includes entry fields for
specifying total play time, album preference, artist prefer-
ence, genre preference, tempo preference, and the like. The
software application retrieves tracks corresponding to the
specified preferences. Save Playlist command 2202C acti-
vates Save Playlist screen 2202H, which allows the user to
specify a nameand location for the saved playlist file. Clear
Playlist command 2202Dclears the user’s playlist.

Referring now to FIGS, 24A through 24C, there are shown
various screens and menus associated with Music Library
command 2203 of Options menu 1804. Music Library com-
mand 2203 provides access to Music Library submenu
2203Q, which contains commands 2203.4 through 2203P, as
described below.

New Music Library command 2203A activates screen
2203R for specifying the name and location of a new music
library to be created. Open Music Library command 2203B
activates Open screen 2203S for navigating among stored
files and folders and indicating a musie library file to be
opened. Save Music Library As command 2203Cactivates
Save Music Library screen 2203Tfor specifying a name and
location for a music library to be saved. Clear Music Library
command 2203D presents confirmation screen 2203U allow-
ing the user to confirm that the currently open music library is
to be cleared.

Export Music Library command 2203E activates Export
screen 2203W for specifying the name,location, and file type
for an exported copyofthe music library. This command thus
provides functionality for generating, storing, and transmit-
ting music library files in any ofa numberoffile formats. File
excerpt 2203Yillustrates an example ofa line of an exported
file in a text format, as may be generated and saved in con-
nection with Export Music Library command 2203E. Import
Music Library command 2203F activates Import screen
2203¥V for specifying the name, location, and file type for a
file to be imported as a music library. This command thus
provides functionality for accessing musiclibrary files in any
of a numberoffile formats.Add New Track(s) to Music
Library command 2203Gactivates Add Tracks to Music
Library screen 2203X, which provides functionality for iden-
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tifying individual tracks, as may be stored on a hard drive,
server, compact disc, or the like, to be added to the music
library.

Delete Track(s) command 2203H presents confirmation
screen 2203Z allowing the user to confirm that the selected
track or tracks are to be deleted fromthe user’s database. The

user may also specify whetherthe associated songfile orfiles
should be removed from the user’s computer. Edit Track
Tag(s) command 2203] activates Edit Track Tag(s) screen
2403 providing functionality similar to screen 2001A
described above in connection with FIG. 20B. Find Track(s)

in Music Library command 2203K activates Find screen 2401
providing functionality for keyword searches in the user’s
music library. Search and Add Track(s) from All Drives com-
mand 2203Lactivates Search for Music screen 2402 provid-
ing functionality for searching the user’s computer for digital
music files so that the files may be added to the user’s music
library.

Preview Track command 2203Mplaysa track in a preview
mode. Add Track(s) to Playlist command 2203N adds
selected tracks to the user’s current playlist. Music Library
Settings command 2203P activates Music Library screen
2211Das described above in connection with FIG. 23B.

Referring now to FIGS. 25A and 25B, there are shown
various screens and menus associated with Recorder com-

mand 2204 ofOptions menu 1804. Recorder command 2204
provides access to Recorder submenu 2204F, which includes
Control command 22044, Source command 2204B, Quality
command 2204C, Send Album info to CDDB command

2204D, and Settings command 2204E. Control command
2204A provides access to submenu 2204Gcontaining vari-
ous commands related to control of the recorder. Source

command 2204Fprovides access to submenu 2204J contain-
ing commands for selecting the source to be recorded, includ-
ing for example a CD,line in, microphone in, and the like.
Quality command 2204F provides access to submenu 2204H
containing commands for specifying the format and quality
level of the recording to be made.

Send Album info to CDDB command 2204Dactivates

screen 2204K, whichdisplays results ofa searchfor database
records matching the track being recorded. The user is given
an opportunity to confirm the match, and, in Submit screen
2204L, to modify the information being transmitted. Settings
command 2204Eactivates Recorder Settings screen 2211C
described above in connection with FIG. 23B.

Referring nowto FIGS. 26A through 26D,there are shown
various screens anduserinterface elements for implementing
a personalized radio station according to the techniques of
one embodiment ofthe present invention. Screen 2600 pro-
vides controls for initializing a personalized radio station by
accepting three favorite artists from the user. Alternatively,
the user may initialize a personalized radio station based on
the user’s listening profile; this option may be specified in
section 2305 ofGeneral Settings screen 2211A, as described
above in connection with FIG. 23A. One advantageto this
alternative method is that the user’s history of music selec-
tions provides a more accurate profile of the user’s prefer-ences.

Create NewStation screen 2601 provides functionality for
configuring the personalized radio station. The user canselect
a Station Match function 2602, which allows the user to

match existing predefined radio stations and to mix genres
fromtwo or more predefinedstations. The user canalso select
anArtist Matchfunction 2603, which provides musical selec-
tions based on the user’s input regarding his or her favorite
artist, as determined using the above-described techniques of



US 8,352,331 B2
35

the present invention. Input controls are also provided for
naming the station 2604, launching the station 2605, and
deleting the station 2606.

The user mayalso e-mail a link to the newlycreated station
to another user, such as a friend. Screen 2104B provides
various controls related to the operation ofthe personalized
radio station. Send to Friend button 2609 activates screen

2607 for providing an e-mail address and message. The soft-
ware application sends an e-mail message 2608 to the speci-
fied recipient, and includes a link to the personalized radio
station. The recipient canthenlistento the personalized radio
station byclicking on thelink.

Screens 2610 and 2611 provide functionality for selecting
among predefined radio stations. The user can browse among
various formats, as shownin screen 2610, or may view search
results in screen 2611, based on a keyword search. The func-
tionality ofscreens 2610 and 2611 maybe used bythe userto
select two or more predefined radio stations to be combined to
generate a personalized radiostation.
Stream Delivery

As described above, the relationship discovery engine of
the present invention may be implemented in conjunction
with a personalized onlineradio station. In one embodiment,
music is delivered to users in a streamed audio format. For

example, radio sequence transmitter 121 may deliver units of
data to jukebox 103 in a format wherein each unit encodes a
period of music. Since radio stations typically repeat their
programming several times, it is beneficial to cache the data
units in order to reduce the amount oftransmitted data. In

addition, if a sufficiently large time scale is used, different
channels ofthe radio station may have considerable overlap
among currently playing selections that are being delivered to
varioususers. By identifying these commonunits, transmitter
121 can take advantage of further economiesoftransmission,
so as to provide more efficient delivery ofaudio data.

Using known compression methods, FM-quality music
delivery can be provided with a bandwidthofapproximately
32,000 bits per second, andAM-quality music delivery can be
provided with a bandwidth of approximately 20,000 bits per
second. CD-quality music delivery can be provided with a
bandwidth of approximately 128,000 bits per second. Con-
ventional channel capacities for users’ Internet connections
range from approximately 14,400 to 56,000 bits per second
for dial-up modems, to one million (or more) bits per second
for cable modems and ADSLconnections. Channel capaci-
ties can vary from moment to moment, depending on current
network conditions. Variability is particularly evident in
shared access environments, such as LAN-based or cable

modem connections. Thus, audio delivery as provided by
transmitter 121 is, in one embodiment, designed to function s
despite such variations in channel capacities from user to user
and from moment to moment.

In one embodiment, transmitter 121 employs scalable cod-
ing to increase the quality ofaudio output despite limitations
in channel capacity. Audio data is categorized so that low-  s
quality audio can be producedusing the primary information,
while secondary information can be combined with the pri-
mary information to enhance output quality, In one embodi-
ment, additional levels of information may also be provided,
each of which can be combined with the lower levels to

further enhance output quality. Thus, by caching lower-qual-
ity audio and later combining it with subsequently received
secondary information, jukebox 103 is able to increase the
quality of the audio output.

Specifically, the first time an audio track is transmitted,
transmitter 121 provides jukebox 103 with the primary infor-
mationfirst. Secondary (and additional) informationis trans-
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mitted as time permits. Jukebox 103 outputs the audio track
with whateverlevel of informationit has received at the time

output is to commence. Ifonly primary information has been
received, jukebox 103 outputs lower-quality audio. Ifsecond-
ary information has been received, it is combined with the
primary information and jukebox 103 outputs higher-quality
audio.

In addition, jukebox 103, in one embodiment, caches the
received information. Ifthe same audio track is requested at a
later time, transmitter 121 provides jukebox 103 with the next
level of information. Therefore, even if jukebox 103 was
unable to provide higher-quality audio during thefirst listen-
ing, it may be able to provide higher-quality audio during
subsequentlistenings, by combining secondary (and/or addi-
tional) information withthe previously cached primary infor-
mation to generate the higher-quality audio output. Such a
technique facilitates the output of high quality audio even
when network transmission capacities are limited.

Referring now to FIG. 27A,there is shown an example of
a transfer sequence for a channel with moderate bandwidth.
Initially, tracks A and B are requested. Primary information
for trackA 2701 is downloaded. As primary information 2701
is downloaded, a low-quality version of track A 2705 is
played, according to conventional streaming audio tech-
niques. Downloaded primary information 2701 is cached.

Once the download ofprimary information for track A
2701 is complete, jukebox 103 begins to download primary
informationfor track B 2702. This download may begin even
thoughtrack A is still playing 2705. In the example shownin
FIG. 27A, the download of primary informationfor track B
2702 is completed whiletrack A is still playing 2705. There-
fore, jukebox 103 begins to download secondary information
for track B 2703. Then, when playback 2705 of track A is
finished, jukebox 103 is able to output a high quality version
oftrack B 2706, by combining secondary information 2703
with previously downloaded primary information 2702. The
output of the high quality version 2706 may take place while
secondary information 2703is still being downloaded, again
using streaming techniques.

In the example of FIG. 27A, a request to play track A a
second timeis received. Therefore, once secondary informa-
tion 2703 has been downloaded, jukebox 103 begins to down-
load secondary information for track A 2704. Once the high
quality version oftrack B 2706is finished playing, jukebox
103 outputs a high quality version of track A 2707, by com-
bining secondary information 2704 with previously down-
loaded primary information 2701.

Referring now to FIG. 27B, there is shown another
example ofa transfer sequence for a channel with a lower
bandwidth than that of FIG, 27A. Here, the secondary infor-
mationfor track B 2703 is not downloaded, because it would
not arrive in time to improve the output of track B. Accord-
ingly, a lower quality versionoftrack B 2708is output in lieu
ofthe higher quality version 2706 of FIG, 274A. However, the
higher quality version of track A 2707 canstill be presented,
since there is sufficient time to download secondary informa-
tion for track A 2704 before the second playback oftrack A
commences,

Oneskilled in the art will recognize that the tracks depicted
in FIGS. 27A and 27Bmay refer to individual songs, or song
segments, or any other unit of information. Oneskilled in the
art will further recognize that the scalable coding techniques
described herein may be appliedto video data, or to any other
type of data, and are not limited to audio data.

The scalable coding techniques of the present invention
thus facilitate the trading offof quality in bandwidth-limited
situations, without requiring complex bandwidth estimation
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and determination. If insufficient bandwidth exists for the

delivery of higher-quality versions, the system simply con-
tinues playing lower quality versions of tracks. No skipping,
pausing, or other interruptionofthe audio streamisnecessary.
Jukebox 103 can determine whether to continue any particu-
lar transfer to improvethe available quality or to download the
next requested track, based on upcomingtrack selections. At
any given moment, the next data segment to request can be
determined by requesting the highest priority data segment
from the next few audio segments. In one embodimentpri-
orities are defined to either play audio at a maximumshort-
term quality level or at a consistent quality level.

In one embodiment, jukebox 103 requests data for down-
loading according to the following orderofpriorities:

Priority Type of value

Primary information, next track
Secondary information, next track
Primaryinformation, track after next
Secondary information, track after next
Tertiary information, next track
Tertiary information,track after next
Data for subsequent tracks

SAWhwhe
 

Oneskilled inthe art will recognize that any desired prior-
ity list may be provided. For example, if item 5 in this table is
moved upto the third rank, the system will give more priority
to high quality presentation at the possible expenseofincon-
sistent quality on lower bandwidth connections.

In one embodiment, locally-cached downloaded data is
stored in an encrypted or otherwise protected form, so as to
prevent its abuse and to inhibit copyright infringement. In
another embodiment, primary information is stored in an
encrypted or otherwise protected form, but secondary and
subsequent informationis not, since the secondary and sub-
sequent informationis unusable without accessto the primary
information.

In one embodiment, jukebox 103 downloads audio files
when the user is not actually listening to music, so as to
facilitate improved usage of an otherwise idle network con-
nection. Jukebox 103 determines whichitemsare likely to be
requested by a user, so thatat idle times it can transfer data
thatis likely to be useful for rendering audio segments in the
future. Such determination may be made,for example, using
the learnedartist relationships described above, in order to
“guess” whichtracks the user is mostlikely to request in the
future. In one embodiment, secondary information for such
“predicted” audio segments is downloaded first, so that
encryption is not required unless and until the user actually
requests the tracks and the primary informationis to be down-
loaded.

Scalable coding may also be used to process, a signal of a
conventional broadcast radio station that plays music. An
audio recognition device, as is conventional, pre-processes
the signal in order to identify individual songs. Those portions
of audio information that are not music are compressed and
stored, and a transfer sequence is sent to jukebox 103 that
references these recently encoded non-music segments as
well as previously known and cached musical segments. The
recently encoded segments can be encoded at a lower quality
level in order to allow a jukebox 103 connected by alow speed
line to transfer the recently encoded segments in real-time
while still playing the cached musical segments at a higher
quality level.
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From the above description, it will be apparent that the
invention disclosed herein provides a novel and advantageous
system and methodforrelationship discovery. The foregoing
discussion discloses and describes merely exemplary meth-
ods and embodiments of the present invention. As will be
understood by those familiar with the art, the invention may
be embodiedin other specific forms without departing from
the spirit or essential characteristics thereof. For example, the
invention may be applied to other domains and environments,
and may be employed in connection with additional applica-
tions where personalized recommendations are desirable.
Accordingly, the disclosure of the present invention is
intendedto beillustrative, but not limiting, ofthe scope ofthe
invention, whichis set forth in the following claims.

Whatis claimedis:

1. A computer-implemented method of discovering rela-
tionships betweenitems, comprising:

accepting, in a computer, itemselections detected from a
plurality ofusers:

generating, in the computer, a log for each user, each log
containing identifiers corresponding to detected user
item selections:

accepting, in the computer, a query including at least one
query item identifier;

scoring, in the computer, eachofthe userlogs, the scoring
for each user log being responsive to a frequency of
occurrence of the at least one query item identifier in the
user log, a frequency of occurrence of the at least one
query item identifier in all of the user logs and a query
weight for the at least one query item identifier in the
query, so as to generate a userlog score for eachuser log
based exclusively on detected user item selections and
the at least one query item;

determining, in the computer, at least one result item,
responsive to the scoring of each user log, so as to
discoverat least one relationship based exclusively on
detected user item selections and the at least one query
item.

2. The computer-implemented method ofclaim 1, wherein
a significance ofoccurrence is determined by a log likelihood
ratio analysis and the determinedresult is further responsive
to the determined significance.

3. The computer-implemented method ofclaim 1, wherein
a significance of occurrence is determined by a substantial
equivalent of a log likelihood ratio analysis and the deter-
mined result is further responsive to the determined signifi-cance.

4. The computer-implemented method ofclaim 1, wherein
each item is a video track and wherein accepting item selec-
tions comprises determining which tracks are selected for
playback.

5. The computer-implemented method ofclaim 1, wherein
each item is a music track and wherein accepting item selec-
tions comprises determining which tracks are selected for
playback.

6. The computer-implemented method of claim5, further
comprising:

generating, in the computer,a tracklist containing an iden-
tifier foreach determined result item comprising a music
track.

7. The computer-implemented method of claim6, further
comprising:

deleting, in the computer, from the track list at least one
identifier corresponding to a music track already
selected by the user.
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8, The computer-implemented method ofclaim6, further
comprising:

playing the music tracks specified by the generated track
list.

9, The computer-implemented method of claim5, further
comprising:

accepting, in the computer, a format schedule specifying
music track categories for time periods; and

generating, in the computer, a track list conforming to the
format schedule and containing an identifier for each
determined result item comprising a music track.

10. The computer-implemented method of claim 5,
wherein scoring the user logs comprises determining a fre-
quency of occurrence in eachuser log of at least one music
track identified by the query itemidentifier.

11. The computer-implemented method of claim 5,
wherein scoring the user logs comprises determining a fre-
quency of occurrence in each user log ofat least one music
track associated with anartist identified by the query item 3
identifier.

12. The computer-implemented method of claim 1,
wherein accepting item selections comprises receiving input
provided by a user via a web page.

13. The computer-implemented method of claim 1,
wherein accepting item selections comprises receiving input
specifying an item purchasebyauser.

14. The computer-implemented method ofclaim 1, further
comprising, prior to determining the at least one result item,
defining, in the computer, a subset of the scored user logs
responsive to the user log scores, the at least one result item
being determined from the subset ofscored user logs.

15. The computer-implemented method ofclaim1, further
comprising:

monitoring, in the computer, user behavior with respect to
the selected items; and

adjusting, in the computer, the user log responsive to the
monitored user behavior.

16. The computer-implemented method of claim 15,
wherein monitoring user behavior comprises at least one
selected from the group consisting of:

detecting user input requesting that a selected item be
repeated;

detecting user input requesting that a selected item be
skipped;

detecting user input specifying a volume change; and
detecting user input specifying that a selected item be

muted.

17. The computer-implemented method of claim 1,
wherein accepting item selections comprises receiving input
provided by a uservia an application for playing tracks.

18. The computer-implemented method of claim 1,
wherein accepting a query comprises receiving a user log
containing identifiers for a user’s item selections.

19. The computer-implemented method of claim 1,
wherein accepting a query comprises receiving a first search
term, the method further comprising:

generating, in the computer, a second search term contain-
ing an identifier for each determined result item.

20. The computer-implemented method ofclaim 19, fur-
ther comprising at least one of:

providing, in the computer, the second search term as input
for a search engine; and

adding, inthe computer, the second search term to a search-
able portion of a document associated with the first
search term.
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21. The computer-implemented method ofclaim1, further
comprising:

periodically uploading the generated log.
22. The computer-implemented method ofclaim1, further

comprising:
outputting an advertisement relating to the determined at

least one result item.

23. The computer-implemented method of claim 22,
wherein outputting an advertisement comprises displayingat
least one selected from the group consisting of:

a web page:
a banner;

a portion of a web page; and
an animation.

24. The computer-implemented method ofclaim1, further
comprising:

outputting a notification relating to the determined at least
one result item.

25. The computer-implemented method of claim 24,
wherein outputting a notification comprises displaying a web
page.

26. The computer-implemented method of claim 24,
wherein outputting a notification comprises sending a com-
munication to a user.

27. The computer-implemented method of claim 26,
wherein sending a communicationto a usercomprisesatleast
one selected from the group consisting of:

transmitting an electronic mail message to the user;
telephoning the user; and
sending a direct mail item to the user.
28. The computer-implemented method of claim 1,

wherein the determined result is responsive to a significance
ofoccurrence of the item inat least a subset of the scored user

logs, and wherein the significance is determined by a log
likelihood ratio analysis submethod comprising:

determining, in the computer, a total numberofuser logs
N;

determining, in the computer, a numberofuser logs N, in
a subset ofuser logs:

determining, in the computer, a numberofuser logs N, not
in the subsetofuser logs;

determining, in the computer, a numberofuser logs k, , in
the subset that include the item:

determining, in the computer, a numberofuser logs k, , not
in the subsetthat include the item;

determining, in the computer, a number of user logs
k,,=N,-k,, in the subset that do not include the item;

determining, in the computer, a number of user logs
k,.=N,-k,, not in the subset that do not include the
item;

and determining,in the computer, a log likelihood ratio for
the item.

29. The computer-implemented method of claim 28,
whereinthe log likelihood ratio is defined as:

Dy Kyloaf

ky es
where: mj = ra Hp = > xea 4]
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30. The computer-implemented method ofclaim 29, fur-
ther comprising:

adjusting, in the computer, at least one of the k, values
responsive to at least one selected from the group con-
sisting of:

the numberofoccurrences of the item in a user log:
the logarithm ofthe numberofoccurrences of the item ina

user log:
the number ofoccurrences ofthe item inall user logs;
the logarithmofthe total numberof users divided by the

number of users who have selected the item; and

a normalizing factor.
31. The computer-implemented method of claim 30,

wherein the normalizing factoris

1

V Yswy?

where S,is a weight based on the number of occurrences of
the item in all user logs and W,, is a weight based on the
number of occurrences of the item in a particular user log.

32. The computer-implemented method ofclaim 1, further
comprising:

deleting, in the computer, from the determinedatleast one
result item any result items already selected by a user
associated with the query.

33. The computer-implemented method ofclaim1, further
comprising:

ranking, in the computer, the at least one result item
responsive to a degree of significance.

34. A computer-implemented method of discovering a
relationship between a first item and a second item, compris-
ing:

determining, in the computer, a total number of item
groups N;

determining, in the computer, a number of item groups N,
in a subset of item groups, the subset of item groups
being defined as including those item groups that con-
tain a seconditem;

determining, in the computer, a numberof item groups N,
not in the subset of item groups;

determining, in the computer, a numberofitem groupsk,,
in the subsetthat containthe first item;

determining, in the computer, a number ofitem groups k, 5
not in the subset that contain the first item:

determining, in the computer, a number of item groups
k,,=N,-k,, in the subset that do not contain thefirst
item;

determining, in the computer, a number of item groups
k,,=N.-k,, not in the subset that do not containthefirst
item;

determining, in the computer, a log likelihood ratio: and
generating, based on the log likelihood ratio, a representa-

tion of the relationship betweenthe first item and the
second.

35. The computer-implemented method of claim 34,
whereinthe log likelihood ratio is defined as:
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where: mj = a, HX Ss Zi i

36. The computer-implemented method of claim 35,
wherein each item group comprises a document.

37. The computer-implemented method ofclaim 35, fur-
ther comprising:

adjusting, in the computer, at least one of the k,, values
responsive to at least one selected from the group con-
sisting of:

the numberofoccurrences ofthe item in a document;

the logarithm ofthe numberofoccurrences of the item ina
document;

the numberof occurrencesofthe item in all documents;

the logarithm ofthe total number ofdocuments divided by
the number of documentsthat include the item; and

a normalizing factor.
38. The computer-implemented method of claim 37,

wherein the normalizing factoris

1

VEGm?

where S, represents the number ofoccurrences of the itemin
all documents and W,, represents the numberofoccurrences
ofthe itemin a particular document.

39. A system for discovering relationships among items,
comprising:

a user interface for accepting item selections froma plu-
rality of users;

at least one log database, coupled to the userinterface, for
storing a log for eachuser, each log containing identifi-
ers corresponding to detected useritemselections;

a query input device for accepting a query includingatleast
one query itemidentifier; and

a relationship discovery engine, coupled to the log data-
base and to the query input device, for scoring each of
the user logs, the scoring for each user log being respon-
sive toa frequency ofoccurrence ofthe at least one query
itemidentifier in the user log, a frequency ofoccurrence
ofthe at least one query item identifier in all of the user
logs and a query weightfor the at least one query item
identifier in the query, so as to generate a user log score
for each user log based exclusively on detected user item
selections andthe at least one query item, and for deter-
mining at least one result item, responsiveto the scoring
of each user log, so as to discover a relationship based
exclusively on detected user item selections and the at
least one query item.

40. The system of claim 39, wherein the significance of
occurrence is determined by a log likelihood ratio analysis
and the recommendation engine further determines the at
least one result item responsive to the determined signifi-cance.

41. The system of claim 39, wherein the significance of
occurrence is determined by a substantial equivalent ofa log
likelihood ratio analysis and wherein the recommendation
engine further determines the at least one result item respon-
sive to the determined significance.

42. The system ofclaim 39, wherein each item is a video
track and wherein the user interface accepts item selections
by determining whichtracks are selected for playback.
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43. The system of claim 39, wherein the user interface
accepts item selections by determining which tracks are
selected for purchase.

44. The systemof claim 39, wherein each item is a music
track and whereinthe user interface accepts item selections
by determining whichtracks are selected for playback.

45. The system of claim 44, wherein the user interface
comprises an online jukebox,

46. The system ofclaim 45, wherein the online jukebox
monitors user behavior with respectto the selected items and
adjusts the user log scores responsive to the monitored user
behavior.

47, The system of claim 46, wherein the online jukebox
monitors user behavior by detecting at least one selected from
the group consisting of:

user input requesting that a selected item be repeated; and
user input requesting that a selected item be skipped; and
user input specifying a volume change; and
user input specifying that a selected item be muted.
48. The system of claim 47, further comprising:
a track list generator, coupled to the recommendation

engine, forgenerating a tracklist containing anidentifier
for each determined result item comprising a music
track.

49. The system ofclaim 44, further comprising:
a music player, coupled to the track list generator, for

playing the music tracks specified by the generated track
list.

50. The system of claim 44, further comprising:
a format scheduler, for accepting a format schedule speci-

fying music track categories for time periods; and
a track list generator, coupled to the recommendation

engine and to the format scheduler, forgenerating a track
list conformingto the format schedule and containing an
identifier for each determined result item comprising a
music track.

51. The systemofclaim 39, wherein the query inputdevice
receives a user log containing identifiers for a user’s item
selections.

52. The system ofclaim 39, wherein the query input device
receivesafirst search term, the system further comprising:

a search term generator, coupled to the recommendation
engine, for generating a second search term containing
an identifier for each determined result item and for

providing the second search term as input for a search
engine.

53. The system ofclaim 39, wherein the query input device
receivesafirst search term, the system further comprising:

a search term generator, coupled to the recommendation
engine, for generating a second search term containing
an identifier for each determined result item and for

providing the second searchtermto be addedto a search-
able portion of a document associated with the first
search term.

54. The system ofclaim 39, further comprising:
an advertisement output device, coupled to the recommen-

dation engine, for outputting an advertisementrelating
to the determined atleast one result item.

55. The system of claim 54, wherein the advertisement
output device displays at least one selected from the group
consisting of:

a web page:
a banner;
a portion ofa web page: and
an animation.
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56. The system ofclaim39, further comprising:
a notification output, coupled to the recommendation

engine, for outputting a notification relating to the deter-
mined at least one result item.

57. The systemofclaim 56, wherein the notification output
device displays at least one selected fromthe group consisting
of:

a web page:
a banner;

a portion of a web page; and
an animation.

58. The system ofclaim 56, wherein the notification output
device sends a communicationto a user.

59. A computer-readable medium comprising computer-
readable code for discovering relationships between items,
comprising:

computer-readable code adapted to accept item selections
detected froma plurality of users;

computer-readable code adaptedto generate a log for each
user, each log containing identifiers corresponding to
detected user itemselections;

computer-readable code adapted to accept a query includ-
ing at least one query item identifier:

computer-readable code adapted to score each of the user
logs, the scoring for each user log being responsive to a
frequency of occurrence ofthe at least one query item
identifier in the user log, a frequency ofoccurrence ofthe
at least one query item identifier in all of the user logs
and a query weightfor the at least one query item iden-
tifier in the query, so as to generate a user log score for
each user log based exclusively on detected user item
selections and theat least one query item;

computer-readable code adapted to determineat least one
result item, responsive to the scoring ofeachuserlog, so
as to discover a relationship based exclusively on
detected user item selections and the at least one query
item.

60. The computer-readable medium ofclaim 59, wherein a
significance of occurrence is determined by a log likelihood
ratio analysis and the determinedresult is further responsive
to the determined significance.

61. The computer-readable medium ofclaim 59, wherein a
significance of occurrence is determined by a substantial
equivalent of a log likelihood ratio analysis and the deter-
mined result is further responsive to the determined signifi-
cance.

62. The computer-readable medium of claim 59, wherein
eachitem is a video track and wherein the computer-readable
code adapted to accept item selections comprises computer-
readable code adapted to determine whichtracksare selected
for playback.

63. The computer-readable medium of claim 59, wherein
eachitemis a music track and wherein the computer-readable
code adapted to accept item selections comprises computer-
readable code adapted to determine whichtracks are selected
for playback.

64. The computer-readable medium ofclaim 63, further
comprising:

computer-readable code adapted to generate a track list
containing an identifier for each determined result item
comprising a musictrack.

65. The computer-readable medium ofclaim 64, further
comprising:

computer-readable code adapted to delete from the track
list at least one identifier corresponding to a music track
already selected by the user.
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66. The computer-readable medium ofclaim 64, further
comprising:

computer-readable code adapted to play the music tracks
specified by the generated track list.

67. The computer-readable medium ofclaim 63, further
comprising:

computer-readable code adapted to accept a format sched-
ule specifying music track categories for time periods:
and

computer-readable code adapted to generate a track list
conforming to the format schedule and containing an
identifier for each determined result item comprising a
music track.

68. The computer-readable medium of claim 63, wherein
the computer-readable code adapted to score the user logs
comprises computer-readable code adapted to determine a
frequency ofoccurrenceineachuserlog ofat least one music
track identified by the query itemidentifier.

69. The computer-readable medium of claim 63, wherein >
the computer-readable code adapted to score the user logs
comprises computer-readable code adapted to determine a
frequency ofoccurrence in eachuserlog ofat least one music
track associated with an artist identified by the query item
identifier.

70. The computer-readable medium ofclaim 59, wherein
the computer-readable code adapted to acceptitem selections
comprises computer-readable code adapted to receive input
provided by a user via a web page.

71. The computer-readable medium ofclaim 59, wherein
the computer-readable code adapted to acceptitemselections
comprises computer-readable code adapted to receive input
specifying an item purchase by a user.

72. The computer-readable medium ofclaim 59, further
comprising, computer-readable code adapted to, prior to
determinethe at least one result item, define a subset of the

scored user logs responsiveto the user log scores, the at least
one result item being determined from the subset of scored
userlogs.

73. The computer-readable medium of claim 59, further
comprising:

computer-readable code adapted to monitor user behavior
with respect to the selected items; and

computer-readable code adapted to adjust the user log
scores responsive to the monitored user behavior.

74, The computer-readable medium ofclaim 73, wherein
the computer-readable code adapted to monitor user behavior
comprises at least one selected fromthe group consisting of:

computer-readable code adapted to detect user input
requesting that a selected item be repeated:

computer-readable code adapted to detect user input
requesting that a selected item be skipped;

computer-readable code adapted todetect user input speci-
fying a volume change; and

computer-readable code adaptedto detect user input speci-
fying that a selected item be muted.

75. The computer-readable medium of claim 59, wherein
the computer-readable code adapted toaccept itemselections
comprises computer-readable code adapted to receive input
provided by a user via anapplication for playing tracks.

76. The computer-readable medium ofclaim 59, wherein
the computer-readable code adapted to accept a query com-
prises computer-readable code adapted to receive a user log
containing identifiers for a user’s item selections.

77. The computer-readable medium of claim 59, wherein
the computer-readable code adapted to accept a query com-
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prises computer-readable code adapted to receive a first
search term, the computer-readable mediumfurther compris-
ing:

computer-readable code adapted to generate a second
searchterm containing an identifier for each determined
result item.

78. The computer-readable medium of claim 77, further
comprising at least one of:

computer-readable code adapted to provide the second
search term as input for a search engine; and

computer-readable code adapted to add the second search
term to a searchable portion of a document associated
with the first search term.

79. The computer-readable medium of claim 59, further
comprising:

computer-readable code adapted to periodically upload the
generated log.

80. The computer-readable medium of claim 59, further
comprising:

computer-readable code adapted to output an advertise-
ment relating to the determined at least one result item.

81. The computer-readable medium of claim 80, wherein
the computer-readable code adapted to output an advertise-
ment comprises computer-readable code adaptedto display at
least one selected from the group consisting of:

a web page;
a banner;
a portion of a web page; and
an animation.

82. The computer-readable medium ofclaim 59, further
comprising:

computer-readable code adapted to output a notification
relating to the determined atleast one result item.

83. The computer-readable medium ofclaim 82, wherein
the computer-readable code adapted to output a notification
comprises computer-readable code adapted to display a web
page.

84. The computer-readable medium of claim 82, wherein
the computer-readable code adapted to output a notification
comprises computer-readable code adapted to send a com-
municationto a user.

85. The computer-readable medium ofclaim 84, wherein
the computer-readable code adapted to send a communica-
tion to a user comprises at least one selected from the group
consisting of:

computer-readable code adapted to transmit an electronic
mail messageto the user;

computer-readable code adaptedto telephonethe user; and
computer-readable code adapted to send a direct mail item

to the user.

86. The computer-readable medium of claim 59, wherein
the determined result is responsive to a significance of the
occurrence of the item inat least a subset ofthe scored user

logs, and wherein the computer-readable code adapted to
determine a determined at least one result item comprises
computer-readable code adapted to determine the result by a
log likelihood ratio analysis submethod.

87. The computer-readable medium of claim 86, wherein
the computer-readable code adapted to determine the result
by a log likelihood ratio analysis submethod comprises:

computer-readable code adapted to determinea total num-
ber of users N;

computer-readable code adapted to determine a number of
users N, ina subsetofusers;

computer-readable code adapted to determine a numberof
users N, not in the subset of users;
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computer-readable code adapted to determine a number of
users k,, in the subsetthat selected the item;

computer-readable code adapted to determine a number of
users k,, not in the subset that selected the item;

computer-readable code adapted to determine a numberof
users k,,=N,-k,, in the subset that did not select the
item;

computer-readable code adapted to determine a number of
users k,.=N.-k, , notin the subset that did not select the
item; and

computer-readable code adapted to determinea log likeli-
hoodratio for the item.

88. The computer-readable medium of claim 87, wherein
the log likelihoodratio is defined as:

Tj
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where: my = wr hie N°i :

89. The computer-readable medium of claim 86, wherein
the computer-readable code adapted to determine the result
by a log likelihood ratio analysis submethod further com-
prises:

computer-readable code adapted to adjust at least one of
the n,, values responsivetoatleast one selected fromthe
group consisting of:

the number of occurrences ofthe itemin a user log;
the logarithm ofthe numberofoccurrences of the item ina

user log;
the numberofoccurrences of the item inall user logs:
the logarithmofthe total numberof users divided by the

numberofusers who have selected the item; and

a normalizing factor.
90. The computer-readable medium of claim 89, wherein

the normalizing factoris

l
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where S,is a weight based on the number ofoccurrences of
the itemin all user logs and W,, is a weight based on the
number of occurrences of the item in a particular user log.

91. The computer-readable medium of claim 59, further
comprising:

computer-readable code adapted to delete from the deter-
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selected by a user associated with the query.

92. The computer-readable medium of claim 59, further
comprising:

computer-readable code adapted to rank the at least one
result item responsive to a degree ofsignificance.

93. A computer-readable medium comprising computer-
readable code for discovering a relationship betweena first
item and a second item, comprising:

computer-readable code adapted to determine, in a com-
puter, a total numberof item groups N:
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computer-readable code adapted to determine, in the com-
puter, a numberof item groups N, in a subset of item
groups, the subset of item groups being defined as
including those item groups that contain a second item;

computer-readable code adapted to determine,in the com-
puter, a numberof item groups N, notin the subset of
item groups;

computer-readable code adapted to determine, in the com-
puter, a number of item groups k,, in the subset that
contain the first item;

computer-readable code adapted to determine, in the com-
puter, a numberof item groups k,, not in the subsetthat
containthe first item;

computer-readable code adapted to determine, in the com-
puter, a numberofitem groups k,,=N,-k,, inthe subset
that do not containthe first item:

computer-readable code adapted to determine, in the com-
puter, a numberof item groups k,,=N.,-k,, not in the
subset that do not containthefirst item;

computer-readable code adaptedto determine,in the com-
puter, a log likelihood ratio; and

computer-readable code adapted to generate, based on the
log likelihood ratio, a representation of the relationship
betweenthe first item and the second item.

94. The computer-readable medium of claim 93, wherein
the log likelihood ratio is defined as:

) kylog~!* Hy

where:
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95. The computer-readable medium of claim 93, wherein
each item group comprises a document.

96. The computer-readable medium ofclaim 93, further
comprising:

computer-readable code adapted to adjust, in the computer,
at least one ofthe k,, values responsive to at least one
selected from the group consisting of:
the number of occurrences of the item in a document;

the logarithm ofthe numberofoccurrences of the itemin
a document;

the numberofoccurrences of the item in all documents:
the logarithm ofthe total number ofdocuments divided

by the number ofdocumentsthat include the item; and
a normalizing factor.

97. The computer-readable mediumof claim 96, wherein
the normalizing factoris

1
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where S, represents the number ofoccurrencesofthe item in
all documents and W,, represents the numberofoccurrences
of the item in a particular document.
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