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(57) ABSTRACT

In one example embodiment, a method includes receiving a
request for content to be presented to a current user. The
content has multiple elements that each have multiple pos-
sible element variations. The content has multiple possible
instances that would result from different combinations of
different ones of the possible element variations. The method
includes accessing a current-user context of the current user
that has data associated with or concerning the current user;
predicting multiple responses of the current user to multiples
ones of the possible instances of the content; selecting one of
the possible instances of the content for the current user based
on the predicted responses; and providing for presentation to
the current user a current actual instance of the content based
on the selected one of the possible instances of the content.
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USING USER CONTEXT TO SELECT
CONTENT

RELATED APPLICATION

[0001] This application is a continuation under 35 U.S.C.
§120 of U.S. patent application Ser. No. 12/117,325, filed 8
May 2008.

TECHNICAL FIELD
[0002] This disclosure generally relates to information sys-
tems.
BACKGROUND
[0003] With the great amount of information available on

the Internet, and the increasing competition for visitor atten-
tion, serving effective web pages is critically important in
many industries, such as online lead generation, brand pro-
motion, and online advertising, where the Internet is used to
direct visitors to web sites of vendors or advertisers. Such
activities depend heavily on targeting meaningful ads or con-
tent to visitors in the expectation of engendering specific
visitor interaction with specific web sites. Through hypertext
linking and supplemental content serving mechanisms,
online advertising systems allow ad messages to be delivered
through focused delivery channels that target specific audi-
ences and that are tailored to these different audiences. Visitor
interaction with a targeted message, such as an online ad or
text message typically results in the direction or redirection of
avisitor to a web page (landing page) served by an advertiser
orvendor. For example, when a visitor clicks on an advertise-
ment that is displayed on a target web page or clicks on a text
link produced as the result of a search engine query, the visitor
is directed to a landing page, also referred to as a lead capture
page. The landing page displays content that is a logical
extension of the advertisement or link, and is optimized to
feature specific keywords or phrases for indexing by search
engines. This type of lead generation system is one example
of'an application in which optimized web pages are served to
a visitor, and many other applications are possible.

[0004] Typical landing pages either present information
that is relevant to the visitor, such as text/image content, links,
or similar elements, or they provide the visitor with an oppor-
tunity to complete a transaction, such as by clicking on a link
to make a purchase, filling out a form, redeeming a coupon, or
performing some other action with the goal being the imme-
diate or eventual sale of a product or service. The event of a
visitor taking a desired action on a landing page is referred to
as a conversion. The efficiency or the quality of the web page
can be measured by its conversion rate, which is the percent-
age of visitors who completed the desired action. The effi-
ciency and effectiveness of an online marketing program is
thus determined by the conversion rate of the web pages used
in the program. Web pages are thus constantly evaluated and
possibly replaced or modified during the course of an ad
campaign.

[0005] This test and modification process hopefully yields
a web page or pages that are optimized for the campaign. In
this context, the term “optimized” refers to the result of a
process of designing web pages based on an estimated effi-
ciency with respect to a particular objective. Web pages can
be optimized along many different dimensions, depending
upon their purpose and the context in which they are accessed.
Web pages are typically optimized with respect to their cre-
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ative content and appearance, so that a visitor will be per-
suaded to purchase a product or service through the web page
based on the content and look and feel of the page. It is
generally very difficult to optimize web pages for all topics or
products that a website may provide and for all visitors to the
website. In some cases (e.g., for a specific audience) a par-
ticular page may be more efficient than another page, and in
other cases it may be less efficient. In order to maximize
efficiency and to prevent burnout caused by overexposure of
efficient web pages, page sponsors will generate multiple web
pages, each differing in some respect from the others, and
then rotate them in and out of service. Various different test-
ing schemes can be employed to test the effectiveness of
different web pages, such as A/B testing and multivariate
testing (MVT). Dramatic differences in visitor interaction can
be often be seen through testing different copy text, form
layouts, images, background colors and other features on a
landing page.

[0006] In the online advertising context, testing involves
comparing two or more content variations of one or more
components of a website in a live environment. The test
procedure typically performs numerous split tests or A/B tests
on aweb page at the same time to determine the best of two or
more web pages, or conducts multivariate testing to deter-
mine the best combination of content variations across mul-
tiple web page components. In multivariate testing, the prac-
tical limit on the number of combinations and the number of
variables in a test are the amount of time it will take to get a
statistically valid sample of visitors, given the rate of visitors
to the site per unit time and the average conversion rate across
the tested alternatives. In general, multivariate testing is car-
ried out on a dynamically generated website by setting up the
server to display the different variations of content in equal
proportions to incoming visitors. Visitor behavior after expo-
sure to the different variations is measured, analyzed and
presented as statistical data. The web page can then be modi-
fied in response to the statistical data and a new or modified
web page can be redeployed and then tested. Multivariate
testing is thus a relatively static testing scheme that is not
particularly flexible or conducive to real-time authoring or
modification of web pages.

[0007] One disadvantage associated with present web page
testing methods is that they assume that there is only one
optimal web page or that some features or characteristics are
inherently better or more important than other features. That
is, the multivariate testing protocols are set up under the
assumption that only one web page will be the best (i.e., most
efficient) page for all conditions. In reality, however, the
model of a single “best” web page is severely limiting
because different web pages may be better than others
depending upon a number of significant factors, such as
where and how the visitor accessed the page (visitor context),
the purpose of the web page, and many other possible factors.
Furthermore, the test-modification-retest cycle of present
testing methods to find a single optimum web page often
results in a test and deployment cycle that is too long in the
context of ad campaigns that typically require fast deploy-
ment of web pages.

Overview

[0008] Particular embodiments of a web page server opti-
mization system are described. Continuous full-path optimi-
zation from initial visitor interaction with the web page is
provided. The web page server optimization system includes
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a visitor context analysis component that analyzes certain
parameters related to how the visitor has accessed the web
page. A real-time web page optimizer component introduces
variations in one or more features of a web page to create a
new web page, conducts structured tests of the new web page,
compares the performance of the web page with one or more
known served web pages and removes from presentation
eligibility those pages with inferior performance. This system
facilitates real-time decision making of which web page of a
variety of different possible web pages to serve to a visitor
based on an accumulated visitor context. It further allows the
authoring of web pages that are optimized with respect to
eliciting a desired user interaction with the web page.

[0009] Such an optimization system can be used in any type
of'information retrieval application, such as a document, web
page, or online advertisement serving process, based on an
information request, such as a query executed through an
Internet search engine. For example, when a search is per-
formed using an online search engine (e.g., Google® or
Yahoo®), a content provider may serve a search result page to
the visitor in response to the query. If the visitor clicks on a
response link, or similarly, if the visitor clicks on an online ad
or message, an ad server or supplemental content provider
may direct the visitor to a web page that seeks to persuade the
visitor to make a purchase or interact further with the served
website. The system can also be used to optimize banner ads
or any other component in a system that provides the visitor
with an original impression and then re-directs the visitor to
subsequent websites. Thus, particular embodiments may be
directed to any type of keyword-based information retrieval
system or linked supplemental message serving system in
which content from one server is accessed through another
server, or where such supplemental content is embedded into
content from a different server computer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram of a network-based web
page optimization system in an example embodiment.
[0011] FIG. 2 illustrates the access and optimization of a
web page through a target website in an example embodi-
ment.

[0012] FIG. 3 illustrates representative features of an
example web page in a particular embodiment.

[0013] FIG. 4 is a flowchart that illustrates a general
method of optimizing a served web page in an example
embodiment.

[0014] FIG.5is ablock diagram illustrating components of
objective elements of visitor context in a web page server
process in a an example embodiment.

[0015] FIG. 6is ablock diagram illustrating components of
behavioral elements of visitor context in a web page server
process in an example embodiment.

[0016] FIG. 7 is a flowchart that illustrates a process flow
for real-time optimization through a learning and earning
method in an example embodiment.

[0017] FIG. 8 is a flowchart that illustrates a method of
determining the optimization for modeling in learning mode
sampling proportion in an example embodiment.

[0018] FIG. 9 is a flowchart that illustrates a method for
evolving a set of earners across time periods to optimize
campaign performance in an example embodiment.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0019] For purposes of the following description, the web
page that is served to the visitor may be a landing page that is
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accessed through one or more intermediate websites, or it
may be a web page thatis accessed directly on a target website
by the visitor. Unless otherwise stated, it should be under-
stood that the term “web page” or “landing page” may rep-
resent an entire web page, or a portion of a web page dis-
played on the visitor client computer. Likewise, it may
represent a component of a page, such as a banner ad. In a
general meaning, a web page or landing page served by pro-
cesses of a web page optimization method may be any type of
directed content that is served directly or indirectly from a
server computer to the visitor client computer over a network.

[0020] Aspects of the one or more particular embodiments
described herein may be implemented on one or more com-
puters or computing devices executing software instructions.
The computers may be networked in a client-server arrange-
ment or similar distributed computer network. FIG. 1 illus-
trates a computer network system 100 that implements one or
more particular embodiments of a landing page optimization
process. In system 100, network server computers 104 and
106 are coupled, directly or indirectly to one or more network
client computers 102 through a network 110. The network
interface between the server computers and client computers
may include one or more routers (not shown) that serve to
buffer and route the data transmitted between the computers.
Network 110 may be the Internet, a Wide Area Network
(WAN), a Local Area Network (LAN), or any combination
thereof. The client computer can be any class of computing
device, such as personal computer, workstation, laptop/note-
book computer, personal computing device (PDA), or mobile
communication or computing device, such as smartphone
118. The client computers could be coupled to network 110
directly or through intermediate networks, such as cell net-
work 111.

[0021] In one example embodiment, a visitor using client
computer 102 accesses one or more server computers, such as
target server computer 106, which is a World-Wide Web
(WWW) server that stores data in the form of web pages and
transmits these pages as Hypertext Markup Language
(HTML) files over the Internet 110 to the client computer 102,
using a web server process 116. For this embodiment, the
client computer 102 typically runs a web browser program
114 to access the web pages served by server computer 106
and any other available content provider or supplemental
server, such as server 108. In a typical web browsing session,
target server 106 can be a search engine server (e.g., Google),
publisher or portal site (e.g., Yahoo, MSN), vendor site (e.g.,
Amazon, Ebay), company site or any other target web site.
The target website served by server 106 typically contains its
own content as well as hyper links to other sites or content
directly served into the target web page from separate server
computers. One such separate server computer is web page
server 108. In one example embodiment, web page server
computer 108 represents a landing page or ad server computer
that serves advertisement messages or supplemental mes-
sages (collectively referred to as “ads™ or “advertisements™)
to the client computer 102 through the target website served
by server 106. Server computer 108 can also serve landing
pages that may be accessed through links or actions taken on
the target server 106 by the visitor, such as in the case of a
search engine query or hyperlink selection on the target web-
site. The landing page server 108 may have access to a variety
of different landing pages or ads that can be served to the
visitor based on various different factors. Such content may
be stored in a data store 121 closely coupled to server 108 or
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in a remote data store or other server resource. Data for such
landing pages or ad messages could comprise any type of
digital data, such as text, audio, graphic or video data. For this
case, the server computer 108 executes a componentized web
page process 118 that can build a web page that includes
several objects or components. The components are selected
or assembled in a manner that provides the most desirable or
effective web page that is ultimately displayed to the visitor
through client computer 102.

[0022] For the example embodiment illustrated in FIG. 1,
the web page or ad served by server 108 is optimized based on
defined criteria and processes executed by an optimizer server
104. Optimizer server 104 in network system 100 is a server
computer that executes an optimizer process 112. Client ver-
sions of this process or client modules for this server process
may also be executed on the client computer 102. This opti-
mizer process 112 may represent one or more executable
programs modules that are stored within network server 104
and executed locally within the server. Alternatively, how-
ever, it may be stored on a remote storage or processing
device coupled to server 104 or network 110 and accessed by
server 104 to be locally executed. In another example
embodiment, the optimizer process 112 may be implemented
in a plurality of different program modules, each of which
may be executed by two or more distributed server computers
coupled to each other, or to network 110 separately.

[0023] As shown in FIG. 1, the optimizer process 112
executed by server 104 includes a number of separate pro-
gramming modules (or components) that serve to evaluate
factors related to the visitor’s access of the web page served
by page server 108, analyze the web pages or ads that can
possibly be served to the visitor, and then optimize the land-
ing pages served to the visitor based on these, and other
factors. In one example embodiment, the optimizer process
112 includes a visitor context analyzer component 122 that
analyzes the various factors (contexts) dictating how the visi-
tor has accessed or been directed to the landing page through
the target website, and a testing module 124 that analyzes the
different landing pages available, compares their effective-
ness against one another and causes the most effective page or
pages to be served by server 108. The testing component 124
selects the most efficient web page based on the visitor con-
text results returned by the visitor context analyzer compo-
nent 122. The optimizer process 112 may also provide author-
ing or modification tools to define landing page content. This
function may work in conjunction with any componentized
web page process 118 executed on the web server 108.

[0024] Example embodiments illustrated and discussed
below will be presented in the context of a web page (landing
page) served by server 108 to the client visitor 102 through
target server 106, however, it should be noted that such
embodiments can also be directed to other supplemental con-
tent, such as banner ads, and the like, and to direct access by
the client without a target server. FIG. 2 illustrates the access
and optimization of a web page through a target website in an
example embodiment. For the example embodiment of FIG.
2, target website 202 represents a web page served by target
server 106. This web page includes text/graphical content, as
well as a number of different fields, such as a search field 201
and hyperlink buttons for accessing other pages within the
target site or on other sites on the Web. Web page 202 also
includes an online ad message 203. This ad contains a link to
an ad server 108 that directs the visitor to a landing page 206
when the visitor clicks on an appropriate area of the ad 203.
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Many different landing pages may be served by the landing
page server 108 in response to the ad message 203, and some
may be more effective than others in persuading the visitor to
take a particular action. In one example embodiment, the web
page 206 served in response to the visitor action is optimized
204 by a optimizer process 112 executed on server 104. In
general, optimization may be performed along any number of
dimensions. In one example embodiment, the landing page is
optimized in response to certain visitor context data as well as
features of the landing page itself. As can be seen in the
example of FIG. 2, landing page 206 contains a number of
different editable elements, and each discrete element can be
referred to as a feature of the landing page.

[0025] FIG. 3 illustrates representative features of an
example landing page or any served web page in an example
embodiment. A web page can have any number of different
features depending upon its creative content and its look and
feel (i.e., appearance/layout). It can include graphic elements
(pictures) 304, audio elements (e.g., sound effects, music)
306, video clips 305, text messages 308, and command but-
tons or action item selections, such as redeemable coupons
310 or any other mechanisms that allow a visitor to make a
purchase or interact with vendor or target site through the
landing page. When the visitor performs an action encour-
aged or provided by the web page, a conversion has occurred.
The various different features of the web page can all have an
effect on whether such a conversion will occur for a particular
visitor. Because web pages are audio/visual presentations, a
large number of different characteristics of the web page can
be defined as features. The color, size, number of elements,
type of audio, text font, and any other look and feel type
characteristics can be features. Similarly, characteristics
associated with each element within the web page can be
features, such as the actual content of a picture 304 (such as
the presence or absence of people, the nature of the depicted
scene, etc.) the genre and volume of any background music
305, the size and shape of any command or selection buttons
310, and so on. Because the features of a web page can have
a significant impact on a visitor’s experience they can directly
determine whether the visitor interacts with the page in the
desired manner. Thus, it is important for advertisers or vend-
ers to determine the effectiveness of their web page or pages
in order to determine the optimum pages to rotate in any given
campaign. For example, if an advertiser is offering an online
graduate degree program, changing the emphasis or content
of one or more features may directly affect a visitor’s
response based on context factors such as if the visitor
accessed the landing page through a web search (e.g., enter-
ing queries such as “online education,” “master’s degree,” or
“graduate schools™) or clicked on an online ad.

[0026] Each feature or group of features of FIG. 3 may be
referred to as a component of the served web page. Different
variations of features produce different web pages. In one
example embodiment, a componentized web page process
118 executed by page server 108 is used to create different
web pages for serving by server 108, or to select one or more
web pages from a body of available web pages stored in data
store 121. One function of the componentized web page
process 118 is to convert one or more features from a static
definition (e.g., color, font, etc.) or object (e.g., picture, video
clip, audio clip, etc.) into an editable component. This allows
different instantiations of each feature to be defined and
modified at the time of the page request by the visitor web
browser.
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[0027] In one example embodiment, many different web
pages, each containing one or more variations in one or more
features, are stored in a data store 121 for serving by the
landing page server 108. The different web pages may be
pre-defined with the different features included in each stored
landing page. Alternatively, a real-time authoring tool may be
provided to enable modification of one or more features at the
time the web page is requested by the landing page server 108.
Such an authoring tool may be provided as part of optimizer
process 112 or it may be provided by a separate process, such
as the componentized web page process 118.

Web Page Server Process

[0028] In one example embodiment, the web page server
process 112 includes several program components that pro-
vide the functions related to analyzing certain factors regard-
ing the visitor context of the visitor’s access to a web page,
analyzing features of the web page, providing authoring tools
to allow modification of the web page or selection processes
to allow the web page server to select an optimized web page
to serve to the visitor in response to visitor action on a target
website. In one example embodiment, the optimized web
page means the web page estimated to be most likely to elicit
a desired visitor interaction with or action on the web page,
such that the visitor action can be considered a conversion, or
similar successful act. In another example embodiment, the
optimized web page means the web page estimated to gener-
ate the highest visitor outcome, where visitor outcome can be
considered one of immediate revenue associated with a visi-
tor action on the web page, future revenue associated with a
visitor action on the web page (either of which is the “revenue
rate”), or the value of other successful outcomes (the “value
rate”). The optimized, or most effective, web page includes a
number of features, at least one or more of which are modi-
fiable in response to analysis of visitor context and pre-de-
fined landing page features. The optimized landing page is the
page that exceeds a defined or predicted effectiveness of one
or more other web pages based on a defined scale, and for a
particular instance consisting of visitor context and one or
more other factors.

[0029] In general, the optimizer process 112 utilizes an
accumulated body of visitor data regarding interaction with
one or more web pages to determine an optimized web page
to display to a visitor. Various types of session data, including
network traffic data for the client computer, demographic
information about the visitor, and statistics summarizing gen-
eral and specific session data of other visitors in similar
browsing sessions are defined and compiled. The accumu-
lated session data is utilized to estimate the parameters of a
predictive model, which can then be used to predict the effec-
tiveness of a served web page to a specific visitor. A test
process tests a number of web pages against one another to
select an optimized web page from among the web pages
based on the accumulated session data. The optimized web
page thus represents a page that is predicted to have a greater
likelihood of achieving a desired response from the visitor
due to the combination of features of the web page.

[0030] FIG. 4 is a flowchart that illustrates a general
method of optimizing a landing page in a landing page server
process in an example embodiment. In block 402, the system
specifies the variables related to various elements of session
data for a web browsing session in which a visitor accesses a
web page. The session data can include demographic charac-
teristics of the visitor, such as age, gender, ethnicity; and
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objective facts regarding the network access, such as the IP or
network ID for the client computer, client device type, client
location, and time and date of access. The session data can
also include certain behavioral trends or acts of the visitor
during the web browsing session, such as how the web site
was navigated to, frequency of visits to the web page, cursor
or keystroke activity during the browsing session, duration of
the browsing session, and so on. The session data also
includes characteristics of other visitors in analogous brows-
ing sessions. An analogous browsing session is a session in
which another visitor accessed the same web page as the
visitor, or a web page similar enough to the web page so as to
be considered substantially similar, or the same visitor has
accessed the same or substantially similar web page at a
different time. The other visitor characteristics include net-
work traffic data and any behavioral trends or acts of these
visitors during their respective analogous sessions, as well as
any other general and specific session data of each visitor that
may be disclosed or otherwise made available by such visi-
tors, either directly or indirectly. At any point during the
visitor’s browsing session, the set of values of the variables
associated with the visitor’s browsing session to that point
defines the “visitor context” of the session.

[0031] In block 404, the system defines a set of web page
features. Such features could include the features illustrated
in FIG. 3. The system then builds a predictive model, block
406. The predictive model includes parameters related to the
visitor context variables, the web page features, and combi-
nations thereof. The parameter values are estimated on the
basis of accumulated session and response data for previous
visitors. In one example embodiment, the desired outcome of
avisitor session might be that the visitor purchased a product.
In this embodiment the predictive model is a logistic regres-
sion model for which the possible responses are that the
visitor did or did not purchase a product during the course of
the session. The parameters of the logistic regression model
include as main effects the visitor context variables and the
web page features, together with two-way interaction terms
between each visitor context variable and each web page
feature, as defined in block 404. The training data set is the
accumulated session and response data for the prior visitors
and the estimated parameter values are those that maximize
the likelihood of the training data. In another example
embodiment the parameter values are chosen so as to mini-
mize the sum of the negative log-likelihood of the training
data and a regularization or penalty term. The regularization
term is typically the sum of the L1 or L2 norms of the param-
eter values. Alternatively, an LA norm, for any value of A
between 1 and 2 could also be used. The relative weights of
the negative log-likelihood term and the regularization term
can be chosen using one of several techniques that will be
familiar to those skilled in the art, such as cross-validation and
minimizing the AIC (Akaike Information Criterion).

[0032] In other example embodiments, the predictive
model includes an ensemble of models. In an example
embodiment in which the desired outcome of a visitor session
is that the visitor takes a desired action, such as purchasing a
product or submitting a completed form, the ensemble of
models contains two models. The first of these is a (regular-
ized) logistic regression model, and the second is one which
simply estimates the expected response to a given web page in
agiven visitor context as the observed count of positive visitor
responses to the given web page when the visitor has the given
visitor context divided by the observed count of all visitor
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responses to the given web page when the visitor has the given
visitor context (possibly smoothed using the Add2 or Add4
methods familiar to those skilled in the art).

[0033] In one example embodiment the two models in the
ensemble are combined as described in the following. For a
given web page and a given visitor context, the mean and
variance of the expected visitor response as estimated by the
(regularized) logistic regression model are used to define a
beta distribution through moment matching. This beta distri-
bution is used as the prior beta distribution in a two-level
hierarchical Bayes model for which the second or observation
level models the observed count of positive visitor responses
to the given web page when the visitor has the given visitor
context as a draw from a Binomial distribution with the num-
ber of observations equal to the observed count of all visitor
responses to the given web page when the visitor has the given
visitor context and probability parameter drawn from the
prior beta distribution. The variance parameter of the prior
beta distribution may be adjusted globally across all visitor
context and web page feature combinations through cross-
validation or AIC minimization.

[0034] As shown in block 408 of FIG. 4, the system cap-
tures datum for each variable associated with the visitor’s
browsing session upon initiation of the session and continues
through the visitor taking a desired action with respect to the
web page, quitting the session, or navigating away from the
web page without doing anything. The system thereby main-
tains the visitor context for a visitor throughout his or her
browsing session.

[0035] In block 410, the visitor context is correlated to a
combination of feature. variations for an optimized web page.
This optimized web page represents the web page with the
highest value visitor response, as predicted by the predictive
model, from among the body of possible web pages, given the
profile of the visitor, the network traffic patterns of the visitor,
and the inferred behavior of the other visitors. In block 412,
an initial web page to serve to the visitor is selected from a
body of possible web pages. The initial web page is selected
based upon visitor specific data that is available upon the
visitor’s initial access of the web page. Such information may
be relatively limited, and typically comprises objective traffic
data, such as client computer type, IP address (or other net-
work identifier), time of day, and similar items of informa-
tion. The initially served web page mayor may not be an
optimized web page with regard to its effectiveness in achiev-
ing a desired response from the visitor. In block 414, the
system selects a subsequent web page to serve to the visitor
from the body of possible web pages. The selection of the
subsequent web page is based on a number of factors, such as
data accumulated through the visitor’s experience from and
after the initiation of the browsing session, data accumulated
from other visitors’ browsing experiences, and data inferred
from what visitors with similar characteristics to the visitor
have done in analogous browsing sessions.

[0036] Asillustrated in FIG. 5, certain items of data regard-
ing different visitors’ profiles, network activity and present
and historic actions with regard to the web site in a present or
analogous browsing session are used to define a visitor con-
text for the browsing session. In general, the visitor context
can be divided into objective data for the visitor and network
traffic, and behavioral data regarding visitor actions and net-
work traffic.

[0037] FIG.5isablock diagram illustrating components of
objective elements 500 of visitor context in a web page server
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process in an example embodiment. The objective elements
comprise basic information that is available regarding the
network access between the client computer and the web page
server. This includes the client device type (e.g., workstation
computer, PDA, cell phone, etc.) 502, and the network iden-
tifier (e.g., IP address, MAC address, etc.) 504 for the device.
The objective data also includes the location 506 of the visitor
and client device during the browsing session. In some cases
the location can be derived from the network address, how-
ever, it may also be provided by location-based service (LBS)
software, or location determination circuitry (e.g., GPS mod-
ules) in the device, if available. The date, time, and day of'the
week 508 of the network access for the browsing session is
also an objective datum that is available, and is typically
easily obtained from the network interface components, such
as the Internet Service Provider (ISP) router circuitry. In
certain cases, visitor profile or demographic data 510 may be
available, such as a visitor’s age, gender, occupation, ethnic-
ity, preferences, and so on. These may be available through
profile data stored on the client computer, or from external
database, or through direct input by the visitor in response to
questionnaires or similar queries. Other objective conditions
512 may also be defined, and can include environmental
conditions related to the visitor, client computer or web
browsing session, such as weather, emergency conditions,
and the like. Such information may be provided through
external databases, or information that is available through
the ISP or other intermediate servers.

[0038] FIG. 6is ablock diagram illustrating components of
behavioral elements 600 of visitor context in a web page
server process in an example embodiment. These elements
largely relate to the navigation of the visitor to the web page
and actions taken by the visitor on the web page, if any. These
elements include the traffic source that the visitor came from
to access the web page. In some cases, the web page is
accessed directly by the visitor entering the URL (uniform
resource locator) of the page directly into a web portal, such
as an ISP home page or search engine URL command line. In
other cases, the web page is accessed indirectly through a
target website, such as a query in a search engine or access
through an ad or message in the target website. Block 602 of
FIG. 6 represents the traffic source of the visitor of the web
page, and can either be a publisher, which is the type of target
website itself (e.g., search engine, web portal, company site,
etc.), ora placement (e.g., message, ad, hyperlink, etc.) within
a target web page. For example, FIG. 2 illustrates the access
to landing page 206 through a placement (ad message) 203 on
target web site 202.

[0039] Placements within target web sites are often pro-
vided by ad or message providers other than the target web
site administrator. In this case, there are certain targeting
criteria 604 used by the publisher to target visitors within the
audience. Ads may be targeted and distributed based on broad
criteria, such as globally, nationally, regionally, for certain
time durations, and so on; or they may be targeted based on
specific criteria, such as visitor selections (clicks), and so on.
Other behavioral elements include visitor navigation through
an ad message 606, such as through a hierarchy of naviga-
tional menus, or specific visitor queries 608 in the target web
site. Certain passive acts may also comprise elements of the
visitor context. The duration of a browsing session 610 may
indicate interest or non-interest of a visitor, since most web
pages are primarily content providing rather than interactive.
In this case, a short session may imply noninterest, whereas a
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longer session may indicate valid interest by the visitor in the
web page. For interactive web pages, specific visitor action
612 (e.g., clicking on commands, making purchases, etc.) on
the web page is often an important factor of visitor context.
Depending on implementation details, the visitor context
blocks illustrated in FIGS. 5 and 6 may include different or
additional components. These elements each inform the deci-
sion used to select optimized web pages to display to the
visitor. Each element is treated as a variable in the optimizer
process 112 of FIG. 1. Some of the elements are more sig-
nificant than others in predicting the expected response of a
visitor viewing a specific web page. In one example embodi-
ment, each variable is assigned with a weight, derived from a
predictive model, where the weight represents its predictive
significance to the effectiveness of the web page.

[0040] Through the visitor context components 500 and
600, the optimization process 112 thus determines selection
of web pages based on a combination of factors that are
essentially external to the web page. Furthermore, it does not
select only one best or optimized web page to serve to the
visitor. An optimized web page for one visitor context may
not be optimized for a different visitor context, such as a
different time of day, or navigation through a direct query
versus a popup ad. One or more elements of the visitor context
are compiled for other visitors in analogous browsing ses-
sions. Thus, optimization is based on data compiled for many
visitor paths to the web page. The optimizer process imple-
ments continuous full-path optimization through real-time
decision making based on visitor context. Unlike traditional
MVT techniques that use a single iteration of multiple vari-
ables of a website, the optimizer process 112 iteratively ana-
lyzes the various elements of visitor context for different web
pages to select one or more optimized web pages from a body
of possible web pages.

[0041] In one example embodiment, the body of different
possible web pages is stored in a data store, such as data store
121, coupled directly or indirectly to page server 108, and that
stores a number of pre-defined web pages and web pages that
may be authored at the time of the page request by the visitor
web browser. Each web page in the data store includes a
different combination of feature variations to differentiate it
from the other web pages in the body of pages. The compo-
nentized web page process 118 may include an authoring tool
that is used to generate web pages with specific features or
combination of features. Different variations of web pages
may be generated and stored in data store 121 in addition to
any pre-stored web pages. Alternatively, the authoring tool
may be provided as a component within the optimizer process
112 to allow the optimizer server to modify the web pages
directly. The authoring tool supports the granular testable
components of' a web page, such as individual features of the
web page and applies business rules defined by the optimizer
process.

[0042] As shown in FIG. 1, the optimizer process 112
includes a testing component 124 that tests web pages within
a body of selectable web pages against one another to select
the optimized web page for a given visitor context, based on
the features of the web page. In one example embodiment, the
test process utilizes random sampling methods in combina-
tion with a champion-challenger scheme. For a given visitor
context the champion represents the web page currently pre-
dicted to be the optimized page. The challengers are web
pages that currently are or were previously predicted to have
a reasonable chance of outperforming the champion. Collec-
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tively, the champion and one or more challengers are called
the set of earners for the given visitor context. On the basis of
the visitor context some fraction of the visitor traffic is
directed to the set of earners, with the remaining traffic being
devoted to learning. In this context, a learner web page is a
web page that is used to learn with more precision the
expected value of a specified metric for the web page and
related web page for a particular visitor context and related
visitor contexts.

[0043] As described below, the set of earners for a visitor
context need not necessarily be static but may evolve through
the promotion of web pages identified through the learning
process to be successful pages to the pool of earner pages, and
the demotion of web pages deemed unsuccessful from the
pool of earner pages.

[0044] FIG. 7 is a flowchart that illustrates a process flow
for real-time optimization through a learning and earning
method in an example embodiment. In block 702, the system
obtains raw data to be used as training data in developing a
predictive model. Each observation in the training data set
describes a visitor context, a web page instance, and the
visitor response. In block 704, a predictive model is built, as
described previously with reference to FIG. 4. The system
outputs the predictive model estimates, which in particular
embodiments may be summarized by a set of model param-
eter coefficients. Typically, blocks 702 and 704 will be
executed in an oftline mode, for example, on a daily basis. In
block 706 the system determines the current visitor context
for the current visitor. In block 708 the system uses the current
visitor context to determine whether to route the current land-
ing page impression to the earning mode or to the learning
mode. In general, the learning mode is used to build up the
data that is used to derive the predictive model parameter
values, and the earning mode is used to test the effectiveness
of deployed web pages and to rotate effective pages in a
particular campaign.

[0045] In learning mode, the process performs a sampling
operation, block 716, to select a web page from the body of
web pages to serve to the visitor. In one example embodiment
the system samples uniformly from the body of web pages. In
another example embodiment, the set of earners for the cur-
rent visitor context is excluded from the set of web pages from
which the sampling is done. In another example embodiment,
the top N web pages as determined by predicted expected
visitor response for the current visitor context are identified
and over-sampled relative to the remaining body of web
pages. The value of the parameter N may be pre-specified or
may be determined using a rule applied to the predictions of
the predictive model, such as including all web pages pre-
dicted to perform within 3% (or similar range) of the pre-
dicted best web page. Those skilled in the art will recognize
this approach as being akin to an e-greedy algorithm as
applied to multi-armed bandits, where the best arm is pulled
with probability 1-e, and any other arm is uniformly ran-
domly pulled with probability €. In another example embodi-
ment, the sampling distribution is based on a predicted upper
confidence bound for each web page of the body of web
pages. The upper confidence bound is computed as the
expected visitor response plus a specified number of standard
deviations of the expected visitor response, where the
expected visitor response and the standard deviation of the
expected visitor response are derived from the predictive
model. Those skilled in the art will recognize this approach as
being akin to the upper confidence bound approach to multi-
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armed bandit problems, in which the arm with the highest
upper confidence bound is selected to be pulled next. If the
predictive model involves a regression-type model, then one
example embodiment of the sampling algorithm is a Gibbs
sampler. Given the visitor context, selection of a web page
involves specifying a variation for each landing page feature.
The Gibbs sampler is initialized by uniformly selecting one of
the variations for each landing page feature. One step of the
Gibbs sampler involves iterating over the landing page fea-
tures. At each iteration of the sampling process, one of the
landing page features is considered. The system samples from
the subset of web pages defined by sharing the current varia-
tions of all the other landing page features but differing on the
variation of the landing page feature currently under consid-
eration. Sampling amongst this subset of web pages is con-
ducted with the probabilities being proportional to the upper
confidence bounds for each web page. The Gibbs sampler is
terminated after a specified number of steps with the current
web page being selected. The selected web page is passed to
a learner instantiation and trafficking process, block 720,
before being served to the visitor, block 722.

[0046] Ifthe processinblock 708 routes the current landing
page impression to the earning mode, an earner sampling
process is executed, block 710. In one example embodiment
the number of earners for a given visitor context is limited to
be on the order often web pages, (or a similar number), which
is typically many fewer than the total number of possible web
pages, which could run to thousands or millions of pages. The
earner sampling process is then necessarily much simpler
than the learner sampling process. In one example embodi-
ment the web page is selected uniformly from the set of
earners. In another example embodiment, the a-greedy algo-
rithm described above is employed, i.e., the champion web
page is selected with probability 1-e and one of the challeng-
ers is uniformly randomly selected with probability €. In
another example embodiment the sampling distribution is
based on a predicted upper confidence bound for each web
page in the set of earners, as described above. In another
example embodiment, the web page is selected uniformly
from a subset of the earners. For this embodiment, the cham-
pion is in the subset. Each challenger is compared pair-wise
with the champion using the predicted expected response and
the standard deviation of the expected response for the cham-
pion and the challenger to define a test statistic. If the test
statistic is below a specified threshold, the challenger is
included in the subset, otherwise it is excluded. In other
example embodiments, the subset of earners is determined as
just described but the sampling distribution across the subset
is determined by the e-greedy algorithm or by the upper
confidence bound algorithm. In another example embodi-
ment the subset of earners is determined as above but the
sampling distribution across the subset is determined by the
number of consecutive periods for which the web page has
been a member of the subset, with those web pages which are
more recent additions to the subset being down-sampled rela-
tive to the longer-lived subset members. In another example
embodiment the determination of the subset of earners is
adjusted as follows. Any web page for which the number of
consecutive periods for which the web page has been a mem-
ber of the set of earners is less than some threshold is included
in the subset, regardless of the outcome of'its comparison with
the champion.

[0047] Alternatively, any web page for which the number of
landing page impressions that it has received since becoming
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a member of the set of earners is less than some threshold is
included in the subset, regardless of the outcome of its com-
parison with the champion. In another example embodiment
the sampling distribution for the web pages in the subset is
dependent on whether the web page is included in the subset
based on its recency to or lack of landing page impressions
while a member of the set of earners, or based on its compari-
son with the champion. Web pages that are relatively new to
the set of earners share a fixed proportion of earning mode
landing page impressions uniformly amongst themselves,
with the remaining proportion being distributed amongst the
remaining web pages in the subset according to one of the
rules outlined above. The selected web page is then passed to
an earner trafficking process, block 715, before being served
to the visitor, block 722.

[0048] As shown in FIG. 7, given the visitor context of the
current visitor, the system decides to route the landing page
impression to earning or to learning mode, block 708. In one
example embodiment, this decision is determined through a
process that identifies visitor contexts or the interaction
between visitor contexts and landing page features where
learning can be employed most profitably. FIG. 8 is a flow-
chart that illustrates a method of determining the optimization
for modeling in learning mode sampling proportion in an
example embodiment. The system first determines the overall
learning mode sampling proportion, block 801. This specifies
the percentage of all landing page impressions that will be
directed to learning mode as opposed to earning mode during
the course of the next time period, a time period being typi-
cally a day. In one example embodiment this proportion is
fixed over the lifetime of the campaign. In another example
embodiment, this proportion declines as a function of the
number of time periods since the start of the campaign or as
the number of time periods remaining in the campaign
decreases. In another example embodiment the proportion
declines as a function of the number of landing page impres-
sions served in the campaign to date or as the number of
landing page impressions estimated to be served during the
remainder of the campaign decreases. In another example
embodiment this proportion is increased whenever new land-
ing page features or landing page feature variations are added
to the campaign or whenever new visitor contexts are defined.
In particular embodiments the overall learning mode propor-
tion is applied to all visitor contexts equally, but other
embodiments the learning mode proportion specific to a visi-
tor context is adjusted as illustrated in FIG. 8. The adjustment
will be upwards for some visitor contexts and downwards for
others so that the overall learning mode proportion equals that
determined in block 801.

[0049] Asshown in FIG. 8, the system determines the visi-
tor contexts and (visitor context, landing page feature varia-
tions) combinations (or equivalently, corresponding model
parameters in the predictive model) for which the variance
around the performance predictions derived from the predic-
tive model is high, block 802. Further, the system determines
the visitor contexts and (visitor context, landing page feature
variations) (or equivalently, corresponding model parameters
in the predictive model) that are high leverage, block 804.
High leverage means that reducing the uncertainty in the
performance predictions of the predictive model will allow
the model to effectively distinguish the performance of two or
more landing page feature variations for one or more visitor
contexts, thereby allowing the system to direct more traffic to
one of the two or more landing page feature variations and
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leading to better overall campaign response. So, for example,
consider a visitor context and a landing page feature with
variations A and B. If variation A is predicted to perform
substantially better than variation B, then the visitor context-
landing page feature variation B combination is not high
leverage. Equally, if no other variation of the landing page
feature is predicted to perform better or comparably to varia-
tion A, then the visitor context-landing page feature variation
A combination is not high leverage. It is only if variations A
and B are predicted to have comparable performance and no
other variation of the landing page feature is predicted to
perform substantially better than variations A and B, that the
visitor context-landing page feature variation A and the visi-
tor context-landing page feature variation B combinations are
considered to be high leverage. The system uses the determi-
nations of high variance and high leverage visitor contexts
and visitor context-landing page feature variations combina-
tions to determine the most valuable visitor contexts (equiva-
lently, most valuable predictive model parameters) about
which to learn, block 806. This parameter selection is then
used to determine how to adjust the learning mode sampling
proportion for each visitor context, block 808.

[0050] FIG. 9 is a flowchart that illustrates a method for
evolving the set of earners across time periods to optimize
campaign performance in an example embodiment. In block
902, a visitor context is selected. For the selected visitor
context the set of earner page instances is initialized, block
912. In one example embodiment the set of earners is selected
randomly from the body of web pages. In another example
embodiment an initialization step is conducted, during which
the web page to serve for all landing page impressions is
randomly selected from the body of web pages. In this
embodiment the process requires data related to performance
estimates for particular web pages and visitor contexts, block
904, as derived from the predictive model. At the conclusion
of the initialization step the predictive model is utilized to
predict web page performance, and the set of earner web
pages is selected from among the web pages predicted to be
top performing. In another example embodiment the process
also determines inter-page distance, block 906. The body of
web pages can be thought of as existing in a multi-dimen-
sional hyperspace as defined by the landing page features and
variations. Each web page instance represents a point in the
hyperspace. By defining a distance metric on the hyperspace,
the distance between any pair of pages can be computed. In
this embodiment the selection of the set of earners is subject
to a constraint on the distance between any pair of page
instances included in the set. Alternatively, the set of earners
is chosen so as to optimize an objective function such as A-,
D-, E-, G- or I-efficiency from the field of design of experi-
ments, which will be familiar to those skilled in the art.

[0051] Once the set of earners has been initialized, at every
future time period the performance predictions derived from
the predictive model, block 904, determine the top perform-
ing learner page instances, block 908, and the low-performing
earner page instances, block 910. The top performing learner
page instances that are sufficiently distant from the current set
of earner pages are added to the earner pool, block 914. The
low-performing earner page instances identify earner pages
that are to be removed from the pool of earner pages, block
916. In one example embodiment the top-performing learner
pages are compared with the low-performing earner pages to
determine which learner pages should replace which earner
pages in the earner pool. The added, removed and initialized
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earner page instances all help determine the updated set of
earner page instances, block 918.

[0052] The integrated optimization and testing scheme
illustrated in FIGS. 7, 8, and 9 represents a core component of
the continuous full-path optimization process in which web
pages are continuously tested against one another in a “learn
and earn” methodology. The testing block 716 allows the
system to learn the respective effectiveness of the body of
possible web pages through structured test routines. The use
of different visitor contexts allows for differentiation of visi-
tor traffic and web page features, and the creation or selection
of'web pages based on these visitor contexts. Selected landing
pages are pushed to the visitor to determine their actual effec-
tiveness during deployment.

[0053] The optimization process described herein utilizes
an extensive amount of data relating to multiple visitors’
experiences during browsing sessions to determine the opti-
mized construction of a web page having multiple features. A
full-path optimization process uses variables related to visitor
characteristics, traffic data, and web page features to continu-
ously test variations of web pages against each other to deter-
mine the most effective web page for a given visitor context.
[0054] Particular embodiments of the web page optimiza-
tion method described herein may be implemented as func-
tionality programmed into any of a variety of circuitry,
including programmable logic devices (“PLDs”), such as
field programmable gate arrays (“FPGAs”), programmable
array logic (“PAL”) devices, electrically programmable logic
and memory devices and standard cell-based devices, as well
as application specific integrated circuits. Some other possi-
bilities for implementing particular embodiments include:
microcontrollers with memory (such as EEPROM), embed-
ded microprocessors, firmware, software, etc. Furthermore,
particular embodiments of the content serving method may
be embodied in microprocessors having software-based cir-
cuit emulation, discrete logic (sequential and combinatorial),
custom devices, fuzzy (neural) logic, quantum devices, and
hybrids of any of the above device types. The underlying
device technologies may be provided in a variety of compo-
nent types, e.g., metal-oxide semiconductor field-effect tran-
sistor (“MOSFET”) technologies like complementary metal-
oxide semiconductor (“CMOS”), bipolar technologies like
emitter-coupled logic (“ECL”), polymer technologies (e.g.,
silicon-conjugated polymer and metal-conjugated polymer-
metal structures), mixed analog and digital, and so on.
[0055] It should also be noted that the various functions
disclosed herein may be described using any number of com-
binations of hardware, firmware, or as data or instructions
embodied in various machine-readable or computer-readable
media, in terms of their behavioral, register transfer, logic
component, or other characteristics. Computer-readable
media in which such formatted data or instructions may be
embodied include, but are not limited to, non-volatile storage
media in various forms (e.g., optical, magnetic or semicon-
ductor storage media) and carrier waves that may be used to
transfer such formatted data or instructions through wireless,
optical, or wired signaling media or any combination thereof.
Examples of transtfers of such formatted data or instructions
by carrier waves include, but are not limited to, transfers
(uploads, downloads, e-mail, etc.) over the Internet or other
computer networks via one or more data transfer protocols
(e.g., HTTP, FTP, SMTP, and so on).

[0056] Herein, “or” is inclusive and not exclusive, unless
expressly indicated otherwise or indicated otherwise by con-
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text. Therefore, herein, “A or B” means “A, B, or both,” unless
expressly indicated otherwise or indicated otherwise by con-
text. Moreover, “and” is both joint and several, unless
expressly indicated otherwise or indicated otherwise by con-
text. Therefore, herein, “A and B” means “A and B, jointly or
severally,” unless expressly indicated otherwise or indicated
otherwise by context.

[0057] This disclosure encompasses all changes, substitu-
tions, variations, alterations, and modifications to the
example embodiments herein that a person having ordinary
skill in the art would comprehend. Similarly, where appropri-
ate, the appended claims encompass all changes, substitu-
tions, variations, alterations, and modifications to the
example embodiments herein that a person having ordinary
skill in the art would comprehend. Moreover, reference in the
appended claims to an apparatus or system or a component of
an apparatus or system being adapted to, arranged to, capable
of, configured to, enabled to, operable to, or operative to
perform a particular function encompasses that apparatus,
system, component, whether or not it or that particular func-
tion is activated, turned on, or unlocked, as long as that
apparatus, system, or component is so adapted, arranged,
capable, configured, enabled, operable, or operative.

What is claimed is:
1. A method comprising, by one or more computer sys-
tems:
receiving a request for content to be presented to a current
user, the content having a plurality of elements that each
have a plurality of possible element variations, the con-
tent having a plurality of possible instances that would
result from different combinations of different ones of
the possible element variations;
accessing a current-user context of the current user, the
current-user context comprising one or more data asso-
ciated with or concerning the current user;
predicting a plurality of responses of the current user to a
plurality of the possible instances of the content based
on one or more of:
the current-user context;
the possible element variations of the plurality of the
possible instances of the content;
one or more previous-user contexts of one or more pre-
vious users who have been presented one or more
previous actual instances of the content, each of the
previous actual instances of the content having been
provided for one of the previous users based on one of
the possible instances of the content selected for the
one of the previous users; or
one or more actual responses of the previous users to the
previous actual instances of the content;
selecting one of the possible instances of the content for the
current user based on the predicted responses; and
providing for presentation to the current user a current
actual instance of the content based on the selected one
of the possible instances of the content.
2. The method of claim 1, wherein:
the request for content to be presented to the current user
was communicated from a mobile device of the current
user; and
presentation to the current user of the current actual
instance of the content comprises presentation on the
mobile device.
3. The method of claim 2, wherein the mobile device is a
smartphone.

Oct. 13,2011

4. The method of claim 1, wherein the content is a landing
page and the elements are landing-page components.

5. The method of claim 1, wherein the content is media
comprising audio, video, or both.

6. The method of claim 1, wherein the content is a set of
web-search results.

7. The method of claim 1, wherein the content is an adver-
tisement.

8. The method of claim 7, wherein the advertisement is a
banner advertisement.

9. The method of claim 7, wherein the advertisement is
text-based.

10. The method of claim 1, wherein the content is a set of
text-based advertisements.

11. The method of claim 1, wherein selecting one of the
possible instances of the content for the current user is further
based on one or more business rules pre-determined for the
current-user context of the current user, the business rules
governing whether particular ones of the possible element
variations may be presented to the current user.

12. The method of claim 1, wherein the selected one of the
possible instances of the content for the current user is one of
the possible instances of the content having a predicted
response that satisfies a threshold requirement.

13. The method of claim 12, wherein the selected one ofthe
possible instances of the content for the current user is one of
the possible instances of the content having a most desirable
predicted response among substantially all the possible
instances of the content.

14. The method of claim 1, wherein:

the selected one of the possible instances of the content for

the current user is one of the possible instances of the

content used to test a response from the current user; and

the method further comprises:

receiving an actual response of the current user to the
current actual instance of the content provided based
on the possible instance of the content used to test the
response from the current user; and

analyzing the actual response of the current user.

15. The method of claim 1, wherein the selected one of the
possible instances of the content for the current user is one of
the possible instances of the content used as a control instance
of'the content for analyzing an actual response of the current
user to the current actual instance of the content.

16. The method of claim 15, further comprising:

receiving an actual response of the current user to the

current actual instance of the content provided based on
the control instance of the content; and

comparing the actual response of the current user to the

current actual instance of the content with at least one of
the actual responses of at least one of the previous users
to at least one of the previous actual instances of the
content, the at least one of the previous actual instances
ofthe content having been provided based on at least one
ofthe possible instances of the content selected for the at
least one of the previous users so that the at least one of
the possible instances of the content each has a predicted
response that satisfies a threshold requirement.

17. The method of claim 1, further comprising:

designating one of the possible instances of the content

having a most desirable predicted response among all of
the possible instances of the content as a champion
instance;
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designating one or more of the possible instances of the
content that are different from the champion instance as
one or more challenger instances, each of the challenger
instances having been predicted as possibly being more
desirable than the champion instance with respect to the
current-user context; and

selecting the one of the possible instances of the content for

the current user from the champion instance and the
challenger instances.

18. The method of claim 1, wherein the predicted responses
of'the current user to the possible instances of the content are
determined using one or more statistical models that each has
one or more inputs corresponding to the current-user context,
the possible element variations of the possible instances of the
content, the previous-user contexts, the previous actual
instances of the content, or the actual responses of the previ-
ous users to the previous actual instances of the content.

19. The method of claim 18, wherein each of the statistical
models is trained using the previous-user contexts, the previ-
ous actual instances of the content, and the actual responses of
the previous users to the previous actual instances of the
content.

20. The method of claim 1, wherein each of the predicted
responses indicates a likelihood of a desired interaction
between the current user and the corresponding possible
instance of the content or a desired outcome from a possible
interaction between the current user and the corresponding
possible instance of the content.

21. The method of claim 20, wherein each of the predicted
responses indicates a likelihood of the current user purchas-
ing one or more products through the corresponding possible
instance of the content.

22. The method of claim 1, wherein:

the current-user context comprises one or more objective

data or one or more behavioral data associated with or
concerning the current user;

the objective data comprise one or more of:

one or more demographic data of the current user;

one or more background data of the current user;

one or more conditions of a web-browsing session asso-
ciated with the current user;

one or more network-access data of the web-browsing
session associated with the current user; or

one or more network-traffic data of the current web-
browsing session associated with the current user, and

the behavioral data comprise one or more of:

one or more actions taken by the current user;

one or more actual responses of the current user to the
current actual instances of the content; or

a traffic source from which the current user accessed the
current actual instances of the content.

23. The method of claim 1, wherein:

each of the previous-user contexts comprises one or more

objective data or one or more behavioral data associated
with or concerning one of the previous users;

the objective data of each of the previous-user contexts

comprise one or more of:

one or more demographic data of the corresponding
previous user;

one or more background data of the corresponding pre-
vious user;

one or more conditions of a web-browsing session asso-
ciated with the corresponding previous user;
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one or more network-access data of the web-browsing
session associated with the corresponding previous
user; or
one or more network-traffic data of the web-browsing
session associated with the corresponding previous
user, and
the behavioral data of each of the previous-user contexts
comprise one or more of:
one or more actions taken by the corresponding previous
user;
one or more actual responses of the corresponding pre-
vious user to one of the previous actual instances of
the content; or
a traffic source from which the corresponding previous
user accessed one of the previous actual instances of
the content.
24. The method of claim 1, further comprising:
receiving an actual response of the current user to the
current actual instance of the content; and
updating the current-user context based on the actual
response of the current user to the current actual instance
of the content.
25. One or more computer-readable non-transitory storage
media embodying software that is operable when executed to:
receive a request for content to be presented to a current
user, the content having a plurality of elements that each
have a plurality of possible element variations, the con-
tent having a plurality of possible instances that would
result from different combinations of different ones of
the possible element variations;
access a current-user context of the current user, the cur-
rent-user context comprising one or more data associ-
ated with or concerning the current user;
predict a plurality of responses of the current user to a
plurality of the possible instances of the content based
on one or more of:
the current-user context;
the possible element variations of the plurality of the
possible instances of the content;
one or more previous-user contexts of one or more pre-
vious users who have been presented one or more
previous actual instances of the content, each of the
previous actual instances of the content having been
provided for one of the previous users based on one of
the possible instances of the content selected for the
one of the previous users; or
one or more actual responses of the previous users to the
previous actual instances of the content;
select one of the possible instances of the content for the
current user based on the predicted responses; and
provide for presentation to the current user a current actual
instance of the content based on the selected one of the
possible instances of the content.
26. The media of claim 25, wherein:
the request for content to be presented to the current user
was communicated from a mobile device of the current
user; and
presentation to the current user of the current actual
instance of the content comprises presentation on the
mobile device.
27. The media of claim 26, wherein the mobile device is a
smartphone.
28. The media of claim 25, wherein the content is a landing
page and the elements are landing-page components.
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29. The media of claim 25, wherein the content is media
comprising audio, video, or both.

30. The media of claim 25, wherein the content is a set of
web-search results.

31. The media of claim 25, wherein the content is an
advertisement.

32. The media of claim 31, wherein the advertisement is a
banner advertisement.

33. The media of claim 31, wherein the advertisement is
text-based.

34. The media of claim 25, wherein the content is a set of
text-based advertisements.

35. The media of claim 25, wherein selecting one of the
possible instances of the content for the current user is further
based on one or more business rules pre-determined for the
current-user context of the current user, the business rules
governing whether particular ones of the possible element
variations may be presented to the current user.

36. The media of claim 25, wherein the selected one of the
possible instances of the content for the current user is one of
the possible instances of the content having a predicted
response that satisfies a threshold requirement.

37. The media of claim 25, wherein the selected one of the
possible instances of the content for the current user is one of
the possible instances of the content having a most desirable
predicted response among substantially all the possible
instances of the content.

38. The media of claim 25, wherein:

the selected one of the possible instances of the content for

the current user is one of the possible instances of the

content used to test a response from the current user; and

the method further comprises:

receiving an actual response of the current user to the
current actual instance of the content provided based
on the possible instance of the content used to test the
response from the current user; and

analyzing the actual response of the current user.

39. The media of claim 25, wherein the selected one of the
possible instances of the content for the current user is one of
the possible instances of the content used as a control instance
of the content for analyzing an actual response of the current
user to the current actual instance of the content.

40. The media of claim 39, wherein the software is further
operable when executed to:

receive an actual response of the current user to the current

actual instance of the content provided based on the
control instance of the content; and

compare the actual response of the current user to the

current actual instance of the content with at least one of
the actual responses of at least one of the previous users
to at least one of the previous actual instances of the
content, the at least one of the previous actual instances
of'the content having been provided based on at least one
of'the possible instances of the content selected for the at
least one of the previous users so that the at least one of
the possible instances of the content each has a predicted
response that satisfies a threshold requirement.

41. The media of claim 25, wherein the software is further
operable when executed to:

designate one of the possible instances of the content hav-

ing a most desirable predicted response among all of the
possible instances of the content as a champion instance;
designate one or more of the possible instances of the
content that are different from the champion instance as
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one or more challenger instances, each of the challenger
instances having been predicted as possibly being more
desirable than the champion instance with respect to the
current-user context; and

select the one of the possible instances of the content for the

current user from the champion instance and the chal-
lenger instances.

42. The media of claim 25, wherein the predicted responses
of'the current user to the possible instances of the content are
determined using one or more statistical models that each has
one or more inputs corresponding to the current-user context,
the possible element variations of the possible instances of the
content, the previous-user contexts, the previous actual
instances of the content, or the actual responses of the previ-
ous users to the previous actual instances of the content.

43. The media of claim 42, wherein each of the statistical
models is trained using the previous-user contexts, the previ-
ous actual instances of the content, and the actual responses of
the previous users to the previous actual instances of the
content.

44. The media of claim 25, wherein each of the predicted
responses indicates a likelihood of a desired interaction
between the current user and the corresponding possible
instance of the content or a desired outcome from a possible
interaction between the current user and the corresponding
possible instance of the content.

45. The media of claim 44, wherein each of the predicted
responses indicates a likelihood of the current user purchas-
ing one or more products through the corresponding possible
instance of the content.

46. The media of claim 25, wherein:

the current-user context comprises one or more objective

data or one or more behavioral data associated with or
concerning the current user;

the objective data comprise one or more of:

one or more demographic data of the current user;

one or more background data of the current user;

one or more conditions of a web-browsing session asso-
ciated with the current user;

one or more network-access data of the web-browsing
session associated with the current user; or

one or more network-traffic data of the current web-
browsing session associated with the current user, and

the behavioral data comprise one or more of:

one or more actions taken by the current user;

one or more actual responses of the current user to the
current actual instances of the content; or

a traffic source from which the current user accessed the
current actual instances of the content.

47. The media of claim 25, wherein:

each of the previous-user contexts comprises one or more

objective data or one or more behavioral data associated
with or concerning one of the previous users;

the objective data of each of the previous-user contexts

comprise one or more of:

one or more demographic data of the corresponding
previous user;

one or more background data of the corresponding pre-
vious user;

one or more conditions of a web-browsing session asso-
ciated with the corresponding previous user;

one or more network-access data of the web-browsing
session associated with the corresponding previous
user; or
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one or more network-traffic data of the web-browsing
session associated with the corresponding previous
user, and
the behavioral data of each of the previous-user contexts
comprise one or more of:
one or more actions taken by the corresponding previous
user;
one or more actual responses of the corresponding pre-
vious user to one of the previous actual instances of
the content; or
a traffic source from which the corresponding previous
user accessed one of the previous actual instances of
the content.
48. The media of claim 25, wherein the software is further
operable when executed to:
receive an actual response of the current user to the current
actual instance of the content; and
update the current-user context based on the actual
response of the current user to the current actual instance
of the content.
49. A system comprising:
means for receiving a request for content to be presented to
a current user, the content having a plurality of elements
that each have a plurality of possible element variations,
the content having a plurality of possible instances that
would result from different combinations of different
ones of the possible element variations;
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means for accessing a current-user context of the current
user, the current-user context comprising one or more
data associated with or concerning the current user;
means for predicting a plurality of responses of the current
user to a plurality of the possible instances of the content
based on one or more of:
the current-user context;
the possible element variations of the plurality of the
possible instances of the content;
one or more previous-user contexts of one or more pre-
vious users who have been presented one or more
previous actual instances of the content, each of the
previous actual instances of the content having been
provided for one of the previous users based on one of
the possible instances of the content selected for the
one of the previous users; or
one or more actual responses of the previous users to the
previous actual instances of the content;
means for selecting one of the possible instances of the
content for the current user based on the predicted
responses; and
means for providing for presentation to the current user a
current actual instance of the content based on the
selected one of the possible instances of the content.
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