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(57) Abstract: Systems and methods are provided
for personalizing new song suggestions for a user. A
plurality of users provides thumbs up and thumbs
down ratings for a pair of songs (song A and B). A
first aggregate rating for song B is calculated based
on ratings given to song A by all of the users that
gave a like rating to song A. Similarly, a second ag-
gregate rating is calculated for song B based on rat-
ings given to song B by all users that gave a dislike
rating to song A. Then a user that has not previously
rated song B, supplies a rating for song A. A predic-
tion is performed of how the user will rate song B
based on the user's rating of song A. For example,
the first aggregate rating for song B is used if the
user rated song A positively.
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System and Method of Personalizing Playlists Using Memory-
Based Collaborative Filtering

TECHNICAL FIELD

[0001] The disclosed embodiments relate generally to systems and methods for using
memory-based collaborative filtering to generate personalized playlists. These systems and
methods also select an individual media content item (such as a song) for playback by a user.
The playlist or individual media content item is selected based on the user’s input regarding
other media content items and based on the input of other users who have rated the other

media content items similarly to the user.
BACKGROUND

[0002] People typically listen to digital music by manually selecting a song or album
to listen to. Users may also create a playlist of songs from a variety of albums. Both of these
methods, however, require the user to have a copy of the music to play. As users typically do
not have an unlimited collection of music, their selection and playback of songs is limited.
Some online services exist where users can either purchase individual songs or albums, or
purchase a monthly subscription to a pool of music. These services, however, still require the

user to manually identify songs for playback.

[0003] As it takes time and effort to select songs and albums or to create playlists,
many users still choose to listen to broadcast radio stations where someone else manually
selects the programming. For example, a commercial “lite rock” FM radio station may
review “lite rock” songs, which are manually selected for playback. Such broadcast radio
stations, however, cater to large groups of listeners, and, as such, are not customized for

individual users.

[0004] Accordingly, users typically have to choose between a more individualized
listening experience that requires manually identifying and selecting music for playback, or
the less individualized listening experience of radio that does not require the user to select

songs for playback.
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SUMMARY

[0005] Given the above disadvantages, it would be advantageous to provide methods
and systems for automatically generating playlists for a user from a large library of songs,
where the generated playlist takes into account the user’s preferences without limiting the
user to songs he/she owns or has manually selected. Moreover, it would be advantageous to
provide methods and systems for scoring and/or selecting media content items which the user
is likely to prefer based on input the user has provided about other media content items and to
take advantage of input received from other users who have similar tastes to the user. For
example, a system and method which provides songs that other users with similar tastes have
preferred would be advantageous. For example, the system could provide information such
as “users who also liked song A liked song B.” Also, for example the system could provide
information such as “users who also didn’t like song C liked song D.” Additionally, the
system and method could allow a user to opt in to receive recommendations from people
more like themselves, such as users with similar song (or other media content item) scoring
tendencies. Alternatively or additionally, it would be advantageous to provide methods and
systems for suggesting or playing a song which the user has not rated or listened to
previously based on ratings of that song by people who have similar tastes to the user. It
would be advantageous if this suggestion of a new unrated song (or other media content item)

could be prepared for playback in real time in response to a user’s request.

[0006] The following presents a summary of the invention in order to provide a basic
understanding of some of the aspects of the invention. This summary is not an extensive
overview of the invention. It is not intended to identify key/critical elements of the invention
or to delineate the scope of the invention. Its sole purpose is to present some of the concepts
of the invention in a simplified form as a prelude to the more detailed description that is

presented later.

[0007] Some embodiments provide a computer-implemented method of personalizing
playback of media to a user. The method is performed on a server system having one or
more processors and memory storing one or more programs for execution by the one or more
processors to perform the method. A plurality of users each provide like or dislike ratings for
at least a first pair of media content items (e.g., songs.) The pair of media content items
include a first media content item (e.g., song A) and a second media content item (e.g., song

B). A first aggregate rating for the second media content item (e.g., song B) is calculated
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based on ratings given to the second media content item by all of the users (e.g., listener of a
particular channel) that gave the first media content item a like rating (e.g., song B’s score in
a song A “like matrix”). In some embodiments, the first aggregate rating for the second
media content item is also based on the total number of users that gave the first media content
item a like rating and gave the second media content item any rating. As explained in more
detail in the description of embodiments section, a like rating may be a binary rating such as
“thumbs-up” and a dislike rating may be a binary rating like a “thumbs down.” A second
aggregate rating is calculated for the second media content item based on ratings given to the
second media content item by all users that gave the first media content item a dislike rating
(e.g., song B’s score in the song A “dislike matrix”). In some embodiments, the second
aggregate rating for the second media content item is also based on the number of users that
gave the first media content item a dislike rating and gave the second media content item any
rating. A user that has not previously rated the second media content item (e.g., song B),
supplies a rating for the first media content item (e.g., song A). Then, a prediction is
performed of how the user will rate the second media content item (e.g., song B) based on the
user’s rating of the first media content item and either the first aggregate rating for the second
media content item or the second aggregate rating for the second media content item. For
example, if the user liked song A it is predicted that the user would give song B a score
similar to the first aggregate rating for song B. In other words, the user’s likely score for
song B is predicted to be the average score given to song B by other users who also liked
song A, (e.g., the score for song B in the song A like matrix). Then upon predicting that the
user will rate the second media content item (e.g., song B) above a first threshold, the second

media content item is prepared for playback.

[0008] In some embodiments, more than one song rating is used to predict the user’s
rating of an unrated song. For instance, a plurality of users each provide like or dislike
ratings for at least a second pair for media content items. The second pair of media content
items comprise a third media content item (e.g., song C) and the second media content item
(e.g., song B). It is noted that in some embodiments the plurality of users providing like or
dislike ratings for at least the second pair for media content items is the same plurality of
users that provided like or dislike ratings for the first pair of media content items. However,
in other embodiments these two groups of users providing like or dislike ratings for the pairs
of media content items are not identical. A third aggregate rating for the second media

content item (e.g., song B) is calculated based on ratings given to the second media content
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item by all users that gave the third media content item a like rating (e.g., song B’s score in
the song C like matrix). In some embodiments, the third aggregate rating for the second
media content item is also based on the number of users that gave the third media content
item a like rating and the second media content item any rating. A fourth aggregate rating for
the second media content item (e.g., song B) is calculated based on ratings given to the
second media content item by all users that gave the third media content item a dislike rating
(e.g., song B’s score in the song C dislike matrix). In some embodiments, the fourth
aggregate rating for the second media content item is also based on the number of users that
gave the third media content item a dislike rating and the second media content item any
rating. A user that has not previously rated the second media content item (e.g., song B),
supplies a rating for the third media content item (e.g., song C). Then a prediction is
performed of how the user will rate the second media content item based on the user’s rating
of the first media content item (e.g., song A) and either the first aggregate rating for the
second media content item or the second aggregate rating for the second media content item,
and the user’s rating of the third media content item (e.g., song C) and either the third
aggregate rating for the second media content item and fourth aggregate rating for the second
media content item. For example, if the user liked song A and didn’t like song C then it is
predicted that the user would give song B a score similar to the first aggregate rating for song
B combined with the fourth aggregate rating of song B. In other words, the user’s likely
score for song B is predicted to be the average score given to song B by other users who also
liked song A combined with the average score given to song B by other users who also
disliked song C, (e.g., the score for song B in the song A like matrix combined with the score
for song B in the song C dislike matrix). Then upon predicting that the user will rate the
second media content item above a second threshold, the second media content item is

prepared for playback.

[0009] Similarly, if the user has rated an additional media content item (e.g., song D),
then a prediction of how the user will rate the second media content item (e.g., song B) is
based on: (1) the user’s rating of the first media content item (e.g., song A) and either the first
aggregate rating for the second media content item or the second aggregate rating for the
second media content item; (2) the user’s rating of the third media content item (e.g., song C)
and either the third aggregate rating for the second media content item and fourth aggregate
rating for the second media content item; and (3) the user’s rating of the additional media

content item (e.g., song D) and either a fifth or sixth aggregate rating for the second media
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content item (where the fifth and sixth aggregate ratings are the ratings for song B in the song

D like and dislike matrix respectively.)

[0010] Some embodiments provide a server system comprising one or more central
processing units, CPU(s), for executing programs and also includes memory sorting the
programs to be executed by the CPUs. The programs include instructions to perform any or

all portions of the aforementioned method of personalizing playback of media to a user.

[0011] Yet other embodiments provide a computer readable storage medium storing
one or more programs configured for execution by a computer. The programs include
instructions to perform any or all portions of the aforementioned method of personalizing

playback of media to a user.

[0012] These methods, systems, and computer readable storage mediums provide
new, less cumbersome, more efficient ways to predict how a user will rate an unrated media
content item. As such, they also provide new ways to prepare lists of scored media content
items which are used to prepare a media content item for playback which the user will likely
enjoy. Other details, features and advantages of embodiments of the invention will become

apparent with reference to the following detailed description and figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For a better understanding of the aforementioned aspects of the invention as
well as additional aspects and embodiments thereof, reference should be made to the
Description of Embodiments below, in conjunction with the following drawings in which like

reference numerals refer to corresponding parts throughout the figures.

[0014] Figure 1 is a block diagram illustrating an exemplary operating system, in

accordance with some embodiments.

[0015] Figure 2 is a block diagram illustrating an exemplary server system suitable

for implementing some embodiments.

[0016] Figure 3A is a flow chart representing an exemplary overview of a method
used to calculate aggregate ratings for items from feedback on pairs of items received from a

plurality of users, in accordance with some embodiments.
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[0017] Figure 3B is a flow chart representing an exemplary overview of a method
used to predict how a user will rate an unrated item based on one or more of the user’s ratings

of other items, in accordance with some embodiments.

[0018] Figure 4A is block diagram illustrating an example of calculating and storing
aggregate ratings for exemplary items based on feedback for item pairs received from a
plurality of users as described in Figure 3A (e.g., the aggregate ratings of songs C and D

being stored item A like and dislike matrixes).

[0019] Figure 4B is block diagram illustrating another example of calculating and
storing aggregate ratings for exemplary items based on feedback for item pairs received from
a plurality of users described in Figure 3A (e.g., aggregate ratings for numerous item pairs

being stored in a single like matrix).

[0020] Figure 4C is block diagram illustrating another example of calculating and
storing aggregate ratings for exemplary items based on feedback for item pairs received from
a plurality of users described in Figure 3A (e.g., aggregate ratings for numerous item pairs

being stored in a single dislike matrix).

[0021] Figure 5A is block diagram illustrating an examples of predicting an aggregate
rating for a user’s unrated item based on a user’s rating of another item as described in Figure
3B (e.g., arating for song C is predicted based user 10’s like rating of song A, and a rating

for song D is predicted based on user 11°s dislike rating of song A.)

[0022] Figure 5B is block diagram illustrating an example of predicting an aggregate
rating for a user’s unrated item based on one or more of the user’s other ratings as described
in Figure 3B (e.g., a rating for song C is predicted based user 10’s like rating of song A and
dislike rating of song B, and similarly a rating for song D is predicted based on user 10’s like

rating of song A and dislike rating of song B.)

[0023] Like reference numerals refer to corresponding parts throughout the drawings.
DESCRIPTION OF EMBODIMENTS

[0024] Reference will now be made in detail to embodiments, examples of which are
illustrated in the accompanying drawings. In the following detailed description, numerous
specific details are set forth in order to provide a thorough understanding of the present
embodiments. However, it will be apparent to one of ordinary skill in the art that the various

embodiments may be practiced without these specific details. In other instances, well-known
-6-
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methods, procedures, components, and networks have not been described in detail so as not

to unnecessarily obscure aspects of the embodiments.

[0025] It will also be understood that, although the terms first, second, efc. may be
used herein to describe various elements, these elements should not be limited by these terms.
These terms are only used to distinguish one element from another. For example, a first
element could be termed a second element, and, similarly, a second element could be termed
a first element, without changing the meaning of the description, so long as all occurrences of
the first element are renamed consistently and all occurrences of the second element are
renamed consistently. The first element and the second element are both elements, but they

are not the same element.

[0026] The terminology used in the description of the embodiments herein is for the
purpose of describing particular embodiments only and is not intended to be limiting of the
claims. As used in the description of the embodiments and the appended claims, the singular

(13 2% ¢
a

forms an,” and “the” are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will also be understood that the term “and/or” as used herein
refers to and encompasses any and all possible combinations of one or more of the associated
listed items. It will be further understood that the terms “comprises” and/or “comprising,” as
well as the terms “includes” and/or “including” when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other features, steps, operations,

clements, components, and/or groups thereof.

[0027] As used herein, the term “if”” may be construed to mean “when” or “upon” or
“in response to,” depending on the context. Similarly, the phrase “if it is determined” or “if
(a stated condition or event) is detected” may be construed to mean “upon determining” or
“in response to determining” or “upon detecting (the stated condition or event)” or “in

response to detecting (the stated condition or event),” depending on the context.

[0028] Figure 1 is a block diagram illustrating an exemplary system 100 that may be
used to implement embodiments of the invention. A plurality of user terminals 102 (e.g., one
or more portable devices 104 such as a cell phones, portable music players, vehicle music
players, tablets, laptops, etc) (and/or e.g., stationary devices 106 such as desk top computers,
fixed media systems, personal or group networks, etc) are coupled via one or more

communication networks 110 to a server system 103 including a playlist server 108 and

-7-
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content server 118. It is noted that a plurality of user terminals may be associated with one
user’s account. Furthermore, the server system 103 is capable of communicating with
numerous users simultaneously. In some embodiments, the playlist server 108 and the
content server 118 are components of a single server 103, which performs all functions of the
playlist server 108 and the content server 118. The terminals 102, playlist server 108, and
content server 118, each comprise one or more processing units (CPU’s), one or more
network or other communications interfaces, memory, and one or more communication buses
for interconnecting these components to other conventional electronic components and may
be programmed with processor-executable instructions to facilitate communication via

network 110 and perform various aspects of the below describe embodiments.

[0029] In some embodiments, one or more of the user terminals 102 have a user
interface comprising a display device, an input mechanism such as a keyboard or voice
activated input mechanism, a media playing mechanism (such as a speaker or an audio-out
jack), and optionally a GPS system. In some embodiments, the input mechanism of one of
the terminals 102 is used to receive feedback associated with a user, such a user’s as ratings

of items (like songs).

[0030] In some embodiments, a user provides a media input seed. In some
embodiments, a media input seed is a song that the user selects to start an automatically
generated user specific playlist or a station that plays songs related to the media input seed
(e.g., the song) selected. In other embodiments, the media input seed is an artist’s name, a
genre, an album name, a composer name, a lyricist name, a director name, a movie title, a

producer name, a TV station name, a DJ name; and the like.

[0031] In some embodiments, the one or more of the user terminals’ 102 interfaces
enables a user to interact with the server system 103. The user interfaces may allow a user to
utilize a variety of functions, such as displaying information from the server system 103,
requesting additional information from server system 103, customizing local and/or remote
aspects of the system, and controlling local and/or remote aspects of the system as described
in U.S. Pat. Pub. No. 2006/0212442, incorporated herein by reference. In some
embodiments, user terminals 102 are operated in a client-server configuration to permit a user
to retrieve web pages from the server system 103. Furthermore, any of various conventional
web browsers can be used to display and manipulate data on the web pages. In yet other

embodiments, TV equipment, audio equipment, DVD players, and the like are utilized as user
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terminals. As such, the users have various mechanisms with the ability to provide feedback,

such as ratings regarding songs or other items provided to them by the server system.

[0032] Memory used by any of terminals 102, playlist server 108, and content server
118 includes high-speed random access memory, such as DRAM, SRAM, DDR RAM or
other random access solid state memory devices; and may include non-volatile memory, such
as one or more magnetic disk storage devices, optical disk storage devices, flash memory
devices, or other non-volatile solid state storage devices. Memory optionally includes one or
more storage devices remotely located from the CPU(s). In some embodiments, memory, or
alternately the non-volatile memory device(s) within memory, comprises a non-transitory
computer readable storage medium (as explained in more detail for the playlist server 108

and content server 118 with respect to Figure 2.)

[0033] One skilled in the art will appreciate that the network 110 is not limited to a
particular type of network. For example, the network 110 may feature one or more wide arca
networks (WANS), such as the Internet. The network 110 may also feature one or more local
arca networks (LANs) having one or more of the well-known LAN topologies and the use of
a variety of different protocols on these topologies, such as Ethernet, TCP/IP, Frame Relay,
Ethernet, FTP, HTTP and the like, is presumed. Moreover, the network 110 may feature a
Public Switched Telephone Network (PSTN) featuring land-line and cellular telephone
terminals, LTE, GSM, CDMA and other mobile data networks, or else a network featuring a
combination of any or all of the above. The user terminals 102, (e.g., 104 and/or 106) may be
coupled to network 110 via, for example, twisted pair wires, coaxial cable, fiber optics,

electromagnetic waves or other media.

[0034] In some embodiments playlist server 108 contains a database of items 112,
including a plurality of channels, each containing a list of media content items as explained
U.S. Pat. App. No. 13/647,993, incorporated herein by reference. The playlist server 108 also
stores playlists associated with one or more users. In some embodiments, the playlist server
108 does not contain the database of items 112, as illustrated here, but is instead coupled to a
separate database of items 112. For example, playlist server 108 may be coupled to a
“MUSIC GENOME PROJECT” database as described in Applicant’s U.S. Pat. No.

7,003,515 incorporated herein by reference in its entirety, as well as a variety of other
databases containing channels of media content items. In some embodiments, the playlist
server 108 also contains or is coupled to a matching engine 114. The matching engine 114

utilizes an associated set of search and matching functions to operate on the database of items
-9-
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112 as described in Applicant’s U.S. Pat. No. 7,962,482, which is incorporated herein by
reference in its entirety. For example, in one embodiment the matching engine 114 is utilized
with the “MUSIC GENOME PROJECT” database, and the matching engine 114 utilizes
search and matching functions implemented in software or hardware to effectively calculate
the “distance” between a source song and other songs in the database (as described in U.S.
Pat. No. 7,003,515), and then sorts the results to yield an adjustable number of closest

matches.

[0035] In some embodiments, the playlist server 108 also contains or is coupled to an
aggregate rating engine 126. The aggregate rating engine 126 is used to calculate aggregate
ratings for items, such as media content items and then use the aggregate ratings to provide a
user with a personalized recommendation. In some embodiments, the aggregate rating engine
126, is utilized to prepare a playlist of media content items. The aggregate ratings can be
used to create a personalized channel of media content items which can be used conjunction
with a plurality of channels to provide personalized recommendations using various methods,
selection functions, and weighing various factors as explained in more detail with respect to

U.S. Pat. App. No. 13/647,993, incorporated herein by reference.

[0036] In some embodiments, the content server 118 contains a database of media
content items 120. In other embodiments, the content server 118 is wholly or partially
integrated with playlist server 108. In some embodiments, the playlist server 108 does not
contain the database of media content items 120 but is separately coupled to the database of
media content items 120. The content server 118 may also contain or be coupled to a content
engine 122. The content engine 122 utilizes an associated set of management functions 124,
such as standard finding, packaging and sending functions, to operate on the database of
content items 122. In one embodiment of the invention, for example, content engine 122
utilizes management functions implemented in software or hardware to control the
transmission of media content items by, for example, streaming and/or downloading the

media items to user terminals 102.

[0037] Figure 2 is a block diagram illustrating an exemplary server system 103
suitable for implementing some embodiments. The server system 103 typically includes one
or more processing units (CPU’s) 202, one or more network or other communications
interfaces 204, memory 210, and one or more communication buses 212 for interconnecting
these components. The communication buses 212 optionally include circuitry (sometimes

called a chipset) that interconnects and controls communications between system
-10 -
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components. The server system 103 optionally includes a user interface 205 comprising a
display device 206 and an input mechanism 208 (such as keyboard). Memory 210 includes
high-speed random access memory, such as DRAM, SRAM, DDR RAM or other random
access solid state memory devices; and may include non-volatile memory, such as one or
more magnetic disk storage devices, optical disk storage devices, flash memory devices, or
other non-volatile solid state storage devices. Memory 210 optionally includes one or more
storage devices remotely located from the CPU(s) 202. Memory 210, or alternately the non-
volatile memory device(s) within memory 210, comprises a non-transitory computer readable
storage medium. In some embodiments, memory 210 or the computer readable storage
medium of memory 210 stores the following programs, modules and data structures, or a
subset thereof:

e an operating system 214 that includes procedures for handling various basic system

services and for performing hardware dependent tasks;

e anetwork communication module 216 that is used for connecting the server system
103 to other computers via the one or more communication network interfaces 204
(wired or wireless) and one or more communication networks, such as the Internet,

other wide area networks, local area networks, metropolitan area networks, and so on;
o aplaylist server 108 which contains or is coupled to:
o a database of items 112, including:

= aplurality of channels 218, each containing a list of media content
items and their associated channel specific scores, as described in more
detail with respect to U.S. Pat. App. No. 13/647,993 (incorporated

herein by reference); and

= aplurality of playlists 220, wherein in some embodiments the stored
playlists include received or aggregated ratings associated with various
media content items on the playlist obtained or calculated as described

with respect to Figures 3A and 3B;

o amatching engine 114 that utilizes an associated set of search and matching
functions 116 to operate on the database of items 112 as described in U.S. Pat.

No. 7,962,482 (incorporated herein by reference);

o an aggregate rating engine 126 for to calculating aggregate ratings of items,

such as media content items, and then utilizing the aggregate ratings to
-11 -
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provide a user with a personalized recommendation of items the user has not

previously rated using various modules including:

a rating pair receipt module 222 for obtaining or receiving feedback in
the form of ratings of pairs of items from a plurality of users the rating
are stored in a listener ratings database 223 such as the listener song

matrix 402 as shown in Figure 4A;

an aggregate rating calculation module 224 for calculating aggregate
ratings for the pairs of items (for example, an aggregated rating of one
item in a pair is calculated based on positive ratings of another item in
the pair from a plurality of users). These aggregated calculations are
stored in an item ratings database 225, such as the thumbs up matrix
404 or the thumbs down matrix 406 shown in Figure 4A) In some
embodiments, the items ratings database 225 is combined with the

listener ratings database 223 to form a general ratings database;

a rating receipt module 226 for receiving a single rating from a user
(for example, the user provides a rating of only one item of an item
pair). In some embodiments, the rating receipt module 226 is a part of
the rating pair receipt module 222 (forming a single ratings receipt
module) and the single user rating is stored in the listener ratings
database 223 associated with the user’s ratings (such as the listener-

song rating matrix 402 shown in Figure 5A);

an aggregate rating prediction module 228 for predicting how a user
will rate an unrated item based on the user’s rating of at least one other
item (as explained in more detail with respect to Figure 3B). In some
embodiments, aggregate ratings are also stored in the listener ratings
database 223 (such as the listener-song matrix 402 shown in Figure

5B); and

a recommendation module 230 for utilizing rating prediction scores
from the prediction module 228 to provide a user personalized
recommendation, such as preparing a new item for playback if the

predicted rating is above a threshold;
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e acontent server 118 which is wholly or partially integrated with playlist server 108

and contains or is coupled to:

o a database of media content items 120, including the media files to be sent to
the user for play (audio, audiovisual etc) and any content associated with the

media content items; and

o a content engine 122 which utilizes an associated set of management functions
124, such as standard finding, packaging and sending functions, to operate on
the database of content items 122 to control the transmission of media content

items by, for example, streaming and/or downloading to user terminals (Figure

1, 102).

[0038] Each of the above identified elements is typically stored in one or more of the
previously mentioned memory devices, and corresponds to a set of instructions for
performing a function described above. The above identified modules or programs (i.e., scts
of instructions) need not be implemented as separate software programs, procedures or
modules, and thus various subsets of these modules may be combined or otherwise re-
arranged in various embodiments. In some embodiments, memory 210 stores a subset of the
modules and data structures identified above. Furthermore, memory 210 may store additional

modules and data structures not described above.

[0039] Although Figure 2 shows a server system 103, Figure 2 is intended more as
functional description of various features present in a set of servers than as a structural
schematic of the embodiments described herein. In practice, and as recognized by those of
ordinary skill in the art, items shown separately could be combined and some items could be
separated. For example, some items shown separately in Figure 2 could be implemented on
single servers and single items could be implemented by one or more servers. The actual
number of servers used to implement the server system 103 and how features are allocated
among them will vary from one implementation to another, and typically depend in part on
the amount of data traffic that the system must handle during peak usage periods as well as

during average usage periods.

[0040] Figure 3A is a flow chart representing an exemplary overview of a method
(300) used to calculate aggregate ratings for items from feedback on pairs of items received

from a plurality of users, in accordance with some embodiments. The method (300) is
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executed by, for example, the system depicted in Figures 1 and 2. Method (300) is typically
governed by instructions that are stored in a computer readable storage medium and that are
executed by one or more processors of one or more servers system 103. Each of the
operations that are shown in Figure 3A typically corresponds to instructions stored in a
computer memory or non-transitory computer readable storage medium. The computer
readable storage medium typically includes a magnetic disk storage device, solid state storage
devices such as Flash memory, or other non-volatile memory device or devices. The
computer readable instructions stored on the computer readable storage medium are stored in
source code, assembly language code, object code, or any other suitable instruction format
that can be interpreted by one or more processors. Specifically, many of the operations
shown in Figure 3A correspond to instructions in various modules of the playlist server 108
especially the aggregate rating engine 126 and/or content server 118 of the server system 103

shown in Figure 2.

[0041] The server system 103 (Figure 1) collects feedback from a plurality of users
for a plurality of items and uses it to perform various functions. Feedback regarding any two
items collected from the same user can be considered a pair of items. As such, in
embodiments described herein a first pair of items will be described. However, it is noted
that it many instances many users provide feedback for numerous pairs of items.
Furthermore, the interaction between feedback provided for numerous pairs of items will be
described herein. As such, the method (300) first includes collecting feedback from a
plurality of users for a first pair of items (302). It is noted that a pair of items is sometimes
referred to herein as a rating pair, or a song pair framework. In some embodiments, the
collection of feedback includes receiving from a plurality of users ecither a like or a dislike

rating for each item in at least a first pair of items.

[0042] It is noted that the items, for which the feedback is collected, can include
media content items such as songs, vocal performances, instrumental performances, audio
recordings, videos, movies, slide show, animations, lectures, media files, or other
presentations of information that typically include at least an audio component and may
include a video component. Items can also include things other than media content items
such as strictly visual items, products, or reviews of services, etc. In this disclosure, the
methods are explained with reference to media content items, often specifically with

reference to songs. However, it should be noted that it is possible to use the methods
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described herein in contexts other than the media content items or songs described herein as

examples.

[0043] It is also noted that the feedback collected from the plurality of users (302) can
include a variety of information such as explicit or implicit rating of each item. For example,
it may include an explicit binary rating, such as a “thumbs up/thumbs down” or “+1/-1” or
“smile face/sad face” etc. For example, the user has clicked on a “thumbs up” icon (or
thumbs down icon) while listening to that song on an internet radio station. Other explicit
ratings may be non-binary such as a range of scores, such as a numerical rating (e.g., rating
ranges of: 1-5, 1-10, or 1-100) or similarly a certain number of “stars”, “smiles”, or other
indication of approval or disapproval. Furthermore, some ratings may be implicit such as
“skipping” a song provided on a play list on an internet radio station means that it is disliked.
In some embodiments when the provided ratings is not binary, the foedback 1s classified nto
negative and positive before proceeding with the below described method. For exaraple, in
some embodiments the ratings receipt module 226 and/or rating pair receipt moduie 222
perform the classification of non-binary ratings to negative and positive ratings. In some
embodiments when the provided ratings is not binary, the feedback is converted into a binary
format before proceeding with the below described method. For example, in some
embodiments the ratings receipt module 226 and/or rating pair receipt module 222 perform

the conversion of non-binary ratings to binary ratings.

[0044] The method (300) described herein provides a description of how ratings of
some items are used to calculate aggregate ratings for other items. However, it is noted that
in some embodiments, in addition to ratings of the items, the feedback also includes
contextual information associated with the item (304). For example, the feedback may be
specific to the station on which the rated song was/is playing. In some embodiments, the
calculated aggregated ratings described herein are specifically related to feedback context. In
some embodiments, only the like and dislike ratings received from the plurality of users on a
first station, associated with a common media input seed, are used to calculate aggregate
ratings related to that first station. This first station may be associated with a media input
seed such as a song name, an artist name, an album name, a composer, a genre, or the like.
For example, in some instances only the like and dislike ratings for songs on the “Adele”
station are used to calculate aggregate song ratings for other songs on the “Adele” station.
Similarly, other contextual information collected at 304 may be used to limit and thus more

accurately provide personalized aggregate ratings. Furthermore, in other embodiments
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contextual information will be used to augment aggregated ratings and/or used to influence a
final selection of a media content item for playback. In other embodiments, the aggregate
ratings and/or selection of a media context item for playback does not take into account
contextual information. While the exemplary method (300) focuses on how feedback ratings
are used regardless of whether contextual information is used (or not), a brief listing of

contextual information is provided below.

[0045] Examples of contextual information include, but are not limited to, the station
on which the current song is playing, the song played immediately prior to the current song,
the artist of the song playing immediately prior to the current song, one or more
musicological characteristics of the prior song(s), the artist of the current song, the album
containing the current song, time of day, day of week, calendar day (i.e., date), location of
user (e.g., work, home, car, zip code, country, etc.), and user demographics (e.g., age,
gender). Some contextual information may be related to the current song in the context of
extrinsic factors, such as location of user (i.e., geography), user demographics, and/or time
period (e.g., time of day, day of week, calendar date). Meanwhile, some contextual
information may be related to the current song in the context of at least one of the following:
particular artist, particular album, and/or particular station. In addition, some contextual
information may be related to the current song in the context of a second content item (e.g.,
an immediately prior song). Moreover, some contextual information may be related to the
current song in the context of characteristics of a second content item (e.g., characteristics of
an immediately prior song such as treble, bass, vocals, etc.). Various other types of
contextual information will be clear to one of skill in the art after thorough review of the

entirety of the disclosure.

[0046] In some embodiments, collection of feedback (302) is performed only when
feedback for a particular item reaches a threshold. For example, in some embodiments, like
and dislike ratings are collected only when at least a threshold number of ratings have been
collected for a particular . The threshold may be N, where N is a positive integer. In some

embodiments N is at least 10, N is at least 20, or N is at least 50.

[0047] After feedback is collected from a plurality of users for a first pair of items
(302), including a first item and a second item, an aggregate rating for the second item is
calculated and stored based on the positive ratings of the first item (306). Specifically, in
some embodiments, calculating this (first) aggregate rating for a second media content item is

based on ratings given to the second media content item by all users that gave a first media
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content item a like rating. In some embodiments, this aggregate rating is also based on the
number of users that rated the first pair of items, or more precisely it is based on the number
of users that gave the first item a positive rating, such as a like rating, and gave the second

media content item any rating, such as a like or dislike rating (308).

[0048] Furthermore, it is noted that in some embodiments, before the aggregate rating
for the second item is calculated, a determination is made that the first pair of items have
been rated at least a threshold number of times (310). For example, in some embodiments, an
aggregate score for the second song is calculated only when a first song pair, which includes
the second song, has been rated on a particular station at least a threshold number of times.
The threshold may be M, where M is a positive integer. In some embodiments M is at least
5, Mis at least 10, or M is at least 20. For an exemplary illustration of calculating and
storing aggregate ratings for one item in a pair of items based on positive ratings of the other
item in the pair of items see Figure 4B, which illustrates aggregate ratings for numerous item

pairs being stored in a single like matrix.

[0049] Furthermore, after feedback is collected from a plurality of users for a first
pair of items (302), including a first item and a second item, an aggregate rating for the
second item is calculated and stored based on negative ratings of the first item (312).
Specifically, in some embodiments, calculating this (second) aggregate rating for the second
media content item is based on ratings given to the second item by all users that gave a first
item a dislike rating. The aggregate ratings for the second item are not necessarily negative
just because the first item had a negative rating. In some embodiments, the aggregate rating
of the second item falls between a range of 0 and 1. For example, it is possible that many
people who give “Gravity” a dislike rating may give “Chasing Pavements” a like rating. It is
noted that step (312), can be performed before, after, or at the same time as the step (306).
Although not explicitly illustrated for space and clarity reasons, the other details described in
step (306) are also true in step (312). Specifically, in some embodiments, this aggregate
rating is also based on the number of users that rated the first pair of items, or more precisely
it is based on the number of users that gave the first item a negative rating, such as a dislike
rating, and gave the second media content item any rating , such as a like or dislike rating.
Furthermore, it is noted that in some embodiments, before the aggregate rating for the second
item is calculated, first a determination is made that the first pair of items have been rated at
least a threshold number of times. For example, in some embodiments, an aggregate score

for the second song is calculated only when a first song pair, which includes the second song,
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has been rated on a particular station at least a threshold number of times. The threshold may
be M, where M is a positive integer. For an exemplary illustration of calculating and storing
aggregate ratings for one item in a pair of items based on negative ratings of the other item in
the pair of items see Figure 4C, which illustrates aggregate ratings for numerous item pairs

being stored in a single dislike matrix.

[0050] In some embodiments, the method of steps (302) to (312) described above, is
performed for media content items as follows. A plurality of users each provide like or
dislike ratings for at least a first pair of media content items (such as songs) (302). The pair
of media content items include first media content item (e.g., song A) and a second media
content item (e.g., song B). A first aggregate rating for the second media content item (song
B) is calculated based on ratings given to the second media content item by all of the users
that gave the first media content item a like rating (e.g., song B’s score in the song A like
matrix) (306). In some embodiments, the first aggregate rating for the second media content
item is also based on the total number of users that gave the first media content item a like
rating and the second media content item any rating. A second aggregate rating is calculated
for the second media content item based on ratings given to the second media content item by
all users that gave the first media content item a dislike rating (e.g., song B’s score in the
song A dislike matrix) (312). In some embodiments, the second aggregate rating for the
second media content item is also based on the number of users that gave the first media

content item a dislike rating and the second media content item any rating.

[0051] Furthermore, in some embodiments, prior to calculating the first and second
aggregate rating for the second media content item, the first pair of media content items is
determined to have been rated a least a threshold number of times. In some embodiments,
like ratings are +1 and dislike ratings are -1. Furthermore, the first and second aggregate

ratings each fall between a range of -1 and +1.

[0052] In some embodiments, calculating the first aggregate rating for the second
media content item and the second aggregate rating for the second media content item are
performed off-line. These calculations can be performed in low server usage times such as
overnight, and may be updated periodically (such as hourly, daily, or weekly). In other
embodiments, the aggregate ratings are updated continuously, or semi-continuously. For
example, the aggregate ratings may be triggered to update every time a new item pair is
received from a user in the plurality of users, or every time a threshold number of new item

pairs are received. As such, in some embodiments, the calculation of the first and second
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aggregate ratings is performed prior to receiving a request to prepare a media content item for
playback. However, in other embodiments, calculating the first aggregate rating for the
second media content item and the second aggregate rating for the second media content item
are performed in response to a request to prepare a media content item for playback. . In
some embodiments, calculating first and second aggregate ratings is performed in under 5

minutes.

[0053] The method (300) optionally includes collecting feedback from a plurality of
users for a second pair of items (314). All of the definitions of feedback, and items,
thresholds, etc., described with respect to step (302) are also true for step (314). In some

embodiments, a second pair of items includes a third item and the second item.

[0054] After feedback is collected from a plurality of users for a second pair of items
(314), including the third item and the second item, an aggregate rating for the second item is
calculated and stored based on positive ratings of the third item (316). Specifically, in some
embodiments, calculating a third aggregate rating for the second media content item is based
on ratings given to the second media content item by all users that gave the third media
content item a like rating. Although not explicitly illustrated for space and clarity reasons,
the other details described in step (306) are also true in step (316). Specifically, in some
embodiments, this (third) aggregate rating is also based on the number of users that rated the
second pair of items, or more precisely it is based on the number of users that gave the third
item a positive rating, such as a like rating, and gave the second media content item any
rating, such as a like or dislike rating. Furthermore, it is noted that in some embodiments,
before the aggregate rating for the second item is calculated, a determination is made that the

second pair of items have been rated at least a threshold number of times.

[0055] Similarly, after feedback is collected from a plurality of users for a second pair
of items (314), including a third item and a second item, an aggregate rating for the second
item is calculated and stored based on negative ratings of the first item (318). Specifically, in
some embodiments, calculating a (fourth) aggregate rating for the second media content item
is based on ratings given to the second media content item by all users that gave the third
media content item a dislike rating. As described with respect to step (312) this aggregate
rating for the second item is not necessarily negative just because the third item had a
negative rating. Likewise, as noted with respect to step (312), the calculation of step (318)
can be performed before, after, or at the same time as the step (316). Although not explicitly

illustrated for space and clarity reasons, the other details described with respect to step (306)
-19 -



WO 2014/143685 PCT/US2014/027750

are also true with respect to step (318). Specifically, in some embodiments, this (fourth)
aggregate rating is also based on the number of users that rated the second pair of items, or
more precisely it is based on the number of users that gave the third item a negative rating,
such as a dislike rating, and gave the second media content item any rating, such as a like or
dislike rating. Furthermore, it is noted that in some embodiments, before the aggregate rating
for the second item is calculated, first a determination is made that the second pair of items

have been rated at least a threshold number of times.

[0056] In some embodiments, the method of step (314) to (318) described above, is
performed for media content items as follows. A plurality of users each provide like or
dislike ratings for at least a second pair for media content items (314). The second pair of
media content items comprises a third media content item (e.g., song C) and the second
media content item (e.g., song B). It is noted that in some embodiments the plurality of users
providing like or dislike ratings for at least the second pair for media content items is the
same plurality of users that provided like or dislike ratings for the first pair of media content
items (at 302). However, in other embodiments these two groups of users providing like or
dislike ratings for the pairs of media content items are not identical. A third aggregate rating
for the second media content item (e.g., song B) is calculated based on ratings given to the
second media content item by all users that gave the third media content item a like rating
(e.g., song B’s score in the song C like matrix) (316). In some embodiments, the third
aggregate rating for the second media content item is also based on the number of users that
gave the third media content item a like rating and the second media content item any rating.
A fourth aggregate rating for the second media content item (e.g., song B) is calculated based
on ratings given to the second media content item by all users that gave the third media
content item a dislike rating (e.g., song B’s score in the song C dislike matrix) (318). In some
embodiments, the fourth aggregate rating for the second media content item is also based on
the number of users that gave the third media content item a dislike rating and the second

media content item any rating.

[0057] The general formula for determining aggregate ratings for two pairs of items is
provided below. The algorithm produces a score for each target item from a source item in

an item pair. The aggregate rating will range from -1 to +1.

[0058] For a set of rating pairs (e.g., song A and song B rated by the same people),

the calculated expected value of song B, when song A is rated a value of “t” is described as:
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where “t” is the rating value (e.g. a thumbs up or thumbs down value),
E(t_Bjt_ A=1) is the expected value of rating on song B given that a user’s

rating for song A is 1 (thumb-up),
T ab is a set of rating pairs of song A and song B rated by the same people.

T ab BJA=1 is a set of ratings of the A/B pair of ratings, where song A is rated
1 (thumbed up).

[0059] The same algorithm is used to generate an expected value for all songs when
song A is rated -1 (thumb down) (where T _ab B|A=-1 is a set of ratings for song B of the A/B
pair of ratings rating pairs, where song A is rated -1 (thumbed down) ) and (where

E(t Bt A=-1) is the expected value of rating on song B given that a user’s rating for song A

18 -1 (thumb-down),.

[0060] It is noted that although the above formula is explained in terms of binary
ratings of songs the same or similar formula may also be used for non-binary ratings of any
item (other media content items or otherwise as defined above.) However, non-binary ratings

would first be classified into negative or positive rating before using this formula.

[0061] Figure 3B is a flow chart representing an exemplary overview of a method
(350) used to predict how a user will rate an unrated item based on one or more user ratings
of other items, in accordance with some embodiments. It is noted that method (350) utilizes
the aggregate ratings calculated in method (300), and as such is illustrated as a continuation
of the method flow chart started in Figure 3A. The method (350) is executed by, for
example, the system 103 depicted in Figures 1 and 2. Method (350) is typically governed by
instructions that are stored in a computer readable storage medium and that are executed by
one or more processors of one or more servers system 103. Each of the operations that are
shown in Figure 3B typically corresponds to instructions stored in a computer memory or
non-transitory computer readable storage medium. The computer readable storage medium
typically includes a magnetic disk storage device, solid state storage devices such as Flash
memory, or other non-volatile memory device or devices. The computer readable

instructions stored on the computer readable storage medium are stored in source code,
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assembly language code, object code, or any other suitable instruction format that can be
interpreted by one or more processors. Specifically, many of the operations shown in Figure
3B correspond to instructions in various modules of the playlist server 108 and/or content

server 118 of the server system 103 shown in Figure 2.

[0062] The server system 103 (Figure 1) obtains a rating of a first item from a user
(320). In some embodiments, the user is distinct from the plurality of users that provided
feedback in method (300), while in other embodiments the user is one of the plurality of users
that provided feedback in the method (300). The user first item is a part of a pair of items in
which the user has not rated the second item in the pair. For example, in some embodiments,
the system receives from a user that has not previously rated the second media content item, a

rating for the first media content item.

[0063] The system then predicts how the user will rate an unrated item based on the
user’s rating of the first item (322). Specifically, the method (350) calculates a predicted
item score for a second item based on an aggregate rating for the second item associated with
the user’s rating of the first item (324). For example, if the user scored the first item
positively, then the predicted score for second item will be obtained using the aggregated
rating of the second item associated with positive ratings of the first item (i.e., the aggregate
score calculated at 306). Similarly, if the user scored the first item negatively, then the
predicted score for the second item will be obtained using the aggregated rating of the second
item associated with negative ratings of the first item (i.e., the aggregated score calculated at
312). Stated more generally, a prediction of how the user will rate a second item is based on
the user’s rating of the first item and an aggregate rating of the second item associated with
the user’s rating of the first item (324). In some embodiments, a prediction of how the user
will rate a second media content item is based on the user’s rating of the first media content
item and either the first aggregate rating of the second item (e.g. from a thumbs up matrix
404 of Figure 5A) or the second aggregate rating for the second media content item (e.g.,
from a thumbs down matrix 406 of Figure 5A). Figure 5A illustrates two examples of
predicting an aggregate rating for a user’s unrated item based on the user’s rating of another

item.

[0064] In some embodiments, the server system 103 (Figure 1) also obtains a rating
of a third item from a user (326). The user third item is a part of a pair of items in which the
user has not rated the second item in the pair. For example, in some embodiments, the

system receives from a user that has not previously rated the second media content item, a
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rating for the third media content item, such as a “thumbs up” or “thumbs down” rating of a

song.

[0065] The system then predicts how the user will rate an unrated item based on the
user’s rating of both the first item and the third item (328). Specifically, the method (350)
involves calculating a predicted item score for a second item based on an aggregate rating for
the second item associated with the user’s rating of the first item and the users rating of the
third item (330). For example, if the user scored the first item positively and the third item
negatively, then the predicted score for second item will be obtained using a combination of
the aggregated rating of the second item associated with positive ratings of the first item (i.e.,
the aggregate score calculated at 306) as well as an aggregated rating of the second item
associated with negative ratings of the third item (i.e., the aggregate score calculated at 318).
Stated more generally, a prediction of how the user will rate a second item is based on the
user’s rating of the first item and an aggregate rating of the second item associated with the
user’s rating of the first item combined with the user’s rating of the third item and an
aggregate rating of the second item associated with the user’s rating of the first item (330). In
some embodiments, a prediction of how the user will rate a second media content item is
based on the user’s rating of the first media content item and either the first aggregate rating
for the second media content item (e.g., from a thumbs up matrix 404 of Figure 5B) or the
second aggregate rating for the second media content item (e.g., from a thumbs down matrix
406 of Figure 5B) , and the user’s rating of the third media content item and either the third
aggregate rating for the second media content item (e.g., from a thumbs up matrix 404 of
Figure 5B) and fourth aggregate rating for the second media content item (e.g., from a
thumbs down matrix 406 of Figure 5B). An example of predicting an aggregate rating for a

user’s unrated item based on the user’s rating of two other items is provided in Figure 5B.

[0066] It is noted that although step (328) specifically describes the method of using
two user ratings in the prediction, the same methodology is employed for three or more user

ratings as will be described more generally with respect to the formula below.

[0067] Now that predicting aggregate ratings has been described above, some

formulaic examples are provided below.

[0068] For example, for a listener L, if L rated item A with a rating of -1, then L's
expected score for item B, written as S B, is simply S B_Aneg. Similarly if L rated A +1,
then L's expected score for item B is simply S B_Apos.
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[0069] Furthermore, if listener L rated more than one item (say both item C and item
A) that each have item pair expected values for item B, then the predicted score for item B is
a weighted sum of the these expected values. For example, in the case of L rated item C +1

and item A -1, and where there are 3 other users who rated C +1 and B, and there are 5 other

users who rated A -1 and B, then the predicted score for item B is:

SB=@3*S B Cpos+5*S B Aneg)
(3+3)

Or more generally this formula is expressed as:

where PQuareet 15 a target song’s predicted score for a particular user ,
E(twreedti) 18 the expected value of a target song’s rating, given a user’s other song
rating(s),

|target| 1 the number of rating pairs of song 1 and song target rated by the same people.

[0070] It is noted that although the above formula and example are explained in terms
of binary ratings of songs the same formula is also relevant for non-binary ratings of any

items (other media content items or otherwise as defined above.)

[0071] Furthermore, it is noted that in some embodiments, weighting factors may also
be included in the formula above to weight some aggregate ratings higher than others. For
example, sometimes aggregated ratings based on negative feedback are a stronger indication
of users’ similarity than aggregated ratings based on positive feedback. For example, the
dislike or thumbs down matrixes are better at predicting a user’s rating of an unrated song
than are the like or thumbs up matrixes. As such, in some embodiments with media content
items, the second aggregate and fourth aggregate ratings are weighted higher than the first
and third aggregate ratings.

[0072] After predicting how a user will rate the second item based on one or more
other ratings by the user, the predicted score is utilized to provide a recommendation (332).
In some embodiments, the output of the recommendation is a list (e.g., a playlist) of items to
recommend to the user. In other embodiments, the recommendation is also a list of items to
not recommend to the user. The recommendation and anti-recommendation lists may be
ordered according to the each item’s predicted scores. In some embodiments, an item that
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reaches a threshold score is prepared for presentation to the user (334). It is noted that the
threshold for preparing an item for presentation may be dependent upon the method
performed to obtain the second item’s predicted score. For instance, in some embodiments, a
first threshold is used when only one user rating is used (i.e., the method of step 322) and a
second threshold is used when two or more user ratings are used (i.e., the method of step
328). However, in some embodiments the first and second thresholds are identical. In some
embodiments, the first threshold is between 0 and 1. In some embodiments, the second
threshold is between 0.2 and 1. It is also noted that the appropriate presentation to the user
depends on the nature of the item. For example, in some embodiments, upon predicting that
the user will rate the second media content item above a threshold, the second media content
item is prepared for playback. In some embodiments, preparing the second media content

item for playback includes transmitting the second media content item to a client device.

[0073] In some embodiments, the method of (320) to (334) described above, is
performed for media content items as follows. A user that has not previously rated the
second media content item (e.g., song B), supplies a rating for the first media content item
(e.g., song A) (320). Then a prediction is performed of how the user will rate the second
media content item (e.g., song B) based on the user’s rating of the first media content item
and either the first aggregate rating for the second media content item or the second aggregate
rating for the second media content item (322). For example, if the user liked song A it is
predicted that the user would give song B a score similar to the first aggregate rating for song
B. In other words, the user’s likely score for song B is predicted to be the average score
given to song B by other users who also liked song A, (i.e., the score for song B in the song A
like matrix). Then upon predicting that the user will rate the second media content item
above a first threshold, the second media content item is prepared for playback (334). Itis
noted that the optional steps (326)-(330) are omitted from this example because only one user

rating was utilized in the prediction (at 324).

[0074] In other embodiments, two songs rated by a user are used to predict the user’s
rating of an unrated song. In these embodiments the method of (320) to (334) described
above, is performed for media content items as follows. A user that has not previously rated
the second media content item (e.g., song B), supplies a rating for the first media content item
(e.g., song A) (320). Also, the user that has not previously rated the second media content
item (e.g., song B), supplies a rating for the third media content item (e.g., song C) (326).

Then a prediction is performed of how the user will rate the second media content item based
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on the user’s rating of the first media content item and either the first aggregate rating for the
second media content item or the second aggregate rating for the second media content item,
and the user’s rating of the third media content item and either the third aggregate rating for
the second media content item and fourth aggregate rating for the second media content item
(328). For example, if the user liked song A and didn’t like song C then it is predicted that
the user would give song B a score similar to the first aggregate rating for song B combined
with the fourth aggregate rating of song B. In other words, the user’s likely score for song B
is predicted to be the average score given to song B by other users who also liked song A
combined with the average score given to song B by other users who also disliked song C,
(i.e., the score for song B in the song A like matrix combined with the score for song B in the
song C dislike matrix). Then upon predicting that the user will rate the second media content

item above a second threshold, the second media content item is prepared for playback (334).

[0075] In some embodiments, predicting how the user will rate the second media
content item (in either step 322 or 328) is performed in under 1 minute. In some
embodiments both calculating aggregate ratings and predicting how the user will rate the

second media content item is performed in under 5 minutes.

[0076] Figure 4A is block diagram illustrating an example of calculating and storing
aggregate ratings for exemplary items based on feedback for item pairs received from a

plurality of users as described in Figure 3A.

[0077] Specifically, in Figure 4A Listeners 1, 2, and 3 have rated song A positively,
408 and have also provided ratings for song C as shown in the Listener-song rating matrix
402. As such, the aggregated rating for song C 410, in the Thumbs-Up matrix 404 for song A

is a combination of the ratings for song C. The aggregate rating of song C calculated as:

2+ + 1(-1 = 2-1 = 0.33
(2+1) 3
[0078] Similarly, in Figure 4A Listeners 4, 5, and 6 have rated song A negatively, 412

and have also provided ratings for song D. As such, the aggregated rating for song D 414, in
the Thumbs Down matrix 406 for song A is a combination of the ratings for song D. The

aggregate rating of song D calculated as:

1(+1) + 2(-1 = 1-2 = -0.33

(1+2) 3
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[0079] Figure 4B is block diagram illustrating another example of calculating and
storing aggregate ratings for exemplary items based on feedback for item pairs received from
a plurality of users described in Figure 3A. It is noted that Figure 4B illustrates how
aggregate ratings for numerous item pairs are stored in a single like matrix (which is called a

Thumbs-Up matrix 404 in this example).

[0080] Specifically, in Figure 4B Listeners 1, 2, and 3 have rated song A positively
408, and have also provided ratings for song C. As such, the aggregated rating for song C
410, in the Thumps-Up matrix 404 for song A is a combination of the ratings for song C.
Likewise, in Figure 4B, Listeners 4 and 5 have rated song C positively 420, and have also
provided ratings for song B and song D. As such, the aggregated rating for song D, in the
Thumps-Up matrix for song C is a combination of the ratings for song D 422. The same is
true for song B 426. Also, in Figure 4B, Listener 6 has rated song D positively 424 and has
also rated song B, as such the aggregated rating for song B in the Thumps-Up matrix 404 for

song D is a combination of ratings for song B 428 (in this example only one rating exists).

[0081] Figure 4C is block diagram illustrating another example of calculating and
storing aggregate ratings for exemplary items based on feedback for item pairs received from
a plurality of users described in Figure 3A. It is noted that Figure 4C illustrates how
aggregate ratings for numerous item pairs are stored in a single dislike matrix (which is called

a Thumbs-Down matrix 406 in this example).

[0082] Specifically, in Figure 4C Listeners 4, 5, and 6 have rated song B negatively
430, and have also provided ratings for song D. As such, the aggregated rating for song D
432, in the Thumbs-Down matrix 406 for song B is a combination of the ratings for song D
432. Likewise, in Figure 4C, Listeners 4 and 5 have rated song D negatively 434, and have
also provided ratings for song C 436. As such, the aggregated rating for song C, in the
Thumbs Down matrix 406 for song D is a combination of the ratings for song C 436.
Similarly, Listeners 4 and 5 have rated song D negatively, and have also provided ratings for
song B. As such, the aggregated rating for song B, in the Thumbs Down matrix for song D is

a combination of the ratings for song B. Other examples are also illustrated in Figure 4C.

[0083] Figure 5A is block diagram illustrating examples of predicting an aggregate
rating for a user’s unrated item based on a user’s rating of another item as described in Figure
3B. For example, a rating for song C 502 is predicted based user 10’s like rating of song A
504. This predicted rating of song C 502 is obtained from the rating of song C 410 Thumbs
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Up matrix 404 for song A (because user 10 had Thumbed Up song A 504). Furthermore, a
rating for song D 508 is predicted based on user 11°s dislike rating of song A 510. This
predicted rating of song D 508 is obtained from the rating of song D 414 in the Thumbs
Down matrix 406 for song A (because user 11 had Thumbed Down song A 510.)

[0084] Figure 5B is block diagram illustrating an example of predicting an aggregate
rating for a user’s unrated item based on one or more of the user’s other ratings as described
in Figure 3B. For example, a rating for song C 520 is predicted based user 10’s like rating of
song A 522 and dislike rating of song B 524. Specifically, the predicted rating of song C 520
is a weighted combination of the predicted rating of song C 410 obtained from the Thumbs
Up matrix 404 for song A 522, and the predicted rating of song C 460 obtained from the
Thumbs Down matrix 406 for song B 524. Similarly, a rating for song D 526 is predicted
based on user 10’s like rating of song A 522 and dislike rating of song B 524. Specifically,
the predicted rating of song D 526 is a weighted combination of the predicted rating of song
D 528 obtained from the Thumbs Up matrix 404 for song A and the predicted rating of song
D 530 obtained from the Thumbs Down matrix 406 for song B (although as shown in Figure
5B, since no predicted value for song D 528 is available in the Thumbs Up matrix 404 for
song A, the weighted combination for song D 426 is actually equal to the predicted value of
song D 530 obtained from the Thumbs Down matrix 406 for song B in this example.)

[0085] Similarly, although not illustrated in Figure 5B, it is apparent by analogy that
if the user has rated an additional media content item (e.g., song E) the a prediction of how

the user will rate the second media content item (e.g., song C) would be based on:

(1) The user’s rating of the first media content item (e.g., song A) and either the first
aggregate rating for the second media content item or the second aggregate rating for the
second media content item. In this example, the first and second aggregate ratings are the
ratings for song C in the song A like and dislike matrix respectively, and as such the

aggregate rating used in this example would be element 410;

(2) The user’s rating of the third media content item (e.g., song B) and either the third
aggregate rating for the second media content item and fourth aggregate rating for the second
media content item. In this example, the third and fourth aggregate ratings are the ratings for
song C in the song B like and dislike matrix respectively, and as such the aggregate rating

used in this example would be element 460; and
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(3) The user’s rating of the additional media content item (e.g., song E) and either a
fifth or sixth aggregate rating for the second media content item. The fifth and sixth
aggregate ratings are the ratings for song C in the song E like and dislike matrix respectively,
and as no rating is provided for song E in Figure 5B the precise aggregate rating to be used is

not specified.

[0086] The foregoing description, for purpose of explanation, has been described with
reference to specific embodiments. However, the illustrative discussions above are not
intended to be exhaustive or to limit the invention to the precise forms disclosed. Many
modifications and variations are possible in view of the above teachings. The embodiments
were chosen and described in order to best explain the principles of the invention and its
practical applications, to thereby enable others skilled in the art to best utilize the invention
and various embodiments with various modifications as are suited to the particular use

contemplated.
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What is claimed is:

1. A method of personalizing playback of media to a user, said method comprising:

at a server system having one or more processors and memory storing one or more
programs for execution by the one or more processors:

receiving from a plurality of users like or dislike ratings for at least a first pair of
media content items comprising a first media content item and a second media content item;

calculating a first aggregate rating for the second media content item based on ratings
given to the second media content item by all users that gave the first media content item a
like rating and based on the number of users that gave the first media content item a like
rating and the second media content item any rating;

calculating a second aggregate rating for the second media content item based on
ratings given to the second media content item by all users that gave the first media content
item a dislike rating and based on the number of users that gave the first media content item a
dislike rating and the second media content item any rating;

receiving from a user that has not previously rated the second media content item, a
rating for the first media content item;

predicting how the user will rate the second media content item based on the user’s
rating of the first media content item and either the first aggregate rating for the second media
content item or the second aggregate rating for the second media content item; and

upon predicting that the user will rate the second media content item above a first

threshold, preparing the second media content item for playback.

2. The method of claim 1, further comprising:

receiving from a plurality of users like or dislike ratings for at least a second pair for
media content items comprising a third media content item and the second media content
item;

calculating a third aggregate rating for the second media content item based on ratings
given to the second media content item by all users that gave the third media content item a
like rating and based on the number of users that gave the third media content item a like
rating and the second media content item any rating;

calculating a fourth aggregate rating for the second media content item based on

ratings given to the second media content item by all users that gave the third media content
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item a dislike rating and based on the number of users that gave the third media content item
a dislike rating and the second media content item any rating;

receiving from a user that has not previously rated the second media content item, a
rating for the third media content item;

predicting how the user will rate the second media content item based on the user’s
rating of the first media content item and either the first aggregate rating for the second media
content item or the second aggregate rating for the second media content item, and the user’s
rating of the third media content item and either the third aggregate rating for the second
media content item and fourth aggregate rating for the second media content item; and

upon predicting that the user will rate the second media content item above a second

threshold, preparing the second media content item for playback.

3. The method of claim 1, wherein the like and dislike ratings are received from the

plurality of users on a first station associated with a common media input seed.

4. The method of claim 3, wherein, the media input seed is selected from the group

comprising: a song name, an artist name, an album name, a composer, and a genre.

5. The method of any of claims 1-4, further comprising:
prior to calculating the first and second aggregate rating for the second media content
item, determining that the first pair of media content item has been rated a least a threshold

number of times.

6. The method of any of claims 1-5, wherein the like ratings are +1 and dislike ratings
are -1, and wherein the first and second aggregate ratings each fall between a range of -1 and

1.
7. The method of claim 6, wherein the first threshold is a between 0 and 1.

8. The method of any of claims 6-7, wherein the second aggregate rating falls between a

range of 0 and 1.
9. The method of any of claims 1-8, wherein the like and dislike ratings are not binary.

10.  The method of any of claims 1-9, wherein predicting how the user will rate the second

media content item is performed in under 1 minute.
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11.  The method of any of claims 1-10, wherein predicting how the user will rate the
second media content item is performed in response to a current request to prepare a media

content item for playback.

12.  The method of any of claims 1-11, wherein calculating the first aggregate rating for
the second media content item and the second aggregate rating for the second media content

item are performed off line.

13.  The method of any of claims 1-12, further comprising transmitting the second media

content item to a client device.

14.  The method of claim 2, wherein the second aggregate and fourth aggregate ratings are

weighted higher than the first and third aggregate ratings.

15.  The method of any of claims 1-14, wherein the user is distinct from the plurality of

users.

16.  The method of any of claims 2 and 14, wherein the first threshold and the second

threshold are distinct.

17.  The method of any of claims 2, 14, and 16, wherein calculating the third aggregate
rating for the second media content item is based on the number of users that gave both the

first and third media content items a like rating and the second media content item any rating.

18. The method of any of claims 2, 14, 16, and 17 wherein calculating the fourth
aggregate rating for the second media content item is based on the number of users that gave
both the first and third media content items a dislike rating and the second media content item

any rating.

19. A server system, for selecting a media content object, comprising:
one or more processors; and
memory storing one or more programs to be executed by the one or more processors;
the one or more programs comprising instructions for:
receiving from a plurality of users like or dislike ratings for at least a first pair
of media content items comprising a first media content item and a second media content

item;
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calculating a first aggregate rating for the second media content item based on
ratings given to the second media content item by all users that gave the first media content
item a like rating and based on the number of users that gave the first media content item a
like rating and the second media content item any rating;

calculating a second aggregate rating for the second media content item based
on ratings given to the second media content item by all users that gave the first media
content item a dislike rating and based on the number of users that gave the first media
content item a dislike rating and the second media content item any rating;

receiving from a user that has not previously rated the second media content
item, a rating for the first media content item;

predicting how the user will rate the second media content item based on the
user’s rating of the first media content item and either the first aggregate rating for the second
media content item or the second aggregate rating for the second media content item; and

upon predicting that the user will rate the second media content item above a

first threshold, preparing the second media content item for playback.

20. A server system, for selecting a media content object, comprising;:
one or more processors; and
memory storing one or more programs to be executed by the one or more processors;
the one or more programs comprising instructions for:

performing the method of any of claims 2-18.

21. A non-transitory computer readable storage medium storing one or more programs
configured for execution by a server system, the one or more programs comprising
instructions for:

receiving from a plurality of users like or dislike ratings for at least a first pair of
media content items comprising a first media content item and a second media content item;

calculating a first aggregate rating for the second media content item based on ratings
given to the second media content item by all users that gave the first media content item a
like rating and based on the number of users that gave the first media content item a like
rating and the second media content item any rating;

calculating a second aggregate rating for the second media content item based on

ratings given to the second media content item by all users that gave the first media content
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item a dislike rating and based on the number of users that gave the first media content item a
dislike rating and the second media content item any rating;

receiving from a user that has not previously rated the second media content item, a
rating for the first media content item;

predicting how the user will rate the second media content item based on the user’s
rating of the first media content item and either the first aggregate rating for the second media
content item or the second aggregate rating for the second media content item; and

upon predicting that the user will rate the second media content item above a first

threshold, preparing the second media content item for playback.

22. A non-transitory computer readable storage medium storing one or more programs
configured for execution by a server system, the one or more programs comprising

instructions for performing the method of any of claims 2-18.

23. A method of producing a recommendation score personalized to a user for an item,
performed on a server system having one or more processors and memory storing one or
more programs for execution by the one or more processors to perform the method,
comprising:

receiving from a user a like rating for a first item;

obtaining from a like matrix a first score for a target item based on ratings provided
by a first plurality of users who liked the first item;

receiving from the user a dislike rating for a item song;

obtaining from a dislike matrix a second score for the target item based on ratings
provided by a second plurality of users who disliked the item song; and

combining the first score and the second score to produce a recommendation score for

the target item for the user.
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