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(57) Abstract: In various embodiments, an optimization engine regenerates items included in an interactive page while the user is
interacting with the interactive page. In operation, an optimization engine displays a portion of the interactive page during a viewing
session. Subsequently, the optimization engine computes a probability distribution for the viewing session over a set of interests based
on model parameters and operations performed by the user during the viewing session. The optimization engine then regenerates
items that are included in a second portion of the interactive page based on the probability distribution for the viewing session. The
optimization engine displays a least a part ot the resulting regenerated interactive page. Advantageously, by regenerating items included
in the interactive page based on operations performed by the user during the viewing session, the optimization engine reduces the time

required for the user to view an item that piques an interest.
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REGENERATING AN INTERACTIVE PAGE BASED ON CURRENT USER
INTERACTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of the United States Provisional
Patent Application having Serial Number 62/360,038 (Attorney Docket Number
NETF/0132USL) and filed on July 8, 2016, and United States Patent Application
having Serial Number 15/380,124 (Attorney Docket Number NETF0132US) and filed

on December 15, 2016. The subject matter of these related applications is hereby

incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Embodiments of the present invention relate generally to computer science
and, more specifically, to regenerating an interactive page based on current user

interaction.

Description of the Related Art

[0003] Attracting user interest in video assets is an important aspect of many video
asset distribution systems. Accordingly, a graphical user interface (GUI) included in a
video asset distribution system typically organizes and displays information about
available video assets via a user-friendly, interactive page. For instance, an
interactive page could map different genres of video assets to different rows of video
assets displayed in the interactive page. The interactive page could include an
“action” row that provides information about video assets that include action scenes, a
‘comedy” row that provides information about video assets that are considered to be
funny or include funny scenes, and so forth. However, irrespective of the organization
of the interactive page, oftentimes only a portion of the interactive page that is

commensurate with the current display window is visible at any given time.

[0004] To allow the user to view information about all the available video assets, the
GUI typically enables the user to perform navigation operations within the interactive
page. For example, the GUI could enable the user to scroll horizontally along a
displayed row to view additional video assets that are associated with a particular
genre or vertically down the interactive page to view additional video assets that are

associated with genres that have not yet been displayed. Further, the GUI also
1
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enables the user to select a video asset for playback within the interactive page. For
example, the GUI could enable the user to click on a video asset to initiate the
playback of the video asset or to view a preview of the video asset. Typically, if the
user is able to quickly identify a video asset that piques an interest, then the user
selects that particular video asset for playback. However, if the user does not find a
video asset of interest, then the user typically does not select any of the displayed

video assets for playback.

[0005] To increase the likelihood that a given user selects a video asset for playback
during a given viewing session, a video asset distribution system may include an
optimization engine that implements a recommendation algorithm that determines
which video assets are most likely of interest to that given user. As referred to herein,
a viewing session begins when a user executes the GUI that displays the interactive
page and ends when the user terminates the GUI. When a user begins a viewing
session, the optimization engine attempts to determine the general interests of the
user based on historical viewing session data, user data, and the like. The
optimization engine then generates the rows of video assets within the interactive
page based on the general interests of the user. For example, suppose that the
historical viewing session data indicated that the user scrolled through a previously
displayed interactive page and selected video assets for playback from “horror”, “war”,
and “science fiction” genres. In the current viewing session, the optimization engine
would generate an interactive page that includes a “horror” row closer to the top of the
interactive page than an “action” row that is, in turn, closer to the top of the interactive

page than a “romance” row.

[0006] However, while the optimization engine may generate an interactive page that
reflects the general interests of the user based on past viewing sessions, the
interactive page does not account for the specific interests of the user that may exist
during the current viewing session. For instance, the general interests of the user
may not reflect the current mood of the user, whether the user is watching the video
asset with a particular group of people, and so forth. If the interactive page generated
for the current viewing session does not reflect these viewing session-specific
interests of the user, then the recommendations and ordering of the video assets
within the interactive page during the current viewing session may not increase, and

may even decrease, the likelihood that the user selects one of the displayed video

2
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assets for playback. When the video assets displayed within the interactive page are
not of interest to the user, then the quality of the overall viewing experience for the

user is substantially diminished.

[0007] For example, suppose that the general interests of the user are action and
special effects, but the viewing session-specific interests of the user are dating and
frivolity. In such a situation, a conventional optimization engine would include “action”
and maybe “horror’ rows near the top of the interactive page and would include
‘romance” and “comedy” rows towards the bottom of the interactive page or may not
include “romance” or “comedy” rows at all. Consequently, the user would not be able
to quickly identify any video assets of interest within the interactive page, which would

frustrate the user and substantially reduce the quality of the user’s viewing experience.

[0008] As the foregoing illustrates, what is needed in the art are more effective

techniques for generating the interactive page during current viewing sessions.

SUMMARY OF THE INVENTION

[0009] One embodiment of the present invention sets forth a computer-implemented

method for generating an interactive page during a viewing session. The method
includes displaying a first portion of an interactive page to initiate a viewing session,
where the first portion of the interactive page includes a first set of items; computing a
probability distribution for the viewing session over a set of interests based on one or
more model parameters and one or more operations performed by a first user within
the interactive page during the viewing session; regenerating a second portion of the
interactive page based on the probability distribution for the viewing session and the
one or more model parameters, where the second portion of the interactive page
includes a second set of items that were not included in the first portion of the

interactive page; and displaying at least a part of the second portion of the interactive

page.

[0010] One advantage of the disclosed techniques is that regenerating the interactive
page based on user operations within the interactive page during the viewing session
results in an interactive page that is tailored to not only the user, but also to the
viewing session-specific interests of the user. Consequently, unlike conventional

interactive pages that remain unchanged throughout a viewing session, the likelihood
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that the user is able to quickly identify any items of interest within the interactive page

is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that the manner in which the above recited features of the present invention

can be understood in detail, a more particular description of the invention, briefly
summarized above, may be had by reference to embodiments, some of which are
illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may admit to other equally

effective embodiments.

[0012] Figure 1 is a conceptual illustration of a video asset distribution system

configured to implement one or more aspects of the present invention;

[0013] Figure 2 is a more detailed illustration of the optimization subsystem of Figure

1, according to various embodiments of the present invention;

[0014] Figure 3 is an exemplary illustration of regeneration operations performed by
the optimization engine of Figure 2, according to various embodiments of the present

invention; and

[0015] Figure 4 is a flow diagram of method steps for generating an interactive page
during a current viewing session, according to various embodiments of the present

invention.

DETAILED DESCRIPTION

[0016] In the following description, numerous specific details are set forth to provide a

more thorough understanding of the present invention. However, it will be apparent to
one of skilled in the art that the present invention may be practiced without one or

more of these specific details.

System Overview
[0017] Figure 1 is a conceptual illustration of a video asset distribution system 100
configured to implement one or more aspects of the present invention. As shown, the
video asset distribution system 100 includes a cloud (i.e., encapsulated shared

resources, software, data, etc. ) 102 connected to a variety of consumer devices
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capable of transmitting user data and/or displaying video assets. The consumer
devices include, without limitation, a game console 103, a smartphone 104, a smart
television 105, a laptop 106, a tablet 107, and a desktop computer 108. In alternate
embodiments, the video asset distribution system 100 may include any number

and/or type of consumer devices in any combination.

[0018] As used herein, a video asset refers to any item that includes video content.
Video assets may also include additional content, such as audio content, and may be
manipulated (e.Q., stored, encoded, compressed, transmitted, etc.) using any
mechanisms known in the art. For example, one video asset may be a movie that is
stored as a compressed audio-video file, transmitted via the internet, and then

decompressed for display purposes.

[0019] In some embodiments, one or more of the consumer devices are capable of
running a web-browser configured to display a graphical user interface that enables
the user to interact with the video assets and/or view information associated with the
video assets. The implementation of the graphical user interface may differ based on
the consumer device. For example, the laptop 110 could be configured to present the
graphical user interface via a web-browser to enable users to browse video assets,

select video assets, download video assets, and/or playback video assets.

[0020] The cloud 102 includes, without limitation, any number and type of compute
instances 110. The cloud 102 receives input user data from a consumer device (e.g.,
the laptop 106), one or more computer instances 110 operate on the input user data,
and the cloud 102 transmits processed information to the user. The cloud 102
conveys output information to the user via display capabilities of any number of
consumer devices, such as a conventional cathode ray tube, liquid crystal display,

light-emitting diode, or the like.

[0021] In other embodiments, the video asset distribution system 100 may include any
distributed computer system instead of the cloud 102. In yet other embodiments, the
video asset distribution system 100 does not include the cloud 102 and, instead, the
video asset distribution system 100 includes a single computing unit that implements
multiple processing units (e.g., central processing units and/or graphical processing

units in any combination).
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[0022] As shown, each of the compute instances 110 includes, without limitation, a
processor 112 and a memory 116. The processor 112 may be any instruction
execution system, apparatus, or device capable of executing instructions. For
example, the processor 112 could comprise a central processing unit (CPU), a
graphics processing unit (GPU), a controller, a microcontroller, a state machine, or
any combination thereof. The memory 116 stores content, such as software

applications and data, for use by the processor 112 of the compute instance 110.

[0023] The memory 116 may be one or more of a readily available memory, such as
random access memory (RAM), read only memory (ROM), floppy disk, hard disk, or
any other form of digital storage, local or remote. In some embodiments, a storage
(not shown) may supplement or replace the memory 116. The storage may include
any number and type of external memories that are accessible to the processor 112.
For example, and without limitation, the storage may include a Secure Digital Card,
an external Flash memory, a portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any suitable combination of the

foregoing.

[0024] In general, the compute instances 110 included in the cloud 102 are configured
to implement one or more applications. More specifically, the computer instances 110
implement applications that deliver video services associated with the video assets to
the consumer devices over a network. For instance, in some embodiments, the
computer instances 110 implement applications that deliver both video and audio

streams associated with the video assets over the Internet to the smart television 105.

[0025] In operation, to attract user interest in available video assets, a graphical user
interface (GUI) organizes and displays information about the video assets in a user-
friendly fashion via an interactive page 190. For instance, the interactive page 190
could map different genres of video assets to different rows of video assets displayed
in the interactive page 190. The interactive page 190 could include an “action” row
that provides information about video assets that include action scenes, a “comedy”
row that provides information about video assets that are considered to be funny or
include funny scenes, and so forth. However, irrespective of the organization of the
interactive page 190, oftentimes only a portion of the interactive page 190 that is

commensurate with the current display window is visible at any given time.



10

15

20

25

30

WO 2018/009681 PCT/US2017/040921

[0026] To allow the user to view information about all the available video assets, the
GUI typically enables the user to perform navigation operations within the interactive
page 190. For example, the GUI could enable the user to scroll horizontally along a
displayed row to view additional video assets that are associated with a particular
genre or vertically down the interactive page to view additional video assets that are
associated with genres that have not yet been displayed. Further, the GUI also
enables the user to select a video asset for playback within the interactive page 190.
For example, the GUI could enable the user to click on a video asset to initiate the
playback of the video asset or to view a preview of the video asset. Typically, if the
user is able to quickly identify a video asset that piques an interest, then the user
selects that particular video asset for playback. However, if the user does not find a
video asset of interest, then the user typically does not select any of the displayed

video assets for playback.

[0027] To increase the likelihood that a given user selects a video asset for playback
during a given viewing session, a conventional video asset distribution system may
include a conventional optimization engine that implements a recommendation
algorithm that determines which video assets are most likely of interest to that given
user. As referred to herein, a viewing session begins when a user executes the GUI
that displays the interactive page and ends when the user terminates the GUI. When
a user begins a viewing session, the conventional optimization engine attempts to
determine the general interests of the user based on historical viewing session data,
user data, and the like. The conventional optimization engine then generates the
rows of video assets within the interactive page based on the general interests of the
user. For example, suppose that the historical viewing session data indicated that the
user scrolled through a previously displayed interactive page and selected video
assets for playback from “horror’, “war”, and “science fiction” genres. In the current
viewing session, the conventional optimization engine would generate an interactive
page that includes a “*horror” row closer to the top of the interactive page than an
“action” row that is, in turn, closer to the top of the interactive page than a “romance”

row.

[0028] However, while the conventional optimization engine may generate an
interactive page that reflects the general interests of the user based on past viewing

sessions, the interactive page does not account for the specific interests of the user
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that may exist during the current viewing session. For instance, the general interests
of the user may not reflect the current mood of the user, whether the user is watching
the video asset with a particular group of people, and so forth. As a general matter,
many users have diverse interests that change over time. For example, a user could
form a new interest. Consequently, determining the current interests of a given user
is difficult.

[0029] If the interactive page generated for the current viewing session does not
reflect these viewing session-specific interests of the user, then the recommendations
and ordering of the video assets within the interactive page during the current viewing
session may not increase, and may even decrease, the likelihood that the user
selects one of the displayed video assets for playback. When the video assets
displayed within the interactive page are not of interest to the user, then the quality of

the overall viewing experience for the user is substantially diminished.

[0030] For example, suppose that the general interests of the user are action and
special effects, but the viewing session-specific interests of the user are dating and
frivolity. In such a situation, a conventional optimization engine would include “action”
and maybe “horror’ rows near the top of the interactive page and would include
‘romance” and “comedy” rows towards the bottom of the interactive page or may not
include “romance” or “comedy” rows at all. Consequently, the user would not be able
to quickly identify any video assets of interest within the interactive page, which would

frustrate the user and substantially reduce the quality of the user’s viewing experience.

[0031] Another limitation of a conventional optimization engine is that the conventional
optimization engine typically personalizes the interactive page based on information
regarding the general interests of the user. However, suppose that a new user begins
a first viewing session. In such a scenario, the conventional optimization engine
would have no information regarding the general interests of the new user.
Consequently, the conventional optimization engine would be unlikely to generate an
interactive page that enables the new user to quickly identify video assets of interest

within the interactive page.

Generating a Probabilistic Graphical User Model
[0032] To increase the likelihood that the user selects a video asset for playback

during a viewing session, one or more of the compute instances 110 in the cloud 102

8
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implement an optimization subsystem 120. The optimization subsystem 120 includes
software applications that generally resides with the memory 116 and are executed by
the processor 112. The page optimization subsystem 120 is configured to regenerate
rows in the interactive page 190 based on a probabilistic graphical user model and
user interactions detected during the current viewing session. The probabilistic
graphical user model for the user is also referred to herein as “the model,” and the
model maps user data (e.9., user interactions, preferences, etc.) to page playback
likelihoods for rows. In alternate embodiments, the model parameters may map any
amount and type of data to selection likelihoods at any granularity. For example, in
some embodiments, the model may map user data to playback likelihoods for

individual video assets.

[0033] The user data may include any amount and type of information that provides
insight into the preferences and interests of the user. Examples of user data include
interaction data, explicit preferences specified by the user, and implicit preferences
based on ratings specified by the user, to name a few. The interaction data may
include any type of operations executed by the user during any number of viewing
sessions. For example, the interaction data could include information about
horizontal scrolling operations along rolls, vertical scrolling operations, clicking
operations to select video assets for playback, and so forth. The interaction data may
also include information about operations that are not executed by the user. For
example, the interaction data could indicate that the user ignored all of the rows
included in the first visible portion of the interactive page 190 during the last viewing
session that the user initiated. Notably, the interaction data may include information
associated with operations that are executed or not executed by the user during the

current viewing session in addition to previous, historical viewing sessions.

[0034] As shown, the optimization subsystem 120 includes, without limitation, a mode
180, a training engine 130, an page build engine 140, and an optimization engine 150.
In alternate embodiments, the optimization subsystem 120 includes any number of
software applications (including one) that may be distributed across any number of
the compute instances 110. When the mode 180 is equal to “offline,” the training
engine 130 performs machine learning operations that generate generate the model
parameters based on training data (not shown in Figure 1). The training data may

include any amount and type of user data that provides insight into the historical video

9
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asset preferences and interests of any number of users over any number of viewing

sessions.

[0035] When the mode 180 is equal to “online” and the user initiates a new viewing
session, the optimization subsystem 120 generates the interactive page 190 based on
the model parameters and the user data that is associated with the user. As the user
interacts with the interactive page 190 during the viewing session, the optimization
subsystem 120 regenerates portions of the interactive page 190 based on the model
parameters and the new user interactions. Consequently, the interactive page 190
that the optimization subsystem 120 displays changes over time. For explanatory
purposes only, multiple snapshots of the interactive page 190 are denoted with
parenthetical numbers identifying the chronological order of the snapshot where

needed.

[0036] In operation, the page build engine 140 generates the initial interactive page
190(1) based on the model parameters and the historical user data that is associated
with the user. The optimization subsystem 120 then displays the interactive page
190(1). As the user interacts with the displayed interactive page 190(1), the
optimization engine 150 regenerates rows that are included in the interactive page
190(1) based on the new user interactions with the interactive page 190(1). The
optimization subsystem 120 then displays the regenerated interactive page 190(2)
instead of the interactive page 190(1). As the user continues to interact with the
displayed interactive page 190(i), the optimization engine 150 continues to regenerate
rows included in the interactive page 190(i). After the optimization engine 150
regenerates the rows, the optimization subsystem 120 displays the regenerated

interactive page 190(i+1) instead of the interactive page 190(i).

[0037] In general, the optimization engine 150 regenerates the rows included in the
interactive page 190(i) based on the operations performed by the user during the
current viewing session. The operations performed by the user during the current
viewing session are referred to herein as the “current session interaction data” (not
shown in Figure 1). The current session interaction data includes operations
executed by the user on the displayed interactive page 190(i) and any number of the
previously displayed interactive pages 190(i-1) through 190(1). Further, the current
session interaction data may include information regarding operations that are not

executed by the user. For example, the current session interaction data could
10



10

15

20

25

30

WO 2018/009681 PCT/US2017/040921

indicate that the user ignored all of the rows included in the visible portion of the
interactive pages 190(1) and 190(3).

[0038] The optimization engine 150 may regenerate any number of the “unseen” rows
included in the interactive page 190(i) in any technically feasible fashion based on the
current session interaction data. As referred to herein, an “unseen” row is a row that
is included in the interactive page 190, but that the optimization subsystem 120 has
not previously displayed during the viewing session. By contrast, a “seen” row is a
row that is included in the interactive page 190 and is or has been included in the
visible portion of the interactive page 190 that is displayed to the user via the display
window. Notably, to preserve the continuity of the viewing experience for the user, the

optimization engine 150 does not regenerate any of the seen rows.

[0039] As a general matter, the optimization engine 150 regenerates the unseen rows
to optimize a likelihood that the user selects a video asset for playback. More
specifically, for each of the unseen rows included in the interactive page 190, the
optimization engine 150 computes the playback likelihood based on current session
interaction data and the model parameters. The optimization engine 150 then
regenerates the unseen rows in an order of decreasing playback likelihood from the
top of the interactive page 190 to the bottom of the interactive page 190. Because the
optimization engine 150 continually regenerates rows based on the current session
interaction data, the interactive page 190 reflects the viewing session-specific
interests of the user. Consequently, the likelihood that the user selects a video asset
for playback via the dynamically regenerated interactive page 190 is greater than the
likelihood that the user would select a video asset for playback from an interactive

page that does not change during the interactive session.

[0040] Notably, the optimization engine 150 optimizes the likelihood that a user
selects a video asset for playback during the current interactive session irrespective
of the amount or quality of historical user data associated with the user. For instance,
in some embodiments, because there is no historical user data associated with a new
user, the page build engine 140 generates the initial interactive page 190(1) for a new
user in a user-agnostic manner. However, during the interactive session, the
optimization engine 150 regenerates rows based on the current session interaction
data. Consequently, the likelihood that the new user selects a video asset for

playback via the dynamically regenerated interactive page 190 is greater than the
11
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likelihood that the new user would select a video asset for playback from an

interactive page that does not change during the interactive session

[0041] Note that the techniques described herein are illustrative rather than restrictive,
and may be altered without departing from the broader spirit and scope of the
invention. In particular, the functionality provided by the optimization subsystem 120,
the training engine 130, the page build engine 140, and the optimization engine 150
may be implemented in any number of software applications in any combination.
Each of the software applications may execute on any instruction execution system
and may be stored in any memory. For example, in some embodiments, the page
build engine 140 may execute on a processor that is included in a client device, while
the optimization engine 150 may execute on a processor that is included in a server.
In other embodiments, the functionality provided by the optimization subsystem 120
during an interactive session may be implemented in any number of client-side
applications, while the remaining functionality may be implemented in any number of
server-side applications. Further, in various embodiments, any number of the
techniques disclosed herein may be implemented while other techniques may be

omitted in any technically feasible fashion.

[0042] Many modifications and variations on the functionality provided by the
optimization subsystem 120, the training engine 130, the page build engine 140, and
the optimization engine 150 will be apparent to those of ordinary skill in the art without
departing from the scope and spirit of the described embodiments. For instance, in
alternate embodiments, the optimization engine 150 may regenerate unseen rows to
mitigate impression fatigue. In impression fatigue, as the number of times that a user
receives information associated with a particular video asset increases, the likelihood
that the user selects and plays the video asset decreases. In some embodiments, the
optimization subsystem 120 may regenerate items within rows in addition to or

instead of regenerating rows.

[0043] Alternate embodiments include any system that is configured to interactively
optimize any number and type of display widgets that include any number of type of
items based on model parameters and interactions with the display widgets at any
level of granularity. For instance, in some embodiments, the computer instances 110
included in the cloud 102 may be configured to implement applications that provide

shopping services for physical assets instead of applications that deliver both video
12
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and audio streams. In such embodiments, the optimization engine 150 may compute
selection likelihoods associated with the physical assets. Subsequently, the
optimization engine 150 may regenerate a shopping interactive page to include
information regarding physical assets with relatively high selection likelihoods at
locations (horizontal and/or vertical) within the shopping interactive page that are

associated with relatively high visibility.

[0044] In other embodiments, the optimization engine 150 may regenerate search
results within a search interactive page based on interactions with the search
interactive page while the user is performing searches. In yet other embodiments, the
optimization subsystem 120 may optimize an application display interface that is
distributed between various display widgets based on interaction data that reflects the

interactions of the user with any number of the display widgets in any combination.

[0045] Figure 2 is a more detailed illustration of the optimization subsystem 120 of
Figure 1, according to various embodiments of the present invention. As shown, the
optimization subsystem 120 includes, without limitation, model hyperparameters 210,
training data 220, the training engine 130, model parameters 230, the page build
engine 140, the interactive page 190, a visible portion 280, the optimization engine

150, and current session interaction data 290.

[0046] First, in the mode 180 “offline,” the training engine 130 executes machine
learning operations that optimize the performance of the probabilistic graphical user
model implemented in the optimization subsystem 120. More specifically, the training
engine 130 optimizes the model parameters 230 based on the training data 220. The
training data 220 may include any amount and type of user data associated with any
number of users and any number of viewing sessions. As part of optimizing the
model parameters 230, the training engine 130 generates a set of interests across the

training data 220. Each of the interests is not directly observable (i.e., is latent).

[0047] The hyperparameters 210 configure the training engine 130. In addition to a
value that defines the total number of interests that the training engine 210 includes in
the set of interests, the hyperparameters 210 may include any number of
regularization values. As persons skilled in the art will recognize, the regularization
values generalize the performance of the model for “non-training” data. In alternate

embodiments, the hyperparameters 210 may include any number and type of values.

13



10

15

20

25

30

WO 2018/009681 PCT/US2017/040921

[0048] As shown, the model parameters 230 include, without limitation, general
interest parameters 232, user interest probabilities 234, session interest probabilities
236, and row interest probabilities 238. The general interest parameters 232, the
user interest probabilities 234, the session interest probabilities 236, and the row
interest probabilities 238 comprise probability distributions over the set of interests. In
alternate embodiments, the model parameters 230 may include any number and type

of model parameters 230 at any level of granularity.

[0049] The general interest parameters 232 comprise a probability distribution over
the set of interests that is applicable to all the users. Each of the user interest
probabilities 234 comprise a probability distribution over the set of interests that is
specific to a particular user. Each of the session interest probabilities 236 comprise a
probability distribution over the set of interests that is specific to a particular viewing
session. Each of the row interest probabilities 236 comprise a probability distribution

over the set of interests that is specific to a particular row.

[0050] Subsequently, when the mode 180 is equal to “online” and a current user
initiates a current viewing session, the page build engine 240 generates the
interactive page 190(1) based on the current user data. As referred to herein, the
“current user data” includes any amount and type of user data that is associated with
the current user. As shown, the page build engine 140 includes, without limitation,
current user interest probabilities 245. The current user interest probabilities 245

comprise a probability distribution for the current user over the set of interests.

[0051] The page build engine 140 computes the current user interest probabilities 245
based on the current user data and the model parameters 132. Subsequently, for
each of the rows included in the interactive page 190, the page build engine 140
computes a playback likelihood based on the current user interest probabilities 245,
the general interest probabilities 232, and the row interest probabilities 238
associated with the row. Finally, the page build engine 140 generates the rows
included in the interactive page 190(1) based on the playback likelihoods. The page
build engine140 may generate the rows in any technically feasible fashion that
increases the likelihood that the user selects a video asset. For example, the page
build engine 140 could generate the rows in the interactive page 190(1) in an order of

decreasing playback likelihood relative to the top of the interactive page 190(1).
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[0052] After the page build engine 140 generates the interactive page 190(1), the
optimization subsystem 120 sets the current session interest probabilities 255 equal
to the current user interest probabilities 245. The current session interest probabilities
255 comprise a probability distribution for the current viewing session over the set of
interests relative to the current user interest probabilities 245. The optimization
subsystem 120 then displays the visible portion 280 of the interactive page 190(1) to
the current user via the consumer device. In general, the visible portion 280 of the
interactive page 190 is commensurate with any type of display window or display
device that is associated with the current viewing session and the consumer device.
As the current user interacts with the interactive page 190(1), the optimization
subsystem 120 stores interaction data as the current session interaction data 290 and

transmits the current session interaction data 290 to the optimization engine 150.

Regenerating Rows During a Current Viewing Session
[0053] The optimization engine 150 receives the current session interaction data 290
and computes the current session interest probabilities 255. In operation, the
optimization engine 150 computes the current session interest probabilities 255 based
on the current session interaction data 290, the current user interest probabilities 245,
and the model parameters 230. Subsequently, for each unseen row included in the
interactive page 190(1), the optimization engine 150 computes a playback likelihood.
The optimization engine 150 computes the playback likelihood for an unseen row
based on the current session interest probabilities 255, the current user interest
probabilities 245, the general interest probabilities 232, and the row interest

probabilities 238 associated with the unseen row.

[0054] The optimization engine 150 then regenerates the unseen rows included in the
interactive page 190(1) based on the playback likelihoods to generate the interactive
page 190(2). Notably, to ensure a consistent viewing experience, the optimization
engine 150 does not regenerate any of the “seen” rows that have been displayed
during the current viewing session. The optimization engine 150 may regenerate the
unseen rows in any technically feasible fashion that increases the likelihood that the
user selects a video asset for playback. For example, the optimization engine 150
could generate the unseen rows in the interactive page 190(2) in an order of
decreasing playback likelihood relative to the top of the unseen rows. In alternate

embodiments, the optimization engine 140 may also regenerate the information
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provided within any number of the unseen rows. For example, the optimization
engine could regenerate information about video assets included in a given unseen
row based on a horizontal order of decreasing playback likelihood relative to the left of

the unseen row.

[0055] After the optimization engine 150 generates the interactive page 190(2), the
optimization subsystem 120 displays the visible portion 280 of the interactive page
190(2) instead of the interactive page 190(1) to the current user via the consumer
device. As the current user interacts with the interactive page 190(2), the optimization
subsystem 120 includes the new interaction data in the current session interaction
data 290 and transmits the current session interaction data 290 to the optimization
engine 150. In general, upon receiving new current session interaction data 290, the
optimization engine 150 recomputes the current session interest probabilities 255.
The optimization engine 150 then regenerates unseen rows included in the current
interactive page 190(i) based on the recomputed current session interest probabilities
to generate a regenerated interactive page 190(i+1) . Accordingly, the interactive
page 190 reflects the operations performed by the current user in real-time and,
consequently, the likelihood that the current user selects a video asset for playback is

optimized.

[0056] As depicted with a dotted line, after the user terminates the current viewing
session, the optimization subsystem 120 adds the current session interaction data
290 to the training data 220. Subsequently, when the mode 180 is equal to “offline,”
the training engine 130 performs machine learning operations that generate new
model parameters 230 based on the training data 220, including the current session
interaction data 290. In this fashion, the training engine 130 is configured to

repeatedly optimize the model parameters 230.

[0057] As a general matter, the training engine 130, the page build engine 140, and
the optimization engine 150 may implement any number and type of machine learning
operations and/or inference operations to optimize the interactive page 190. For
instance, in some embodiments, the training engine 130, the page build engine 140,
and/or the optimization engine 150 implement one or more of Expectation
Maximization techniques, an inner product recommender, a factorization machine, a

neural network, a decision tree, and a submodular function.
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[0058] Figure 3 is an exemplary illustration of regeneration operations 330 performed
by the optimization engine 150 of Figure 2, according to various embodiments of the
present invention. For explanatory purposes only, the interactive page 190 includes
six rows and six columns, and the visible portion 280 include two rows and three
columns. In alternate embodiments, the interactive page 190 and the visible portion

280 may include any number of rows and columns.

[0059] As part of initiating a current viewing session for a current user, the
optimization subsystem 120 transmits current user data to the page build engine 140.
In response, the page build engine 140 computes the current user interest
probabilities 245. For each of the rows, the page build engine 140 then computes a
playback likelihood based on the current user interest probabilities 245, the general
interest probabilities 232, and the row interest probabilities 238 associated with the
row. The page build engine 140 generates the rows based on the playback

likelihoods to generate the interactive page 190(1).

[0060] For explanatory purposes only, the page build engine 140 generates the rows
in an order of decreasing playback likelihood from the top of the interactive page
190(1) to the bottom of the interactive page 190(1). As shown, the interactive page
190(1) includes, from top to bottom, a "goofy comedy” row, an “action” row, a “horror”
row, a “feel-good” row, a “documentary” row, and a “foreign comedy” row. The visible

portion 280 of the interactive page 190(1) enables the user to view information

” o ” o ” o

associated with “goofy comedy A,” “goofy comedy B,” “goofy comedy C,” “action A,”

“action B,” and “action C. ”

[0061] The current user performs horizontal scrolls 310 on the top “goofy comedy” row
included in the visible portion 280 of the interactive page 190(1). By contrast, the
current user does not perform any operations on the second “action” row that is
included in visible portion 280 of the interactive page 190(1). The current user then
performs a downward scroll 320. The optimization subsystem 150 includes the
horizontal scrolls 310 and the downward scroll 320 in the current session interaction
data 290. Consequently, the current session interaction data 290 indicates that the

user likely has more interest in the “goofy comedy” row in the “action” row.

[0062] Upon receiving the current session interaction data 290, the optimization

engine 150 computes the current session interest probabilities 255 based on the
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current session interaction data 290, the current user interest probabilities 245, and
the model parameters 230. For each unseen row, the optimization engine 150 then
computes the playback likelihood based on the current session interest probabilities
255, the current user interest probabilities 245, the general interest probabilities 232,

and the row interest probabilities 238 associated with the unseen row.

[0063] For instance, for the “documentary” row, the optimization engine 150 computes
the playback likelihood based on the current session interest probabilities 255, the
current user interest probabilities 245, the general interest probabilities 232, and the
row interest probabilities 238 associated with the “documentary” row. In alternate
embodiments, the optimization engine 150 may compute the playback likelihoods in
any technically feasible fashion that is based on the current session interest
probabilities 255.

[0064] The unseen rows are the “horror,” “feel-good,” “documentary,” and “foreign
comedy” rows. To generate the interactive page 190(2), the optimization engine 150
performs the regeneration operations 330 that regenerate the unseen rows included
in the interactive page 190(1). More specifically, the optimization engine 150
regenerates the unseen rows in an order of decreasing playback likelihood from the
top of the interactive page 190(2) to the bottom of the interactive page 190(2). As
shown, because the current session interaction data 290 indicates that the current
user has more interest in the “goofy comedy” row than the “action” row, the
optimization engine 150 performs the regeneration operations 330 that generate the
“foreign comedy” row as the third row in the interactive page 190(2). Further, the
regeneration operations 330 generate the “feel-good” row as the fourth row, the
“‘documentary” row as the fifth row, and the “horror” row as the final row included in

the interactive page 190(2).

[0065] The optimization engine 150 then causes the consumer device to display the
visible portion 280 of the interactive page 190(2) instead of the visible portion 280 of
the interactive page 190(1). As shown, because the current user performed the
downward scroll 320, the visible portion 280 of the interactive page 190(2) is shifted
downwards relative to the visible portion 280 of the interactive page 190(1). More
specifically, the visible portion 280 of the interactive page 190(2) enables the current
user to view information associated with “foreign comedy A,” “foreign comedy B,”

“foreign comedy C,” “feel-good A,” “feel-good B,” and “feel-good C. ”
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[0066] Advantageously, by regenerating the unseen rows, the optimization engine 150
increases the efficiency with which the current user is able to locate information on
video assets that are closely related to the video assets in the “goofy comedy” row.

As a general matter, by regenerating items included in the interactive page 190(i) in
real-time based on the interactions of the current user with the previous interactive
pages 190(i-1) through 190(1), the optimization engine 150 reduces the time required

for the user to view information associated with an item that arouses an interest.

[0067] Figure 4 is a flow diagram of method steps for or generating an interactive
page during a current viewing session, according to various embodiments of the
present invention. Although the method steps are described with reference to the
systems of Figures 1-3, persons skilled in the art will understand that any system
configured to implement the method steps, in any order, falls within the scope of the

present invention.

[0068] As shown, a method 400 begins at step 404, where the optimization

subsystem 120 operates in the mode 180 “online” and transmits current user data to
the page build engine 140 to initiate a current viewing session for the current user.
The current user data may include any number and type of data that enables the page
build engine 140 to personalize the current viewing session. For example, the current
user data could comprise a user name, interaction data associated with previous
viewing sessions, implicit preferences, and/or explicit preferences. At step 406, the
page build engine 140 computes the current user interest probabilities 245 based on

the current user data and the model parameters 230.

[0069] As described previously herein, the general interest probabilities 232, the user
interest probabilities 234, the session interest probabilities 236, and the row interest
probabilities 238 included in the model parameters 230 comprise probability
distributions over a set of interests. The training engine 130 determines the set of
interests during the machine learning operations that generate the model parameters
230 based on the training data 220. In a complementary fashion, the current user
interest probabilities 245 comprise a probability distribution for the current user over

the set of interests.

[0070] At step 408, the page build engine 140 generates the first interactive page
190(1), displays the visible portion 280 of the first interactive page 190(1), and sets
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the current interactive page 190 equal to the first interactive page 190(1). More
precisely, the page build engine 140 generates the interactive page 190(1) based on
the current user interest probabilities 245, the general interest probabilities 232, and
the row interest probabilities 238. As persons skilled in the art will recognize, the
visible portion 280 is commensurate with any type of display window or display device
that is associated with the viewing session. At step 410, the optimization subsystem
150 processes one or more operations that the user performs via the current
interactive page 190 and adds information associated with the operations to the

current session interaction data 290.

[0071] At step 412, the optimization engine 150 computes the current session interest
probabilities 255 based on the current session interaction data 290 and the model
parameters 230. As described previously herein, the current session interest
probabilities 255 comprise a probability distribution for the current viewing session
over the set of interests relative to the current user interest probabilities 245. At step
414, for each “unseen” row, the optimization engine 150 computes a playback
likelihood based on the current session interest probabilities 255, the current user
interest probabilities 245, the general interest probabilities 232, and the row interest
probabilities 238 associated with the unseen row. In alternate embodiments, the
optimization engine 150 may compute the playback likelihoods in any technically

feasible fashion.

[0072] At step 416, the optimization engine 150 regenerates any number of the
unseen rows that are included in the current interactive page 190 based on the
playback likelihoods to generate a new interactive page 190. Notably, to ensure a
consistent viewing experience, the optimization engine 150 does not regenerate any
of the “seen” rows that have been displayed during the viewing session. The
optimization engine 150 may regenerate the unseen rows in any technically feasible
fashion that increases the likelihood that the user selects a video asset for playback.
For example, the optimization engine 150 could generate the unseen rows in the new
interactive page 190 in an order of decreasing playback likelihood relative to the top

of the unseen rows.

[0073] At step 418, the optimization engine 150 displays the visible portion 280 of the
new interactive page 190 and sets the current interactive page 190 equal to the new

interactive page 190. At step 420, the optimization engine 150 determines whether
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the current viewing session is finished. If, at step 420, the optimization engine 150
determines that the current viewing session is not finished, then the method 400
returns to step 410, where the optimization engine 150 regenerates the unseen rows
based on additional operations that the user performs via the current interactive page
190.

[0074] If, however, at step 420, the optimization engine 150 determines that the
current viewing session is finished, then the method 400 proceeds to step 422. At
step 422, the optimization subsystem 120 adds the current session interaction data
290 to the training data 220. At step 422, the optimization subsystem 150 operates in
the mode 180 “offline,” and the training engine 130 performs machine learning
operations that generate new model parameters 230 based on the training data 220,
including the current session interaction data 290. Because the optimization
subsystem 150 optimizes the model parameters 290 based on the current viewing
session, subsequent viewing sessions executed by any number of users benefit from

the corresponding, improved probabilistic graphical user model.

[0075] In sum, the disclosed techniques may be used to display video assets as part
of a video asset distribution system. An optimization subsystem includes a training
engine, a page build engine, and an optimization engine. The training engine
generates a set of interests and model parameters based on training data (e.g.,
scrolls, clicks, explicitly specified preferences, rankings, etc.). When a current user
initiates a current viewing session, the page build engine computes a probability
distribution for the current user over the set of interests based on current user data
and the model parameters. The page build engine then generates the rows included
in an interactive page of available video assets based on the probability distribution
associated with the current user and probability distributions associated with each of

the rows.

[0076] As the user interacts with the interactive page, the optimization engine
computes the probability distribution for the current viewing session based on the user
interactions, the probability distribution associated with the current user, and the
model parameters. The optimization engine then regenerates the unseen rows based
on the probability distribution associated with the current viewing session and the
probability distributions associated with each of the unseen rows. As referred to

herein, the “unseen” rows are the rows that have not been displayed to the current
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user during the current viewing session. The optimization engine may recompute the
probability distribution associated with the current viewing session and regenerate the

unseen rows any number of times during the current viewing session.

[0077] Advantageously, by regenerating the unseen rows, the optimization engine
increases the likelihood that the current user selects a video asset for playback. More
specifically, because the optimization engine performs regeneration operations based
on the user interactions during the current viewing session, as the current user scrolls
downward through the rows, newly displayed rows reflect the viewing session-specific
interests of the current user. By contrast, because a conventionally generated
interactive page is not changed during the session, the interactive page does not
necessarily correlate to the interests of the current user during the current viewing

session.

[0078] 1. In some embodiments, a method comprises displaying a first portion of an
interactive page during a viewing session, wherein the first portion of the interactive
page includes a first set of items; computing a probability distribution for the viewing
session over a set of interests based on one or more model parameters and one or
more operations performed by a first user within the interactive page during the
viewing session; regenerating a second portion of the interactive page based on the
probability distribution for the viewing session and the one or more model parameters,
wherein the second portion of the interactive page includes a second set of items that
were not included in the first portion of the interactive page; and displaying at least a

part of the second portion of the interactive page.

[0079] 2. The method of clause 1, wherein the second set of items includes a first
item and a second item, the one or more model parameters include a first

item probability distribution for the first item over the set of interests and a second
item probability distribution for the second item over the set of interests, and
regenerating the second portion of the interactive page comprises computing a first
selection likelihood based on the probability distribution for the interactive session
and the first item probability distribution; computing a second selection likelihood
based on the probability distribution for the interactive session and the second item
probability distribution; and if the first selection likelihood is higher than the second
selection likelihood, then including the first item at a first location within the second

portion of the interactive page and the second item at a second location within the
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second portion of the interactive page, wherein the first location is associated with a
higher visibility than the second location; or if the first selection likelihood is not higher
than the second selection likelihood, then including the second item at the first

location and the first item at the second location.

[0080] 3. The method of clauses 1 or 2, wherein each item included in the second set
of items comprises information about a video asset or a row of information about a

plurality of video assets.

[0081] 4. The method of any of clauses 1-3, wherein the one or more operations
performed by the first user include at least one of a horizontal scrolling operation, a

vertical scrolling operation, and a selection operation.

[0082] 5. The method of any of clauses 1-4, further comprising, prior to displaying the
first portion of the interactive page computing a probability distribution for the first user
over the set of interests based on the one or more model parameters and user data

that is associated with the first user; and generating the interactive page based on the

probability distribution for the first user.

[0083] 6. The method of any of clauses 1-5, further comprising, prior to initiating the
first viewing session, setting the probability distribution for the viewing session equal

to the probability distribution for the first user.

[0084] 7. The method of any of clauses 1-6, further comprising adding the one or
more operations performed by the first user to a set of training data; performing one
or more machine learning operations based on the set of training data to generate
one or more new model parameters that are included in a new model that maps user
data to selection likelihoods; and generating a new interactive page based on the one

or more new model parameters and user data that is associated with a second user.

[0085] 8. The method of any of clauses 1-7, wherein the probability distribution for

the viewing session is generated from an expectation—maximization algorithm.

[0086] 9. In some embodiments, a computer-implemented computer-readable
storage medium includes instructions that, when executed by a processor, cause the
processor to perform the steps of displaying a first portion of an interactive page

during a viewing session, wherein the first portion of the interactive page includes a
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first set of items; computing a probability distribution for the viewing session over a set
of interests based on a probabilistic graphical user model and one or more operations
performed by a first user within the interactive page during the viewing session; for
each item included in a second set of items that are included in the interactive page
but were not included in the first portion of the interactive page, computing a selection
likelihood based on the probability distribution for the viewing session and the
probabilistic graphical user model; and regenerating a second portion of the
interactive page for display during the viewing session based on the selection

likelihoods.

[0087] 10. The computer-readable storage medium of clause 9, wherein the second
portion of the interactive page includes a first item and a second item, and
regenerating the second portion of the interactive page comprises if a first selection
likelihood that is associated with the first item is higher than a second selection
likelihood that is associated with the second selection, then including the first item at a
first location within the second portion of the interactive page and the second item at a
second location within the second portion of the interactive page, wherein the first
location is associated with a higher visibility than the second location; or if the first
selection likelihood is not higher than the second selection likelihood, then including

the second item at the first location and the first item at the second location.

[0088] 11. The computer-readable storage medium of clauses 9 or 10, wherein each
item included in the second set of items comprises information about a video asset or

a row of information about a plurality of video assets.

[0089] 12. The computer-readable storage medium of any of clauses 9-11, wherein
the one or more operations performed by the first user include at least one of a

horizontal scrolling operation, a vertical scrolling operation, and a selection operation.

[0090] 13. The computer-readable storage medium of any of clauses 9-12, further
comprising, prior to displaying the first portion of the interactive page computing a
probability distribution for the first user over the set of interests based on the
probabilistic graphical user model and user data that is associated with the first user;
and generating the interactive page based on the probability distribution for the first

user.
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[0100] 14. The computer-readable storage medium of any of clauses 9-13, further
comprising, prior to initiating the first viewing session, setting the probability

distribution for the viewing session equal to the probability distribution for the first user.

[0101] 15. The computer-readable storage medium of any of clauses 9-14, further
comprising performing one or more machine learning operations on an untrained
probabilistic graphical user model to generate the set of interests and one or more

model parameters that are included in the probabilistic graphical user model.

[0102] 16.The computer-readable storage medium of any of clauses 9-15, wherein the
probability distribution for the viewing session is generated from an expectation—

maximization algorithm.

[0103] 17.In some embodiments, a system comprises a memory storing instructions
associated with a optimization engine; and a processor that is coupled to the memory
and, when executing the instructions, is configured to compute a probability
distribution for a viewing session over a set of interests based on a probabilistic
graphical user model and one or more operations performed by a first user within an
interactive page during the viewing session; select a first set of items that are included
in the interactive page but have not been displayed during the viewing session; and
regenerate a portion of the interactive page based on the probability distribution for
the viewing session and the one or more model parameters, wherein the portion of
the interactive page includes a set of items that are included in the interactive page

but have not been displayed during the viewing session.

[0104] 18. The system of clause 17, wherein each item included in the set of items
comprises information about a video asset or a row of information about a plurality of

video assets.

[0105] 19. The system of clauses 17 or 18, wherein the one or more operations
performed by the first user include at least one of a horizontal scrolling operation, a

vertical scrolling operation, and a selection operation.

[0106] 20. The system of any of clauses 17-19, wherein the probability distribution for

the viewing session is generated from an expectation—maximization algorithm.
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[0107] The descriptions of the various embodiments have been presented for
purposes of illustration, but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations will be apparent to those
of ordinary sKkill in the art without departing from the scope and spirit of the described

embodiments.

[0108] Aspects of the present embodiments may be embodied as a system, method
or computer program product. Accordingly, aspects of the present disclosure may
take the form of an entirely hardware embodiment, an entirely software embodiment
(including firmware, resident software, micro-code, etc.) or an embodiment combining
software and hardware aspects that may all generally be referred to herein as a
““module” or “system. ” Furthermore, aspects of the present disclosure may take the
form of a computer program product embodied in one or more computer readable

medium(s) having computer readable program code embodied thereon.

[0109] Any combination of one or more computer readable medium(s) may be utilized.
The computer readable medium may be a computer readable signal medium or a
computer readable storage medium. A computer readable storage medium may be,
for example, but not limited to, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device, or any suitable combination
of the foregoing. More specific examples (a non-exhaustive list) of the computer
readable storage medium would include the following: an electrical connection having
one or more wires, a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a portable compact disc read-
only memory (CD-ROM), an optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this document, a computer
readable storage medium may be any tangible medium that can contain, or store a
program for use by or in connection with an instruction execution system, apparatus,

or device.

[0110] Aspects of the present disclosure are described above with reference to
flowchart illustrations and/or block diagrams of methods, apparatus (systems) and
computer program products according to embodiments of the disclosure. It will be
understood that each block of the flowchart illustrations and/or block diagrams, and

combinations of blocks in the flowchart illustrations and/or block diagrams, can be
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implemented by computer program instructions. These computer program
instructions may be provided to a processor of a general purpose computer, special
purpose computer, or other programmable data processing apparatus to produce a
machine. The instructions, when executed via the processor of the computer or other
programmable data processing apparatus, enable the implementation of the
functions/acts specified in the flowchart and/or block diagram block or blocks. Such
processors may be, without limitation, general purpose processors, special-purpose

processors, application-specific processors, or field-programmable gate arrays.

[0111] The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods and
computer program products according to various embodiments of the present
disclosure. In this regard, each block in the flowchart or block diagrams may
represent a module, segment, or portion of code, which comprises one or more
executable instructions for implementing the specified logical function(s). It should
also be noted that, in some alternative implementations, the functions noted in the
block may occur out of the order noted in the figures. For example, two blocks shown
in succession may, in fact, be executed substantially concurrently, or the blocks may
sometimes be executed in the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block diagrams and/or flowchart
illustration, can be implemented by special purpose hardware-based systems that
perform the specified functions or acts, or combinations of special purpose hardware

and computer instructions.

[0112] While the preceding is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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WHAT IS CLAIMED IS:

1. A computer-implemented method, comprising:

displaying a first portion of an interactive page during a viewing session,
wherein the first portion of the interactive page includes a first set of
items;

computing a probability distribution for the viewing session over a set of
interests based on one or more model parameters and one or more
operations performed by a first user within the interactive page during
the viewing session;

regenerating a second portion of the interactive page based on the probability
distribution for the viewing session and the one or more model
parameters, wherein the second portion of the interactive page includes
a second set of items that were not included in the first portion of the
interactive page; and

displaying at least a part of the second portion of the interactive page.

2. The computer-implemented method of claim 1, wherein the second set of items
includes a first item and a second item, the one or more model parameters include a
first item probability distribution for the first item over the set of interests and a second
item probability distribution for the second item over the set of interests, and
regenerating the second portion of the interactive page comprises:
computing a first selection likelihood based on the probability distribution for
the interactive session and the first item probability distribution;
computing a second selection likelihood based on the probability distribution
for the interactive session and the second item probability distribution;
and
if the first selection likelihood is higher than the second selection likelihood,
then including the first item at a first location within the second portion of
the interactive page and the second item at a second location within the
second portion of the interactive page, wherein the first location is
associated with a higher visibility than the second location; or
if the first selection likelihood is not higher than the second selection likelihood,
then including the second item at the first location and the first item at

the second location.
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3. The computer-implemented method of claim 1, wherein each item included in
the second set of items comprises information about a video asset or a row of

information about a plurality of video assets.

4. The computer-implemented method of claim 1, wherein the one or more
operations performed by the first user include at least one of a horizontal scrolling

operation, a vertical scrolling operation, and a selection operation.

. The computer-implemented method of claim 1, further comprising, prior to
displaying the first portion of the interactive page:
computing a probability distribution for the first user over the set of interests
based on the one or more model parameters and user data that is
associated with the first user; and
generating the interactive page based on the probability distribution for the first

user.

6. The computer-implemented method of claim 5, further comprising, prior to
initiating the first viewing session, setting the probability distribution for the viewing

session equal to the probability distribution for the first user.

7. The computer-implemented method of claim 5, further comprising:

adding the one or more operations performed by the first user to a set of
training data;

performing one or more machine learning operations based on the set of
training data to generate one or more new model parameters that are
included in a new model that maps user data to selection likelihoods;
and

generating a new interactive page based on the one or more new model

parameters and user data that is associated with a second user.

8. The computer-implemented method of claim 1, wherein the probability
distribution for the viewing session is generated from an expectation—maximization

algorithm.
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9. A computer-readable storage medium including instructions that, when
executed by a processor, cause the processor to perform the steps of:
displaying a first portion of an interactive page during a viewing session,
wherein the first portion of the interactive page includes a first set of
items;
computing a probability distribution for the viewing session over a set of
interests based on a probabilistic graphical user model and one or more
operations performed by a first user within the interactive page during
the viewing session;
for each item included in a second set of items that are included in the
interactive page but were not included in the first portion of the
interactive page, computing a selection likelihood based on the
probability distribution for the viewing session and the probabilistic
graphical user model; and
regenerating a second portion of the interactive page for display during the

viewing session based on the selection likelihoods.

10.  The computer-readable storage medium of claim 9, wherein the second portion
of the interactive page includes a first item and a second item, and regenerating the
second portion of the interactive page comprises:
if a first selection likelihood that is associated with the first item is higher than a
second selection likelihood that is associated with the second selection,
then including the first item at a first location within the second portion of
the interactive page and the second item at a second location within the
second portion of the interactive page, wherein the first location is
associated with a higher visibility than the second location; or
if the first selection likelihood is not higher than the second selection likelihood,
then including the second item at the first location and the first item at

the second location.

11.  The computer-readable storage medium of claim 9, wherein each item
included in the second set of items comprises information about a video asset or a

row of information about a plurality of video assets.
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12. The computer-readable storage medium of claim 9, wherein the one or more
operations performed by the first user include at least one of a horizontal scrolling

operation, a vertical scrolling operation, and a selection operation.

13.  The computer-readable storage medium of claim 9, further comprising, prior to
displaying the first portion of the interactive page:
computing a probability distribution for the first user over the set of interests
based on the probabilistic graphical user model and user data that is
associated with the first user; and
generating the interactive page based on the probability distribution for the first

user.

14. The computer-readable storage medium of claim 13, further comprising, prior
to initiating the first viewing session, setting the probability distribution for the viewing

session equal to the probability distribution for the first user.

15. The computer-readable storage medium of claim 9, further comprising
performing one or more machine learning operations on an untrained probabilistic
graphical user model to generate the set of interests and one or more model

parameters that are included in the probabilistic graphical user model.

16.  The computer-readable storage medium of claim 9, wherein the probability
distribution for the viewing session is generated from an expectation—-maximization

algorithm.

17. A system comprising:
a memory storing instructions associated with a optimization engine; and
a processor that is coupled to the memory and, when executing the
instructions, is configured to:
compute a probability distribution for a viewing session over a set of
interests based on a probabilistic graphical user model and one
or more operations performed by a first user within an interactive

page during the viewing session;
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select afirst set of items that are included in the interactive page but
have not been displayed during the viewing session; and

regenerate a portion of the interactive page based on the probability
distribution for the viewing session and the one or more model
parameters, wherein the portion of the interactive page includes a
set of items that are included in the interactive page but have not

been displayed during the viewing session.

18.  The system of claim 17, wherein each item included in the set of items
comprises information about a video asset or a row of information about a plurality of

video assets.
19.  The system of claim 17, wherein the one or more operations performed by the
first user include at least one of a horizontal scrolling operation, a vertical scrolling

operation, and a selection operation.

20.  The system of claim 17, wherein the probability distribution for the viewing

session is generated from an expectation—maximization algorithm.
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