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cach advertisement being selected by a user if that advertisement is shown
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plurality of advertisements for placement on the first web page
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page that were selected or not selected by the user
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SELECTING ADVERTISEMENTS FOR
PLACEMENT ON RELATED WEB PAGES

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to systems and meth-
ods for selecting advertisements for placement on web pages,
including but not limited to web pages used by a web search
engine to deliver search results to a user.

[0003] 2. Background

[0004] Addressing the information needs of users has been
one of the main goals of web search engines since their early
days. Web search engines can provide fast and accurate
results to user queries, usually free of charge. However, in
order to provide this searching service free of charge, search
engine providers need to offer advertising opportunities that
finance their operating costs. To this end, Web search engines
and/or advertisement (ad) serving systems associated there-
with may serve users a variety of different ad types, include
banner ads, pop-up ads, and sponsored search ads, among
others. These ads may be provided to users at various times
and can be placed at various locations on a web page delivered
to a user by the web search engine. Web search engine pro-
viders are often paid by the providers of the advertisements
per user selection of each advertisement, e.g., per user click.
Therefore, it is beneficial for the web search engine providers
to maximize the interaction with, and thus the profit obtained
from, each advertisement shown to the user.

[0005] Sponsored search ads are ads that are served on web
pages used to deliver search results to a user in response to a
user query and that relate in some manner to the user query.
Since the spatial requirements needed to display all the search
results corresponding to a given user query can exceed a
single web page, a web search engine may deliver search
results across a series of web search results pages that can be
consecutively accessed by a user. For example, a user may
receive a first web search results page in a series of web search
results pages and then click on a “next” button to access a
subsequent page in the series. Some web search engines
deliver sponsored search ads across each web search results
page in the series. In particular, a conventional approach to
serving such sponsored search ads involves ranking all can-
didate ads based on a likelihood of each ad being selected by
the user, and then placing a highest-ranking set of candidate
ads on a first web search results page when accessed by the
user, a next highest-ranking set of candidate ads on a second
web search results page when accessed by the user, and so
forth. It would be beneficial if the techniques used to select
sponsored search ads for placement on each web search
results page in a series of consecutively-accessed web search
results pages could be improved in order to maximize user
selection of such ads. By improving these techniques, users
may be provided with improved access to more relevant spon-
sored search ads and the sponsored search ad revenue accru-
ing to a web search engine provider may be increased.

BRIEF SUMMARY OF THE INVENTION

[0006] Systems and methods are described herein that
select advertisements, such as sponsored search advertise-
ments, for placement on a series of consecutively-accessed
web pages, such as consecutively-accessed web search
results pages generated in response to a particular search. The
systems and methods perform a separate advertisement rank-
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ing process to select advertisements for placement on each
web page in the series of consecutively-accessed web pages at
the time the web page is accessed. For web pages that follow
the first web page in the series, the systems and methods
utilize an advertisement ranking technique that calculates a
probability that a user will select an advertisement based on
certain user selection feedback features. The user selection
feedback features for an advertisement are determined by
comparing attributes of the advertisement to attributes of
user-selectable items that were presented on one or more of
the previously-accessed web pages in the series that are
known to have been selected or not selected by the user. In
certain embodiments, these user-selectable items may com-
prise previously-presented sponsored search ads or search
results. By leveraging such user selection feedback features
to perform advertisement ranking for web pages that follow
the first web page in the series, an embodiment can deliver
more relevant advertisements to the user on such web pages.
When the systems and methods are implemented in the con-
text of a Web search engine, this can lead to increased adver-
tising revenue for the provider of the Web search engine.

[0007] Inparticular, a method for selecting advertisements
for placement on a series of related web pages is described
herein. In accordance with the method, a plurality of adver-
tisements is ranked to generate a ranked plurality of adver-
tisements by at least using a first model to determine a prob-
ability of each advertisement being selected by a user if that
advertisement is shown to the user on a first web page in a
series of related web pages. One or more highest ranked
advertisements are selected from the ranked plurality of
advertisements for placement on the first web page. In
response to the user requesting a second web page in the
series of related web pages after accessing the first web page,
a number of steps are performed. First, one or more user
selection feedback features are obtained for each remaining
advertisement in the plurality of advertisements that was not
selected for placement on the first web page by comparing
one or more attributes associated with each remaining adver-
tisement to one or more attributes associated with one or more
user-selectable items on the first web page that were selected
by the user or one or more user-selectable items on the first
web page that were not selected by the user. Then, the remain-
ing advertisements are ranked to generate a ranked plurality
of remaining advertisements by at least using a second model
to determine a probability of each remaining advertisement
being selected by the user if that remaining advertisement is
shown to the user on the second web page, the probability
associated with each remaining advertisement being deter-
mined based at least in part on the one or more user selection
feedback features associated therewith. Finally, one or more
highest ranked advertisements are selected from the ranked
plurality of remaining advertisements for placement on the
second web page.

[0008] A system for selecting advertisements for place-
ment on a series of web search results pages is also described
herein. The system includes a first ranking module, a second
ranking module and an advertisement placement module. The
first ranking module is configured to rank a plurality of adver-
tisements to generate a ranked plurality of advertisements by
at least using a first model to determine a probability of each
advertisement being selected by a user if that advertisement is
shown to the user on a first web search results page in the
series of web search results pages. The advertisement place-
ment module is configured to select one or more highest
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ranked advertisements from the ranked plurality of advertise-
ments for placement on the first web search results page. The
second ranking module is configured to rank remaining
advertisements of the plurality of advertisements that were
not selected for placement on the first web search results page
to generate a ranked plurality of remaining advertisements by
at least using a second model to determine a probability of
each remaining advertisement being selected by the user if
that remaining advertisement is shown to the user on a second
web search results page in the series of web search results
pages, the probability associated with each remaining adver-
tisement being determined based at least in part on one or
more user selection feedback features associated therewith.
The second ranking module includes a user selection feed-
back feature generator that is configured to obtain the one or
more user selection feedback features associated with each
remaining advertisement by comparing one or more
attributes associated with each remaining advertisement to
one or more attributes associated with one or more user-
selectable items on the first web search results page that were
selected by the user or one or more user-selectable items on
the first web search results page that were not selected by the
user. The advertisement placement module is further config-
ured to select one or more highest ranked advertisements
from the ranked plurality of remaining advertisements for
placement on the second web search results page.

[0009] A method for selecting advertisements for place-
ment on a web search results page that follows one or more
initial web search results pages in a series of web search
results pages generated in response to a user query is also
described herein. In accordance with the method, features
associated with each of a plurality of advertisements that were
not selected for placement on the initial web search results
page(s) are obtained, the features including user selection
feedback features determined by comparing one or more
attributes associated with each advertisement in the plurality
of advertisements to one or more attributes associated with
one or more user-selectable items on the initial web search
results page(s) that were selected by a user or one or more
user-selectable items on the initial web search results page(s)
that were not selected by the user. A user selection probability
associated with each of the plurality of advertisements is
determined based on the obtained features associated there-
with. The plurality of advertisements is ranked based on the
user selection probabilities. One or more of the plurality of
advertisements are selected for placement on the web search
results page based on the ranking.

[0010] Further features and advantages of the invention, as
well as the structure and operation of various embodiments of
the invention, are described in detail below with reference to
the accompanying drawings. It is noted that the invention is
not limited to the specific embodiments described herein.
Such embodiments are presented herein for illustrative pur-
poses only. Additional embodiments will be apparent to per-
sons skilled in the relevant art(s) based on the teachings
contained herein.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

[0011] The accompanying drawings, which are incorpo-
rated herein and form part of the specification, illustrate the
present invention and, together with the description, further
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serve to explain the principles of the invention and to enable
a person skilled in the relevant art(s) to make and use the
invention.

[0012] FIG.1isablock diagram of an information retrieval
system in which an embodiment of the present invention may
be implemented.

[0013] FIG. 2 shows an example query that may be submit-
ted by a user to a web search engine.

[0014] FIG. 3 depicts a first portion of an example web
search results page that may include advertisements selected
for display thereon by a search advertising system in accor-
dance with an embodiment of the present invention.

[0015] FIG. 4 depicts a second portion of the example web
search results page shown in FIG. 3.

[0016] FIG. 5 is a block diagram of an example search
advertising system that utilizes a uniform probabilistic model
to select advertisements for placement on each web search
results page in a series of web search results pages associated
with a user query.

[0017] FIG. 6 is a block diagram of a search advertising
system in accordance with an embodiment of the present
invention that utilizes a first probabilistic model for selecting
advertisements for placement on a first web search results
page in a series of web search results pages associated with a
user query and a second probabilistic model for selecting
advertisements for placement on non-first web search results
pages in the series of web search results pages.

[0018] FIG. 7 depicts a flowchart of a method for selecting
advertisements for placement on a first and second web page
in a series of related web pages in accordance with an embodi-
ment of the present invention.

[0019] FIG. 8 depicts a flowchart of a method that includes
additional steps that may be performed after the steps of the
flowchart of FIG. 7 to select advertisements for placement on
a third web page in the series of related web pages in accor-
dance with an embodiment of the present invention.

[0020] FIG. 9 depicts a flowchart of a method for selecting
advertisements for placement on a web search results page
that follows one or more initial web search results pages in a
series of web search results pages generated in response to a
user query in accordance with an embodiment.

[0021] FIG. 10 is a block diagram of an example computer
system that may be used to implement embodiments
described herein.

[0022] The features and advantages of the present invention
will become more apparent from the detailed description set
forth below when taken in conjunction with the drawings, in
which like reference characters identify corresponding ele-
ments throughout. In the drawings, like reference numbers
generally indicate identical, functionally similar, and/or
structurally similar elements. The drawing in which an ele-
ment first appears is indicated by the leftmost digit(s) in the
corresponding reference number.

DETAILED DESCRIPTION OF THE INVENTION
1. Introduction

[0023] The present specification discloses one or more
embodiments that incorporate the features of the invention.
The disclosed embodiment(s) merely exemplify the inven-
tion. The scope of the invention is not limited to the disclosed
embodiment(s). The invention is defined by the claims
appended hereto.
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[0024] References in the specification to “one embodi-
ment,” “an embodiment,” “an example embodiment,” etc.,
indicate that the embodiment described may include a par-
ticular feature, structure, or characteristic, but every embodi-
ment may not necessarily include the particular feature, struc-
ture, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when
aparticular feature, structure, or characteristic is described in
connection with an embodiment, it is submitted that it is
within the knowledge of one skilled in the art to implement
such feature, structure, or characteristic in connection with
other embodiments whether or not explicitly described.

II. Example Operating Environment

[0025] FIG.11isablock diagram of an information retrieval
system 100 in which embodiments of the present invention
may be implemented. System 100 is described herein for
illustrative purposes only, and it is noted that embodiments of
the present invention may be implemented in alternative envi-
ronments. As shown in FIG. 1, system 100 includes a web
search engine 106. One or more computers 104, such as first
computer 104a, second computer 1045 and third computer
104c, are connected to a communication network 105. Net-
work 105 may be any type of communication network, such
as a local area network (LAN), a wide area network (WAN),
or a combination of communication networks. In embodi-
ments, network 105 may include the Internet and/or an intra-
net. Computers 104 can retrieve documents from entities over
network 105. In embodiments where network 105 includes
the Internet, a collection of documents, including a document
103, which form a portion of World Wide Web 102, are
available for retrieval by computers 104 through network
105. On the Internet, documents may be identified/located by
auniform resource locator (URL), such as http://www.yahoo.
com, and/or by other mechanisms. Computers 104 can access
document 103 through network 105 by supplying a URL
corresponding to document 103 to a document server (not
shown in FIG. 1).

[0026] As shown in FIG. 1, web search engine 106 is
coupled to network 105. Web search engine 106 accesses a
stored index 114 that indexes documents, such as documents
of' World Wide Web 102. A user of computer 104a who desires
to retrieve one or more documents relevant to a particular
topic, but does not know the identifier/location of such a
document, may submit a query 112 to web search engine 106
through network 105. Web search engine 106 receives query
112 and analyzes index 114 to find documents relevant to
query 112. For example, web search engine 106 may identify
a set of documents indexed by index 114 that include terms of
query 112. The set of documents may include any number of
documents, including tens, hundreds, thousands, millions, or
even billions of documents. Web search engine 106 may use
a ranking function to rank documents of the retrieved set of
documents in an order of relevance to the user. Documents of
the set determined to most likely be relevant may be provided
at the top of a list of the returned documents in an attempt to
avoid the user having to parse through the entire set of docu-
ments. The list of the returned documents may be provided in
the context of one or more documents termed “web search
results pages” or simply “search results pages.”

[0027] Web search engine 106 may be implemented in
hardware, software, firmware, or any combination thereof.
For example, web search engine 106 may include software/
firmware that executes in one or more processors of one or
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more computer systems, such as one or more servers.
Examples of web search engine 106 that are accessible
through network 105 include, but are not limited to Yahoo! ®
Search (www.yahoo.com), provided by Yahoo! Inc. of
Sunnyvale, Calif,, Bing™ (www.bing.com), provided by
Microsoft® Corporation of Redmond, Wash., and Google™
(www.google.com), provided by Google Inc. of Mountain
View, Calif.

[0028] FIG. 2 shows an example query 112 that may be
submitted by a user of one of computers 104a-104¢ of FIG. 1
to web search engine 106. As shown in FIG. 2, query 112
includes one or more terms 202, such as first term 202a,
second term 2025 and third term 202¢. Any number of terms
202 may be present in a query. As shown in FIG. 2, terms
202a, 2026 and 202¢ of query 112 are “1989,” “red,” and
“corvette,” respectively. Web search engine 106 applies these
terms 202a-202¢ to index 114 to retrieve a document locator,
such as a URL, for one or more indexed documents that match
“1989,” “red,” and “corvette,” and may return a list of such
document(s) and their associated URL(s), wherein the list is
sorted in accordance with a ranking.

[0029] FIG. 3 depicts a first portion 300 of an example web
search results page that may be generated by web search
engine 106 and delivered to a user of any of computers 104a-
104¢ in response to receiving a query therefrom. First portion
300 may comprise a portion of a web search results page that
is viewable via a web browser executing on any of computer
104a-104c¢. As shown in FIG. 3, first portion 300 includes a
query text entry window 302 that includes a user-submitted
query 304 comprising the query term “ipod.” First portion
300 also includes a general search results section 306 that
includes search results generated by web search engine 106
based on user-submitted query 304. Each search result may
comprise, for example, a title associated with a web page, an
abstract that summarizes the content of the web page, and a
URL associated with the web page. The title may also com-
prise a hyperlink to the identified web page.

[0030] FIG. 4 depicts a second portion 400 of the example
web search results page described above in reference to FIG.
3. Second portion 400 may comprise a portion of the web
search results page that is viewable via a web browser execut-
ing on any of computer 104a-104¢. For example, a user may
access second portion 400 by using a “scroll down” function
of'the web browser after viewing first portion 300. As shown
in FIG. 4, second portion includes a page access portion 404
that enables a user to access further web search results pages
in a series of web search results pages that provides additional
search results based on user-submitted query 304. For
example, a user may select a particular page number to access
aparticular web search results page in the series or may select
a “next” button to access the next web search results page in
the series.

[0031] Returning now to the description of FIG. 1, web
search engine 106 may generate a query log 108. Query log
108 is a record of searches that are performed using web
search engine 106. Query log 108 may include a list of que-
ries, by listing query terms (e.g., terms 202 of query 112)
along with further information/attributes for each query, such
as a list of documents identified based on the query, a list/
indication of documents in the list that were selected/clicked
on (“clicked”) by a user reviewing the list, a ranking of
clicked documents, a timestamp indicating when the query is
received by web search engine 106, an IP (internet protocol)
address identifying a unique device (e.g., a computer, cell
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phone, etc.) from which the query terms were submitted, an
identifier associated with a user who submits the query terms
(e.g., auseridentifier in a web browser cookie), and/or further
information/attributes.

[0032] As also shownin FIG. 1, system 100 also includes a
search advertising system 110 that is communicatively con-
nected to web search engine 106. Search advertising system
110 operates to select advertisements from an ad corpus 116
for inclusion within web search results pages generated and
delivered to users of computers 104a-104c by web search
engine 106. For example, with further reference to the
example web search results page shown in FIGS. 3 and 4,
search advertising system 110 may insert sponsored search
ads retrieved from ad corpus 116 into a first sponsored search
ad area 308, a second sponsored search ad area 310, and/or a
third sponsored search ad area 402 includes in the web search
results page depicted in FIGS. 3 and 4. Search advertising
system 110 is configured to select advertisements that are
deemed likely to be selected by a user when the web search
results page is displayed thereto.

[0033] Inascenario in which a user consecutively accesses
more than one web search results page generated in response
to a user query (e.g., by selecting the “next” button or a
numbered button associated with a particular web search
results page in page access portion 404 of the example web
search results page shown in FIG. 4), search advertising sys-
tem 110 operates to select advertisements for inclusion within
each web search results page prior to delivery to the user. As
will be discussed in more detail herein, search advertising
system 110 is configured to perform a separate advertisement
ranking process to select advertisements for placement on
each web search results page in the series of consecutively-
accessed web search results pages at the time the web search
results page is accessed. In particular, for web search results
pages that follow the first web page in the series, search
advertising system 110 utilizes an advertisement ranking
technique that calculates a probability that a user will select
an advertisement based on certain user selection feedback
features. The user selection feedback features for an adver-
tisement are determined by comparing attributes of the adver-
tisement to attributes of user-selectable items that were pre-
sented on one or more of the previously-accessed web search
results pages in the series that are known to have been selected
or not selected by the user. In certain embodiments, these
user-selectable items may comprise previously-presented
sponsored search advertisements or search results. By lever-
aging such user selection feedback features to perform adver-
tisement ranking for web search results pages that follow the
first web search results page in the series, search advertising
system 110 can deliver more relevant advertisements to the
user on such web pages. This can lead to increased advertising
revenue for the provider of web search engine 106.

[0034] Like web search engine 106, search advertising sys-
tem 110 may be implemented in hardware, software, firm-
ware, or any combination thereof. For example, search adver-
tising system 110 may include software/firmware that
executes in one or more processors of one or more computer
systems, such as one or more servers. The foregoing ranking
and advertisement placement techniques implemented by
search advertising system 110 will now be described in more
detail.

II1. Example Advertisement Ranking and Placement
Systems and Methods

[0035] To betterillustrate the approach used by an embodi-
ment of the present invention for performing advertisement
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ranking and placement and the benefits thereof, a different
approach will first be described. In particular, FIG. 5 is a
block diagram of an example search advertising system 500
that utilizes the different approach. As shown in FIG. 5,
search advertising system 500 includes an ad ranking module
504. Ad ranking module 504 operates to receive a plurality of
candidate advertisements 502 that were identified by other
elements of search advertising system 500 (not shown in FIG.
5) based at least on a query submitted by a user of a web
search engine. For example, candidate advertisements 502
may represent advertisements that were identified as satisfy-
ing some minimum relevancy requirement with respect to the
user-submitted query. Ad ranking module 504 ranks candi-
date advertisements 502 to produce a ranked advertisements
list 506.

[0036] Ad ranking module 504 ranks candidate advertise-
ments 502 by calculating an expected revenue score for each
candidate advertisement and then sorting the candidate adver-
tisements by expected revenue score. The expected revenue
score represents, at least conceptually, the expected revenue
that will be generated by placing such candidate advertise-
ment on a web search results page to be generated and deliv-
ered to the user that submitted the user-submitted query. Ad
ranking module 504 calculates the expected revenue score for
a candidate advertisement by calculating a probability that
the user who submitted the query will select (e.g., click on)
the candidate advertisement when presented on a web search
results page and by multiplying the calculated probability by
a bid price associated with the candidate advertisement.
[0037] Ad ranking module 504 utilizes a probabilistic
model 514 to calculate the probability that the user who
submitted the query will select a candidate advertisement.
Probabilistic model 514 may comprise, for example, a model
obtained using any of a variety of well-known machine learn-
ing techniques such as maximum entropy modeling, hierar-
chical Bayesian modeling, or the like. Where machine learn-
ing is employed to obtain probabilistic model 514,
probabilistic model 514 may be trained on historical data
relating to the viewing, selection or non-selection of adver-
tisements shown across all web search results pages in vari-
ous series of web search results pages.

[0038] To facilitate application of probabilistic model 514
to candidate advertisements 502, ad ranking module 504
includes a feature generator 516 that generates various fea-
tures in association with each candidate advertisement.
Probabilistic model 514 analyzes the features associated with
each candidate advertisement to determine the probability
that the user who submitted the query will select the candidate
advertisement. The features in the feature set considered by
probabilistic model 514 and a weight accorded to each may be
determined during training of probabilistic model 514. Such
features may be obtained by comparing attributes associated
with each candidate advertisement to attributes associated
with the user-submitted query. For example, such features
may be obtained by determining a textual similarity between
text of each candidate advertisement and text of the user-
submitted query. Such features may also be obtained by com-
paring attributes associated with each candidate advertise-
ment to attributes associated with items viewed or interacted
with by the user who submitted the query during prior search
or browsing sessions.

[0039] As further shown in FIG. 5, search advertising sys-
tem 500 includes an ad placement module 508. Ad placement
module 508 operates to place advertisements included in
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ranked advertisements list 506 onto each web search results
page in a series of web search results pages generated by a
web search engine (not shown in FIG. 5) for delivery to the
user, wherein such web search results pages include search
results corresponding to the query submitted by the user. As
shown in FIG. 5, ad placement module 508 operates by plac-
ing the first N advertisements 516 in ranked advertisements
list 506 onto a first web search results page 510 to be delivered
to the user. If the user requests another web search results
page to obtain further search results associated with the user-
submitted query, then ad placement module 508 places the
next N advertisements 518 in ranked advertisements list 506
onto the next consecutively-accessed web search results page
512 as shown in FIG. 5.

[0040] One shortcoming of the approach to advertisement
ranking and placement used by search advertising system 500
is that, since the approach ranks candidate advertisements
502 only once and prior to the user being delivered any web
search results pages, probabilistic model 514 cannot possibly
take into account important information that can be gleaned
from how the user interacts with or ignores certain user-
selectable items on previously-accessed web search results
pages in the series of web search results pages delivered
thereto. For example, when search advertising system 500
places ranked advertisements on second web search results
page 512, the user may have already selected or ignored
different user-selectable items on first web search results page
510, such as certain advertisements or search results. These
user behaviors with respect to first web search results page
510 can reflect the likes, dislikes, preferences and interests of
the user. However, there is no possible way that probabilistic
model 514 can take such behaviors into account when per-
forming the ranking function.

[0041] FIG. 6 is a block diagram of an example search
advertising system 600 in accordance with an embodiment
that overcomes the above-described shortcomings of search
advertising system 600. In contrast to search advertising sys-
tem 500 of FIG. 5, which utilizes a uniform probabilistic
model to select advertisements for placement on all web
search results page in a series of web search results pages
associated with a user query, search advertising system 600
utilizes a first probabilistic model 626 for selecting advertise-
ments for placement on a first web search results page in a
series of web search results pages associated with a user query
and a second, different, probabilistic model 630 for selecting
advertisements for placement on non-first (e.g., second, third,
fourth, and so on) web search results pages in the series of
web search results pages. Thus, advertising system 600 uses
a discriminating approach to estimating the probability that
an advertisement will be selected by a user, wherein the
discriminating approach discriminates between advertise-
ments to be placed on a first web search results page in a series
of web search results pages associated with a user query and
non-first pages in the series.

[0042] As will be discussed in more detail below, second
probability model 630 advantageously considers certain fea-
tures associated with a candidate advertisement that are gen-
erated by comparing one or more attributes of the candidate
advertisement to one or more attributes associated with a
user-selectable item that a user has either selected or ignored
when such item was presented to the user on a previously-
accessed web search results page in a series of web search
results pages. Second probability model 630 considers such
features when ranking the candidate advertisement for poten-
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tial placement on a subsequently-accessed web search results
page in the series. By considering such user selection feed-
back features, second probability model 630 is able to lever-
age information about the user’s own activities while viewing
each of the previously-accessed web search results pages to
improve user selection predictions for advertisements to be
placed on the subsequently-accessed web pages.

[0043] Inan embodiment, each of first probabilistic model
626 and second probabilistic model 630 comprise a model
obtained using any of a variety of well-known machine learn-
ing techniques such as maximum entropy modeling, hierar-
chical Bayesian modeling, or the like. Where machine learn-
ing is employed to obtain first probabilistic model 626, first
probabilistic model 626 may be trained on historical data
relating to the viewing, selection or non-selection of adver-
tisements shown only in the first web search results pages of
various series of web search results pages, thereby increasing
the chances that first probabilistic model 626 will perform
well when used to calculate user selection probabilities asso-
ciated with advertisements to be placed on first web search
results pages. The feature set considered by first probabilistic
model 626 may be the same as that considered by probabilis-
tic model 514 as described above in reference to FIG. 5,
although this is only an example.

[0044] Where machine learning is employed to obtain sec-
ond probabilistic model 630, second probabilistic model 630
may be trained on historical data relating to the viewing,
selection or non-selection of advertisements shown only in
non-first web search results pages of various series of web
search results pages, thereby increasing the chances that sec-
ond probabilistic model 630 will perform well when used to
calculate user selection probabilities associated with adver-
tisements to be placed on non-first web search results pages.
The feature set considered by second probabilistic model 630
includes certain user selection feedback features and may
also include the same features considered by first probabilis-
tic model 626 as discussed above. However this is only an
example and second probabilistic model 630 may consider
features other than those considered by first probabilistic
model 626 in addition to the user selection feedback features.

[0045] The user selection feedback features considered by
second probabilistic model 630 comprise features that reflect
similarities or differences between one or more attributes of a
candidate advertisement that is being considered for place-
ment on a non-first web search results page in a series of
web-search results pages and one or more attributes of a
user-selectable item that was previously selected or ignored
by the user when presented on a previously-accessed web
search results page in the series. The user-selectable item may
comprise, for example, a previously-presented advertisement
or search result. One example of such a user selection feed-
back feature comprises a measure of similarity between text
associated with a candidate advertisement and text associated
with a user-selectable item that was selected or not selected
by the user. Another example of such a user selection feed-
back feature comprises an indication of whether a candidate
advertisement is associated with a network domain (e.g., an
Internet domain) that is also associated with a user-selectable
item that was selected or not selected by the user. These are
only examples, however, and various other user selection
feedback features may be obtained by comparing attributes
associated with a candidate advertisement that is being con-
sidered for placement on a non-first web search results page in
a series of web-search results pages to attributes of a user-
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selectable item that was previously selected or ignored by the
user when presented on a previously-accessed web search
results page in the series

[0046] The various elements of search advertising system
600 and the manner in which such elements operate to per-
form advertisement ranking and placement operations asso-
ciated with placing advertisements on web search results
pages will now be described.

[0047] As shown in FIG. 6, search advertising system 600
includes a first ad ranking module 604. First ad ranking mod-
ule 604 operates to receive a plurality of candidate advertise-
ments 602 that were identified by other elements of search
advertising system 600 (not shown in FIG. 6) based atleast on
a query submitted by a user of a web search engine. For
example, candidate advertisements 602 may represent adver-
tisements that were identified as satisfying some minimum
relevancy requirement with respect to the user-submitted
query. First ad ranking module 604 ranks candidate adver-
tisements 602 to produce a ranked advertisements list 608.
[0048] In an embodiment, first ad ranking module 604
ranks candidate advertisements 602 by calculating an
expected revenue score for each candidate advertisement and
then sorting the candidate advertisements by expected rev-
enue score. The expected revenue score may represent, at
least conceptually, the expected revenue that will be gener-
ated by placing such candidate advertisement on a first web
search results page to be generated and delivered to the user
that submitted the user-submitted query. First ad ranking
module 604 calculates the expected revenue score for a can-
didate advertisement by calculating a probability that the user
who submitted the query will select (e.g., click on) the can-
didate advertisement when presented on a first web search
results page in a series of web search results pages and by
multiplying the calculated probability by a bid price associ-
ated with the candidate advertisement.

[0049] First ad ranking module 604 utilizes first probabi-
listic model 626 to calculate the probability that the user who
submitted the query will select a candidate advertisement
placed on the first web search results page. As noted above,
first probabilistic model 626 may comprise a model obtained
using any of a variety of well-known machine learning tech-
niques such as maximum entropy modeling, hierarchical
Bayesian modeling, or the like. As also noted above, where
machine learning is employed to obtain first probabilistic
model 626, first probabilistic model 626 may be trained on
historical data relating to the viewing, selection or non-selec-
tion of advertisements shown only in the first web search
results pages of various series of web search results pages,
thereby increasing the chances that first probabilistic model
626 will perform well when used to calculate user selection
probabilities associated with advertisements to be placed on
first web search results pages.

[0050] To facilitate application of first probabilistic model
626 to candidate advertisements 602, first ad ranking module
604 includes a feature generator 628 that generates various
features in association with each candidate advertisement.
First probabilistic model 626 analyzes the features associated
with each candidate advertisement to determine the probabil-
ity that the user who submitted the query will select the
candidate advertisement if the candidate advertisement is
placed on the first web search results page. The features in the
feature set considered by first probabilistic model 626 and a
weight accorded to each may be determined during training
of first probabilistic model 626. In one embodiment, such
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features are the same as the features considered by probabi-
listic model 514 as described above in reference to FIG. 5.
Accordingly, such features may be obtained by comparing
attributes associated with each candidate advertisement to
attributes associated with the user-submitted query or by
comparing attributes associated with each candidate adver-
tisement to attributes associated with items viewed or inter-
acted with by the user who submitted the query during prior
search or browsing sessions.

[0051] As further shown in FIG. 6, search advertising sys-
tem 600 includes an ad placement module 612. Ad placement
module 612 operates to place advertisements included in
ranked advertisements list 608 onto a first web search results
page 614 in a series of web search results pages generated by
a web search engine (not shown in FIG. 6) for delivery to the
user, wherein such web search results pages include search
results corresponding the query submitted by the user. As
shown in FIG. 6, ad placement module 612 operates by plac-
ing the first N advertisements 618 in ranked advertisements
list 608 onto first web search results page 614 to be delivered
to the user, wherein N may be any positive integer. As shown
in FIG. 6, all of the advertisements included in ranked adver-
tisements list 608 that are not placed on first web search
results page 614, which are designated remaining advertise-
ments 620, are made available to a second ad ranking module
606.

[0052] Ifthe user requests another web search results page
to obtain further search results associated with the user-sub-
mitted query (e.g., by clicking on a “next” button or other user
interface element on first web search results page 614), then
second ad ranking module 606 is invoked to perform a new
advertisement ranking operation. In particular, second ad
ranking module 604 operates to receive remaining advertise-
ments 620 that were not placed on first web search results
page 614 and ranks such remaining advertisements 620 to
produce a ranked advertisements list 610.

[0053] In an embodiment, second ad ranking module 606
ranks remaining advertisements 620 by calculating an
expected revenue score for each remaining advertisement and
then sorting the remaining advertisements by expected rev-
enue score. The expected revenue score may represent, at
least conceptually, the expected revenue that will be gener-
ated by placing such remaining advertisement on a non-first
web search results page to be generated and delivered to the
user that submitted the user-submitted query. Second ad rank-
ing module 606 calculates the expected revenue score for a
remaining advertisement by calculating a probability that the
user who submitted the query will select (e.g., click on) the
candidate advertisement when presented on a non-first web
search results page in a series of web search results pages and
by multiplying the calculated probability by a bid price asso-
ciated with the remaining advertisement.

[0054] Second ad ranking module 606 utilizes second
probabilistic model 630 to calculate the probability that the
user who submitted the query will select a remaining adver-
tisement placed on the non-first web search results page. As
noted above, second probabilistic model 630 may comprise a
model obtained using any of a variety of well-known machine
learning techniques such as maximum entropy modeling,
hierarchical Bayesian modeling, or the like. As also noted
above, where machine learning is employed to obtain second
probabilistic model 630, second probabilistic model 630 may
be trained on historical data relating to the viewing, selection
or non-selection of advertisements shown only in non-first
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web search results pages of various series of web search
results pages, thereby increasing the chances that second
probabilistic model 630 will perform well when used to cal-
culate user selection probabilities associated with advertise-
ments to be placed on non-first web search results pages.
[0055] To {facilitate application of second probabilistic
model 630 to remaining advertisements 620, second ad rank-
ing module 606 includes a user selection feedback feature
generator 634 that generates various user selection feedback
features in association with each remaining advertisement. To
perform this function, user selection feedback feature genera-
tor 634 receives information concerning certain user-select-
able items that the user selected or did not select when pre-
sented to the user on first web search results page 614 (shown
as “user selection feedback” in FIG. 6). User selection feed-
back feature generator 630 then compares one or more
attributes associated with each remaining advertisement to
one or more attributes associated with the user-selectable
items that the user selected or did not select to generate the
user selection feedback features associated with each remain-
ing advertisement in remaining advertisements 620. Various
examples of user selection feedback features were previously
provided.

[0056] To further facilitate application of second probabi-
listic model 630 to remaining advertisements 620, second ad
ranking module 606 also includes a feature generator 632 that
generates various features in association with each remaining
advertisement that are not user selection feedback features. In
an embodiment, the features generated by feature generator
632 are the same as the features generated by feature genera-
tor 628, although this is only an example.

[0057] Second probabilistic model 630 analyzes the fea-
tures associated with each remaining advertisement gener-
ated by user selection feedback generator 634 and feature
generator 632 to determine the probability that the user who
submitted the query will select the remaining advertisement if
the candidate advertisement is placed on the non-first web
search results page. The features considered by second proba-
bilistic model 630 and a weight accorded to each may be
determined during training of second probabilistic model
630.

[0058] As further shown in FIG. 6, search advertising sys-
tem 600 operates to place advertisements included in ranked
advertisements list 610 onto a second web search results page
616 in the series of web search results pages generated by the
web search engine for delivery to the user, wherein such web
search results pages include search results corresponding the
query submitted by the user. As shown in FIG. 6, ad place-
ment module 612 operates by placing the first N advertise-
ments 622 in ranked advertisements list 610 onto second web
search results page 616 to be delivered to the user, wherein N
may be any positive integer. As shown in FIG. 6, all of the
advertisements included in ranked advertisements list 610
that are not placed on second web search results page 616,
which are designated further remaining advertisements 624,
are made available to second ad ranking module 606.

[0059] As will be appreciated by persons skilled in the
relevant art(s), if the user requests yet another web search
results page to obtain further search results associated with
the user-submitted query (e.g., by clicking on a “next” button
or other user interface element on second web search results
page 616), then second ad ranking module 606 can be invoked
again to perform a new advertisement ranking operation
which will then lead to the generation of a new ranked adver-
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tisements list that can be used to populate the additional web
search results page. In this case, however, the user selection
feedback used to generate the user selection feedback fea-
tures can encompass information about user-selectable items
that were selected or not selected by the user when presented
on first web search results page 614 and second web search
results page 616. In this manner, a new ad ranking operation
for non-first web search results pages can be performed every
time the user requests another in the series of web search
results pages, wherein each new ad ranking operation may
have access to even more user selection feedback.

[0060] As can be seen from the foregoing, the elements of
search advertising system 600 operate in a manner that
enables second probabilistic model 630 to mine user selection
behaviors associated with previously-accessed web search
results pages to improve advertisement selection predictions
generated thereby. Such improved predictions can lead to
improved ranking of advertisements for placements on sec-
ond and later web search results pages in series of web search
results pages associated with a user query. Such improved
predictions can also lead to increased selections (e.g., clicks)
of advertisements placed on second and later web search
results pages in series of web search results pages associated
with a user query.

[0061] A method for selecting advertisements for place-
ment on a first and second web page in a series of related web
pages in accordance with an embodiment of the present
invention will now be described in reference to flowchart 700
of FIG. 7. The method of flowchart 700 may be implemented,
for example, by search advertising system 600 as described
above in reference to FIG. 6. However, the method is not
implemented to that embodiment. Persons skilled in the rel-
evant art(s) will appreciated that the method of flowchart 700
may be implemented in other systems, including other sys-
tems that place advertisements on related web pages.

[0062] As shown in FIG. 7, the method of flowchart 700
begins at step 702 in which a plurality of advertisements is
ranked to generate a ranked plurality of advertisements by at
least using a first model to determine a probability of each
advertisement being selected by a user if that advertisement is
shown to the user on a first web page in the series of related
web pages. This step may be performed, for example, by first
ad ranking module 604 of FIG. 6 that ranks candidate ads 602
to generate ranked advertisements list 608 by at least using
first probabilistic model 626 to determine a probability of
each candidate advertisement being selected by a user if that
advertisement is shown to the user on first web search results
page 614.

[0063] At step 704, one or more highest ranked advertise-
ments are selected from the ranked plurality of advertise-
ments for placement on the first web page. This step may be
performed, for example, by ad placement module 612 of FI1G.
6 that selects the N highest ranked advertisements 618 from
ranked advertisements list 608 for placement on first web
search results page 614.

[0064] At decision step 706, it is determined whether the
user has requested a second web page in the series of related
web pages after accessing the first web page. For example,
with continued reference to FIG. 6, this step may comprise
determining whether the user has requested second web
search results page 616 after accessing first web search results
page 614.

[0065] As further shown in FIG. 7, if the user has requested
the second web page in the series of web pages after accessing
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the first web page, then control flows to step 708. At step 708,
one or more user selection feedback features are obtained for
each remaining advertisement in the plurality of advertise-
ments that was not selected for placement on the first web
page by comparing one or more attributes associated with
each remaining advertisement to one or more attributes asso-
ciated with one or more user-selectable items on the first web
page that were selected by the user or one or more user-
selectable items on the first web page that were not selected
by the user. This step may be performed, for example, by user
selection feedback feature generator 634 of FIG. 6 that
obtains one or more user selection feedback features for each
remaining advertisement in remaining advertisement 620 by
comparing one or more attributes associated with each
remaining advertisement to one or more attributes associated
with one or more user-selectable items on first web search
results page 614 that were selected by the user or one or more
user-selectable items on first web search results page 614 that
were not selected by the user.

[0066] Depending upon the implementation, the one or
more user-selectable items that were selected or not selected
by the user referred to in step 708 may include, for example,
one or more advertisements selected for placement on the first
web page or one or more search results included in the first
web page.

[0067] In certain embodiments, step 708 may comprise
determining a similarity between text associated with a
remaining advertisement and text associated with at least one
of'the one or more user-selectable items on the first web page
that were selected by the user or at least one of the one or more
user-selectable items on the first web page that were not
selected by the user. Furthermore, step 708 may comprise
determining if a remaining advertisement is associated with a
network domain that is also associated with at least one of the
one or more user-selectable items on the first web page that
were selected by the user or at least one of the one or more
user-selectable items on the first web page that were ignored
by the user.

[0068] At step 710, the remaining advertisements are
ranked to generate a ranked plurality of remaining advertise-
ments by at least using a second model to determine a prob-
ability of each remaining advertisement being selected by the
user if that remaining advertisement is shown to the user on
the second web page, the probability associated with each
remaining advertisement being determined based at least in
part on the one or more user selection feedback features
associated therewith. This step may be performed, for
example, by second ad ranking module 606 of FIG. 6 that
ranks remaining advertisements 620 to generate ranked
advertisements list 610 by at least using second probabilistic
model 630 to determine a probability of each remaining
advertisement being selected by the user if that remaining
advertisement is shown to the user on second web search
results page 616, the probability associated with each remain-
ing advertisement being determined based at least in part on
the one or more user selection feedback features associated
therewith.

[0069] At step 712, one or more highest ranked advertise-
ments are selected from the ranked plurality of remaining
advertisements for placement on the second web page. This
step may be performed, for example, by ad placement module
612 of FIG. 6 that selects the N highest ranked advertisements
622 from ranked advertisements list 610 for placement on
second web search results page 616.
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[0070] The method of flowchart 700 may include addi-
tional steps not shown in FIG. 7. By way of example, the
method of flowchart 700 may include training the first model
based on historical data relating to the selection or non-selec-
tion of user-selectable items displayed on first web pages in
series of web pages used to provide search results to users. For
example, such training was described above in reference to
first probabilistic model 626 of FIG. 6. The method of flow-
chart 700 may also include training the second model based
on historical data relating to the selection or non-selection of
user-selectable items displayed on non-first web pages in
series of web pages used to provide search results to users. For
example, such training was described above in reference to
second probabilistic model 630 of FIG. 6.

[0071] FIG. 8 depicts a flowchart 800 of a method that
includes additional steps that may be performed after the
steps of flowchart 700 to select advertisements for placement
on a third web page in the series of related web pages referred
to in flowchart 700 in accordance with an embodiment of the
present invention. In particular, the steps of flowchart 800
may be performed in response to the user referred to in flow-
chart 700 requesting a third web page in the series of related
web pages after accessing the second web page.

[0072] As shown in FIG. 8, the method of flowchart 800
begins at step 802, in which one or more revised user selection
feedback features are obtained for each further remaining
advertisement in the plurality of advertisements that was not
selected for placement on the first web page or the second web
page by comparing one or more attributes associated with
each further remaining advertisements to one or more
attributes associated with one or more user-selectable items
that were selected by the user on the first web page or the
second web page or one or more user-selectable items that
were not selected by the user on the first web page or the
second web page. This step may be performed, for example,
by user selection feedback feature generator 634 of FIG. 6
that obtains one or more revised user selection feedback
features for each further remaining advertisement in further
remaining advertisements 624 by comparing one or more
attributes associated with each further remaining advertise-
ment to one or more attributes associated with one or more
user-selectable items that were selected by the user on first
web search results page 614 or second web search results
page 616 or one or more user-selectable items that were not
selected by the user on first web search results page 614 or
second web search results page 616.

[0073] At step 804, the further remaining advertisements
are ranked to generate a ranked plurality of further remaining
advertisements by at least using the second model to deter-
mine a probability of each further remaining advertisement
being selected by the user if that further remaining advertise-
ment is shown to the user on a third web page in the series of
web pages, the probability associated with each further
remaining advertisement being determined based at least in
part on the one or more revised user selection feedback fea-
tures associated therewith. This step may be performed, for
example, by second ad ranking module 606 of FIG. 6 which
may rank further remaining advertisements 624 to generate a
ranked plurality of further remaining advertisements by at
least using second probabilistic model 630 to determine a
probability of each further remaining advertisement being
selected by the user if that further remaining advertisement is
shown to the user on a third web page in the series of web
pages, the probability associated with each further remaining
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advertisement being determined based at least in part on the
one or more revised user selection feedback features associ-
ated therewith.

[0074] At step 806, one or more highest ranked advertise-
ments are selected from the ranked plurality of further
remaining advertisements for placement on the third web
page. This step may be performed, for example, by ad place-
ment module 612 of FIG. 6 which may select one or more
highest ranked advertisements from the ranked plurality of
further remaining advertisements for placement on a third
web search results page in the series of web search results
pages.

[0075] FIG. 9 depicts a flowchart 900 of a method for
selecting advertisements for placement on a web search
results page that follows one or more initial web search results
pages in a series of web search results pages generated in
response to a user query in accordance with an embodiment.
Like the methods of flowcharts 700 and 800, the method of
flowchart 900 may be implemented, for example, by search
advertising system 600 as described above in reference to
FIG. 6. However, the method is not implemented to that
embodiment. Persons skilled in the relevant arts) will appre-
ciated that the method of flowchart 900 may be implemented
in other systems, including other systems that place adver-
tisements on web search results pages.

[0076] As shown in FIG. 9, the method of flowchart 900
begins at step 902 in which features associated with each of a
plurality of advertisements that were not selected for place-
ment on the initial web search results page(s) are obtained, the
features including user selection feedback features deter-
mined by comparing one or more attributes associated with
each advertisement in the plurality of advertisements to one
ormore attributes associated with one or more user-selectable
items on the initial web search results page(s) that were
selected by a user or one or more user-selectable items on the
initial web search results page(s) that were not selected by the
user. This step may be performed, for example, by user selec-
tion feedback generator 634 of FIG. 6.

[0077] At step 904, a user selection probability associated
with each of the advertisements is determined based on the
obtained features associated therewith. This step may be per-
formed, for example, by second probabilistic model 630 of
FIG. 6.

[0078] At step 906, the advertisements are ranked based on
the user selection probabilities. This step may be performed,
for example, by second ad ranking module 606 of FIG. 6.
[0079] At step 908, one or more of the plurality of adver-
tisements are selected for placement on the web search results
page based on the ranking. This step may be performed, for
example, by ad placement module of FIG. 6.

II1. Example Computer System Implementations

[0080] Search advertising system 110, search advertising
system 600, first ad ranking module 604, second ad ranking
module 606, ad placement module 612 and any modules
contained therein may be implemented in hardware, soft-
ware, firmware, or any combination thereof. For example,
search advertising system 110, search advertising system
600, first ad ranking module 604, second ad ranking module
606, ad placement module 612 and any modules contained
therein may be implemented as computer program code con-
figured to be executed in one or more processors. Alterna-
tively, search advertising system 110, search advertising sys-
tem 600, first ad ranking module 604, second ad ranking
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module 606, ad placement module 612 and any modules
contained therein may be implemented as hardware logic/
electrical circuitry.

[0081] The embodiments described herein, including sys-
tems, methods/processes, and/or apparatuses, may be imple-
mented using well known servers/computers, such as a com-
puter 1000 shown in FIG. 10. For example, search advertising
system 110, search advertising system 600, first ad ranking
module 604, second ad ranking module 606, ad placement
module 612 and any modules contained therein may be
implemented using one or more computers 1000.

[0082] Computer 1000 can be any commercially available
and well known computer capable of performing the func-
tions described herein, such as computers available from
International Business Machines, Apple, Sun, HP, Dell, Cray,
etc. Computer 1000 may be any type of computer, including
a desktop computer, a server, etc.

[0083] Computer 1000 includes one or more processors
(also called central processing units, or CPUs), such as a
processor 1004. Processor 1004 is connected to a communi-
cation infrastructure 1002, such as a communication bus. In
some embodiments, processor 1004 can simultaneously
operate multiple computing threads.

[0084] Computer 1000 also includes a primary or main
memory 1006, such as random access memory (RAM). Main
memory 1006 has stored therein control logic 1028A (com-
puter software), and data.

[0085] Computer 1000 also includes one or more second-
ary storage devices 1010. Secondary storage devices 1010
include, for example, a hard disk drive 1012 and/or a remov-
able storage device or drive 1014, as well as other types of
storage devices, such as memory cards and memory sticks.
For instance, computer 1000 may include an industry stan-
dard interface, such a universal serial bus (USB) interface for
interfacing with devices such as a memory stick. Removable
storage drive 1014 represents a floppy disk drive, a magnetic
tape drive, a compact disk drive, an optical storage device,
tape backup, etc.

[0086] Removable storage drive 1014 interacts with a
removable storage unit 1016. Removable storage unit 1016
includes a computer useable or readable storage medium
1024 having stored therein computer software 1028B (con-
trol logic) and/or data. Removable storage unit 1016 repre-
sents a floppy disk, magnetic tape, compact disk, DVD, opti-
cal storage disk, or any other computer data storage device.
Removable storage drive 1014 reads from and/or writes to
removable storage unit 1016 in a well known manner.
[0087] Computer 1000 also includes input/output/display
devices 1022, such as monitors, keyboards, pointing devices,
etc.

[0088] Computer 1000 further includes a communication
or network interface 1018. Communication interface 1018
enables computer 1000 to communicate with remote devices.
For example, communication interface 1018 allows computer
1000 to communicate over communication networks or
mediums 1042 (representing a form of a computer useable or
readable medium), such as LANs, WANSs, the Internet, etc.
Network interface 1018 may interface with remote sites or
networks via wired or wireless connections.

[0089] Controllogic 1028C may be transmitted to and from
computer 1000 via the communication medium 1042.
[0090] Any apparatus or manufacture comprising a com-
puter useable or readable medium having control logic (soft-
ware) stored therein is referred to herein as a computer pro-
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gram product or program storage device. This includes, but is
not limited to, computer 1000, main memory 1006, secondary
storage devices 1010, and removable storage unit 1016. Such
computer program products, having control logic stored
therein that, when executed by one or more data processing
devices, cause such data processing devices to operate as
described herein, represent embodiments of the invention.
[0091] Devices in which embodiments may be imple-
mented may include storage, such as storage drives, memory
devices, and further types of computer-readable media.
Examples of such computer-readable storage media include a
hard disk, a removable magnetic disk, a removable optical
disk, flash memory cards, digital video disks, random access
memories (RAMs), read only memories (ROM), and the like.
As used herein, the terms “computer program medium” and
“computer-readable medium” are used to generally refer to
the hard disk associated with a hard disk drive, a removable
magnetic disk, a removable optical disk (e.g., CDROMs,
DVDs, etc.), zip disks, tapes, magnetic storage devices,
MEMS (micro-electromechanical systems) storage, nano-
technology-based storage devices, as well as other media
such as flash memory cards, digital video discs, RAM
devices, ROM devices, and the like. Such computer-readable
storage media may store program modules that include com-
puter program logic for search advertising system 110, search
advertising system 600, first ad ranking module 604, second
ad ranking module 606, ad placement module 612 and any
modules contained therein, flowchart 700, flowchart 800 and/
or flowchart 900 (including any one or more steps of the
flowcharts), and/or further embodiments ofthe present inven-
tion described herein. Embodiments of the invention are
directed to computer program products comprising such logic
(e.g., in the form of program code or software) stored on any
computer useable medium. Such program code, when
executed in one or more processors, causes a device to operate
as described herein.

[0092] The invention can work with software, hardware,
and/or operating system implementations other than those
described herein. Any software, hardware, and operating sys-
tem implementations suitable for performing the functions
described herein can be used.

IV. Conclusion

[0093] Whilevarious embodiments of the present invention
have been described above, it should be understood that they
have been presented by way of example only, and not limita-
tion. It will be apparent to persons skilled in the relevant art(s)
that various changes in form and details may be made to the
embodiments described above without departing from the
spirit and scope of the invention as defined in the appended
claims. Accordingly, the breadth and scope of the present
invention should not be limited by any of the above-described
exemplary embodiments, but should be defined only in accor-
dance with the following claims and their equivalents.

What is claimed is:

1. A computer-implemented method for selecting adver-
tisements for placement on a series of related web pages, the
method comprising:

ranking a plurality of advertisements to generate a ranked

plurality of advertisements by at least using a first model
to determine a probability of each advertisement being
selected by a user if that advertisement is shown to the
user on a first web page in the series of related web

pages;

Jul. 26,2012

selecting one or more highest ranked advertisements from
the ranked plurality of advertisements for placement on
the first web page; and

in response to the user requesting a second web page in the

series of related web pages after accessing the first web

page:

obtaining one or more user selection feedback features
for each remaining advertisement in the plurality of
advertisements that was not selected for placement on
the first web page by comparing one or more attributes
associated with each remaining advertisement to one
or more attributes associated with one or more user-
selectable items on the first web page that were
selected by the user or one or more user-selectable
items on the first web page that were not selected by
the user;

ranking the remaining advertisements to generate a
ranked plurality of remaining advertisements by at
least using a second model to determine a probability
of each remaining advertisement being selected by
the user if that remaining advertisement is shown to
the user on the second web page, the probability asso-
ciated with each remaining advertisement being
determined based at least in part on the one or more
user selection feedback features associated therewith;
and

selecting one or more highest ranked advertisements
from the ranked plurality of remaining advertise-
ments for placement on the second web page;

wherein at least one of the steps is performed by at least one

processor.

2. The method of claim 1, wherein the one or more user-
selectable items that were selected or not selected by the user
include one or more advertisements selected for placement on
the first web page.

3. The method of claim 1, wherein the one more user-
selectable items that were selected or not selected by the user
include one or more search results included in the first web
page.

4. The method of claim 1, wherein obtaining the one or
more user selection feedback features for each remaining
advertisement comprises:

determining a similarity between text associated with a

remaining advertisement and text associated with at
least one of the one or more user-selectable items on the
first web page that were selected by the user or at least
one of the one or more user-selectable items on the first
web page that were not selected by the user.

5. The method of claim 1, wherein obtaining the one or
more user selection feedback features for each remaining
advertisement comprises:

determining if a remaining advertisement is associated

with a network domain that is also associated with at
least one of the one or more user-selectable items on the
first web page that were selected by the user or at least
one of the one or more user-selectable items on the first
web page that were ignored by the user.

6. The method of claim 1,

wherein using the first model to determine the probability

of each advertisement being selected by the user if that
advertisement is shown to the user on the first web page
comprises analyzing a first feature set associated with
each advertisement that includes features other than the
one or more user selection feedback features; and
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wherein using the second model to determine the probabil-
ity of each remaining advertisement being selected by
the user if that remaining advertisement is shown to the
user on the second web page comprises analyzing a
second feature set associated with each remaining
advertisement that includes the same features as the first
feature set and the one or more user selection feedback
features.

7. The method of claim 1, wherein the first feature set
includes features determined by comparing one or more
attributes associated with each advertisement to one or more
attributes associated with a user-submitted query or one or
more attributes associated with items viewed or interacted
with by the user on web pages other than those in the series of
related web pages.

8. The method of claim 1, further comprising:

training the first model based on historical data relating to

the selection or non-selection of user-selectable items
displayed on first web pages in series of web pages used
to provide search results to users.

9. The method of claim 8, further comprising:

training the second model based on historical data relating

to the selection or non-selection of user-selectable items
displayed on non-first web pages in series of web pages
used to provide search results to users.
10. The method of claim 1, further comprising, in response
to the user requesting a third web page in the series of related
web pages after accessing the second web page:
obtaining one or more revised user selection feedback fea-
tures for each further remaining advertisement in the
plurality of advertisements that was not selected for
placement on the first web page or the second web page
by comparing one or more attributes associated with
each further remaining advertisement to one or more
attributes associated with one or more user-selectable
items that were selected by the user on the first web page
or the second web page or one or more user-selectable
items that were not selected by the user on the first web
page or the second web page;
ranking the further remaining advertisements to generate a
ranked plurality of further remaining advertisements by
at least using the second model to determine a probabil-
ity of each further remaining advertisement being
selected by the user if that further remaining advertise-
ment is shown to the user on a third web page in the
series of web pages, the probability associated with each
further remaining advertisement being determined
based at least in part on the one or more revised user
selection feedback features associated therewith; and

selecting one or more highest ranked advertisements from
the ranked plurality of further remaining advertisements
for placement on the third web page.

11. A system for selecting advertisements for placement on
a series of web search results pages, the system comprising:

a first ranking module configured to rank a plurality of

advertisements to generate a ranked plurality of adver-
tisements by at least using a first model to determine a
probability of each advertisement being selected by a
user if that advertisement is shown to the user on a first
web search results page in the series of web search
results pages;

an advertisement placement module configured to select

one or more highest ranked advertisements from the
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ranked plurality of advertisements for placement on the
first web search results page;

a second ranking module configured to rank remaining
advertisements of the plurality of advertisements that
were not selected for placement on the first web search
results page to generate a ranked plurality of remaining
advertisements by at least using a second model to deter-
mine a probability of each remaining advertisement
being selected by the user if that remaining advertise-
ment is shown to the user on a second web search results
page in the series of web search results pages, the prob-
ability associated with each remaining advertisement
being determined based at least in part on one or more
user selection feedback features associated therewith,
the second ranking module comprising:
auser selection feedback feature generator configured to

obtain the one or more user selection feedback fea-
tures associated with each remaining advertisement
by comparing one or more attributes associated with
each remaining advertisement to one or more
attributes associated with one or more user-selectable
items on the first web search results page that were
selected by the user or one or more user-selectable
items on the first web search results page that were not
selected by the user;

the advertisement placement module being further config-
ured to select one or more highest ranked advertisements
from the ranked plurality of remaining advertisements
for placement on the second web search results page.

12. The system of claim 11, wherein the one or more
user-selectable items that were selected or not selected by the
user comprise one or more advertisements selected for place-
ment on the first web search results page.

13. The system of claim 11, wherein the one or more
user-selectable items that were selected or not selected by the
user comprise one or more search results included in the first
web search results page.

14. The system of claim 11, wherein the user selection
feedback feature generator is configured to determine a simi-
larity between text associated with a remaining advertisement
and text associated with at least one of the one or more
user-selectable items on the first web search results page that
were selected by the user or at least one of the one or more
user-selectable items on the first web search results page that
were not selected by the user.

15. The system of claim 11, wherein the user selection
feedback feature generator is configured to determine if a
remaining advertisement is associated with a network domain
that is also associated with at least one of the one or more
user-selectable items on the first web search results page that
were selected by the user or at least one of the one or more
user-selectable items on the first web search results page that
were not selected by the user.

16. The system of claim 11, wherein the first ranking mod-
ule is configured to use the first model to determine the
probability of each advertisement being selected by the user if
that advertisement is shown to the user on the first web search
results page by analyzing a first feature set associated with
each advertisement that includes features other than the one
or more user selection feedback features; and

wherein the second ranking module is configured to use the
second model to determine the probability of each
remaining advertisement being selected by the user if
that remaining advertisement is shown to the user on the
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second web search results page by analyzing a second
feature set associated with each remaining advertise-
ment that includes the same features as the first feature
set and the one or more user selection feedback features.

17. The system of claim 16, wherein the first feature set
includes features determined by comparing one or more
attributes associated with each advertisement to one or more
attributes associated with a user-submitted query or one or
more attributes associated with items viewed or interacted
with by the user on web pages other than those in the series of
web search results pages.

18. A computer-implemented method for selecting adver-
tisements for placement on a web search results page that
follows one or more initial web search results pages in a series
of web search results pages generated in response to a user
query, comprising:

obtaining features associated with each of a plurality of

advertisements that were not selected for placement on
the initial web search results page(s), the features includ-
ing user selection feedback features determined by com-
paring one or more attributes associated with each
advertisement in the plurality of advertisements to one
or more attributes associated with one or more user-
selectable items on the initial web search results page(s)
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that were selected by a user or one or more user-select-
able items on the initial web search results page(s) that
were not selected by the user;

determining a user selection probability associated with

each of the plurality of advertisements based on the
obtained features associated therewith;

ranking the plurality of advertisements based on the user

selection probabilities; and

selecting one or more of the plurality of advertisements for

placement on the web search results page based on the
ranking;

wherein at least one of the steps is performed by at least one

processor.

19. The method of claim 18, wherein the one or more
user-selectable items on the initial web search results page(s)
that were selected or not selected by the user comprise one or
more advertisements placed on the initial web search results
page(s).

20. The method of claim 18, wherein the one or more
user-selectable items on the initial web search results page(s)
that were selected or not selected by the user comprise one or
more search results shown on the initial web search results

page(s).





