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QUERY STEM ADVERTISING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 USC §119
(e) to U.S. Patent Application Ser. No. 61/375,222, filed on
Aug. 19, 2010, the entire contents of which are hereby incor-
porated by reference.

BACKGROUND

[0002] This specification describes technologies relating to
providing content responsive to query stems.

[0003] The Internet provides access to a wide variety of
resources, for example, video files, image files, audio files, or
Web pages, including content for particular subjects, book
articles, or news articles. A search system can select one or
more resources in response to receiving a search query. A
search query is data that a user submits to a search engine to
satisfy the user’s informational needs. The search queries are
usually in the form of text, e.g., one or more query terms. The
search system selects and scores resources based on their
relevance to the search query and on their importance relative
to other resources to provide search results that link to the
selected resources. The search results are typically ordered
according to the scores and presented according to this order.
[0004] In addition to search results, an advertising system
may provide advertisements that are responsive to the query.
For example, the search query may be used in keyword tar-
geting to identify advertisements that are responsive to the
query. These advertisements are provided with the search
results.

[0005] Search systems can provide search suggestions to
users to help users satisfy their informational needs. As used
herein, the term “query suggestion” is a suggested data for a
query that can be used to refine a search or refine a search
strategy. Some search systems provide query suggestions in
the form of a list of query suggestions as the user is typing a
query. The user can select one of the query suggestions from
the list without having to type the entire query suggestion. A
client device typically sends suggestion requests to a search
engine with each keystroke, and the search engine provides
the query suggestions with prefixes that match the entered
characters. Once received, the client device displays these
suggestions for user selection.

[0006] Some search systems also provide search results as
the user is entering a query. However, while a user is entering
a query, the query is not complete. Accordingly, some key-
word advertising targeting processes cannot rely on the
incomplete query to identify advertisements.

SUMMARY

[0007] This specification describes technologies relating to
providing search query suggestions and search results related
to the search query suggestions.

[0008] In general, one aspect of the subject matter
described in this specification can be embodied in methods
that include the actions defining word stems, each word stem
being one or more characters ordered in a sequence and to
which one or more characters can be attached to the end of the
sequence to form a word; receiving stem bids for the words
stems, each stem bid being a bid for a corresponding word
stem and corresponding to a price an advertiser pays for
display of an advertisement targeted to the corresponding

Feb. 23,2012

word stem, and wherein the targeting to the corresponding
word stem is independent of keyword targeting; receiving a
query stem from a client device, the query stem being a query
input from a client device and being one or more characters
ordered in an input sequence that defines an order in which the
one or more characters were input as the query input; in
response to receiving the query stem: identifying word stems
that match the query stem, providing the corresponding stem
bids of the matching word stems as bids to an advertisement
auction for advertisement slots for displaying advertisements,
and receiving selected advertisements that are determined to
have won an advertisement slot in the auction; and providing
the selected advertisements for display in the advertisement
slots on the client device.

[0009] Particular embodiments of the subject matter
described in this specification can be implemented so as to
realize one or more of the following advantages. Advertise-
ments can be targeted on query stems, allowing advertisers
with objectives such as building brand recognition, to serve
advertisements on otherwise ambiguous query inputs. The
advertisements can be charged based on the duration which
the advertisements were displayed, thereby allowed advertis-
ers to better manage their advertising ROI.

[0010] Each ofthe advantages above is optional and can be
achieved separately or in combination.

[0011] The details of one or more embodiments of the
subject matter described in this specification are set forth in
the accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will
become apparent from the description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram of an example environ-
ment in which a search engine provides search services.
[0013] FIG. 2 is atiming diagram of an example process for
determining if a timer expires and search results should be
provided to a client.

[0014] FIG. 3 is a timing diagram of an example process in
which a confirmation of a query suggestion results in a pre-
diction criterion being met.

[0015] FIG. 4 is a timing diagram of a process for monitor-
ing multiple timers.

[0016] FIGS. 5A-51 depict a web search page displaying
query suggestions and search results responsive one of the
query suggestions.

[0017] FIG. 6 is a flow diagram of a process for providing
search results responsive to a query suggestion to a client
device.

[0018] FIG. 7isaflow diagram ofa process for determining
if a prediction criterion is met.

[0019] FIG. 8is a flow diagram of a process for indicating
a query suggestion for which search results are responsive.
[0020] FIG. 9 is a flow diagram of a process for displaying
second search results responsive to a second query sugges-
tion.

[0021] FIG. 10 depicts a web search page displaying query
suggestions for a query stem, search results responsive to one
of the query suggestions, and advertisements responsive to
the query stem.

[0022] FIG. 11 is a graph of illustrating an amount based on
a relationship between a stem bid and a display duration.
[0023] FIG. 12 is a flow diagram of a process for selecting
advertisements responsive to a query stem.
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[0024] FIG. 13 is a block diagram illustrating the selection
of resources for a query input in response to a prediction
criteria being met and based on resource metrics.

[0025] Like reference numbers and designations in the
various drawings indicate like elements.

DETAILED DESCRIPTION

§1.0 Overview

[0026] This specification describes technologies relating to
providing query suggestions in response to a query sugges-
tion request and providing search results for at least one of the
suggestions if a prediction criterion is met. When the predic-
tion criterion is met, search results are provided to a client
device associated with the query suggestion request and pre-
sented in a search interface. The search results are provided to
the client device without receiving a search result request
(e.g., without a user selecting one of the query suggestions or
causing the client device to send a search request to the search
engine).

[0027] The prediction criterion can be a probability, a tim-
eout or some other signal of likely user interest. For example,
a determination can be made that the probability a user will
select one of the query suggestions is above a threshold value.
Search results associated with the query suggestion with the
probability above the threshold value can be provided to the
client device. Alternatively, a determination can be made that
a timeout occurred and search results associated with a high-
est ranked query suggestion (e.g., a most frequent query sug-
gestion or a query suggestion with the highest probability of
being selected) can be provided to the client device. Alterna-
tively, detection of a language boundary (e.g., a syllable, a
word, or a bi-gram) can cause a prediction criterion to be met.
[0028] Various user interface techniques are used to create
a user experience in which the search results appear and
disappear in a smooth and unobtrusive manner.

§1.1 Example Environment

[0029] FIG. 1 is a block diagram of an example environ-
ment 100 in which a search engine 110 provides search ser-
vices. A computer network 102, such as a local area network
(LAN), wide area network (WAN), the Internet, or a combi-
nation thereof, connects publisher web sites 104, client
devices 106, and the search engine 110. The online environ-
ment 100 may include many thousands of publisher web sites
104 and client devices 106.

[0030] A web site 104 is a one or more web page resources
105 associated with a domain name, and each web site is
hosted by one or more servers. An example web site is a
collection of web pages formatted in hypertext markup lan-
guage (HTML) that can contain text, graphic images, multi-
media content, and programming elements, such as scripts.
Each web site 104 is maintained by a publisher, e.g., an entity
that manages and/or owns the web site.

[0031] A resource is any data that can be provided by the
publisher 104 over the network 102 and that is associated with
a resource address. Resources include HTML pages, word
processing documents, and portable document format (PDF)
documents, images, video, and feed sources, to name just a
few. The resources can include content, such as words,
phrases, pictures, and so on, and may include embedded
information (such as meta information and hyperlinks) and/or
embedded instructions (such as JavaScript scripts).
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[0032] A client device 106 is an electronic device that is
under the control of a user and is capable of requesting and
receiving resources over the network 102. Example client
devices 106 include personal computers, mobile communi-
cation devices, and other devices that can send and receive
data over the network 102. A client device 106 typically
includes a user application, such as a web browser, to facili-
tate the sending and receiving of data over the network 102.
The web browser can enable a user to display and interact
with text, images, videos, music and other information typi-
cally located on a web page at a website on the world wide
web or a local area network.

[0033] To facilitate searching of these resources 105, the
search engine 110 identifies the resources by crawling the
publisher web sites 104 and indexing the resources provided
by the publisher web sites 104. The indexed and, optionally,
cached copies of the resources are stored in an indexed cache
112.

[0034] The client devices 106 submit search queries 109 to
the search engine 110. The search queries 109 are submitted
in the form of a search request that includes the search request
and, optionally, a unique identifier that identifies the client
device 106 that submits the request. The unique identifier can
be data from a cookie stored at the client device, or a user
account identifier if the user maintains an account with the
search engine 110, or some other identifier that identifies the
client device 106 or the user using the client device.

[0035] Inresponse to the search request, the search engine
110 uses the indexed cache 112 to identify resources that are
relevant to the queries. The search engine 110 identifies the
resources in the form of search results 111 and returns the
search results to the client devices 106 in search results page
resource. A search result is data generated by the search
engine 110 that identifies a resource that satisfies a particular
search query, and includes a resource locator for the resource.
An example search result can include a web page title, a
snippet of text extracted from the web page, and the URL of
the web page.

[0036] The search results are ranked based on scores
related to the resources identified by the search results, such
as information retrieval (“IR”) scores, and optionally a sepa-
rate ranking of each resource relative to other resources (e.g.,
an authority score). In some implementations, the IR scores
are computed from dot products of feature vectors corre-
sponding to a query and a resource, and the ranking of the
search results is based on relevance scores that are a combi-
nation of the IR scores and authority scores. The search
results are ordered according to these scores and provided to
the client device according to the order.

[0037] The client devices 106 receive the search results
pages and render the pages for presentation to users. In
response to the user selecting a search result at a client device
106, the client device 106 requests the resource identified by
the resource locator included in the selected search result. The
publisher of the web site 104 hosting the resource receives the
request for the resource from the client device 106 and pro-
vides the resource to the requesting client device 106.
[0038] Insomeimplementations, the queries 109 submitted
from client devices 106 are stored in query logs 114. Click
data for the queries and the web pages referenced by the
search results are stored in click logs 116. The query logs 114
and the click logs 116 define search history data 117 that
include data from and related to previous search requests
associated with unique identifiers. The click logs define
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actions taken responsive to search results provided by the
search engine 110. The query logs 114 and click logs 116 can
be used to map queries submitted by the client devices to web
pages that were identified in search results and the actions
taken by users (i.e., that data are associated with the identifi-
ers from the search requests so that a search history for each
identifier can be accessed). The click logs 116 and query logs
114 can thus be used by the search engine to determine the
sequence of queries submitted by the client devices, the
actions taken in response to the queries, and how often the
queries are submitted.

[0039] An advertisement management system 130 facili-
tates the provisioning of advertisements with the resources
105. In particular, the advertisement management system 130
allows advertisers to define targeting rules that take into
account attributes of the particular user to provide targeted
advertisements for the users. Example targeting rules include
keyword targeting, in which advertiser provide bids for key-
words that are present in either search queries or webpage
content. Advertisements that are associated with keywords
having bids that result in an advertisement slot being awarded
in response to an auction are selected for displaying in the
advertisement slots.

[0040] These targeted advertisements can be provided for
many different resources, such as the resources 105 of the
publishers 104, on a search results page resource, and, as will
be described in more detail below, with a resource that
includes the search engine interface 120. For example, a
resource 105 from the syndication publisher 104 includes
instructions that cause the client device to request advertise-
ments from the advertisement management system 130. The
request includes a publisher identifier and, optionally, key-
word identifiers related to the content of the resource. The
advertisement management system 130, in turn, provides tar-
geted advertisements to the particular user. When a user
selects an advertisement, the client device 106 generates a
request for a landing page of the advertisement, which is
typically a webpage of the advertiser.

[0041] With respect to a search results page, the client
device renders the search results page and sends a request to
the advertisement management system 130, along with one or
more keywords related to the query that the user provide to the
search engine 110. However, as will be described in more
detail below, in some implementations, advertisements can be
based on keywords related to query suggestions, and the
advertisements can be provided with the search results that
are provided in response to a prediction criterion being met.
In other variations, which are also described in more detail
below, advertisements can also be provided based on a current
query input that does not constitute a completed query input,
e.g., advertisements can be provided based on a single char-
acter input, or on a current input that forms a stem for many
different words. In a manner similar to keyword targeting,
advertiser submit stem bids for word stems. When a query
input is a query stem that matches a word stem, advertise-
ments that are associated with query stems having stem bids
that result in an advertisement slot being awarded in response
to an auction are selected for displaying in advertisement
slots.

[0042] The advertisement management system 130
includes a data storage system that stores campaign data 132
and performance data 134. The campaign data 132 stores
advertisements, targeting information, and budgeting infor-
mation for advertisers. The performance data 134 stores data
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indicating the performance of the advertisements that are
served. Such performance data can include, for example,
click through rates for advertisements, the number of impres-
sions for advertisements, and the number of conversions for
advertisements. Other performance data can also be stored. In
some implementations, the performance data 134 can be par-
titioned based on queries that are actually entered by users
(e.g., queries that a user types and then selects a “search”
command) and on queries that are suggested. As the perfor-
mance of advertisements may vary based on the query type
(e.g., actually entered queries and suggested queries), the
advertisements that are selected for a query consisting of
particular words can vary on whether the query is actually
entered or suggested.

[0043] The campaign data 132 and the performance data
134 are used as input parameters to an advertisement auction.
In particular, the advertisement management system 130, in
response to each request for advertisements, conducts an
auction to select advertisements that are provided in response
to the request. The advertisements are ranked according to a
score that, in some implementations, is proportional to a value
based on an advertisement bid and one or more parameters
specified in the performance data 134.

§1.2 Query Suggestions

[0044] Inaddition to providing search results in response to
queries, the search engine 110, by use of a query suggestion
system 118, provides query suggestions 113 to a client
device. The query suggestions 113 can be provided by the
search engine 110 in response to a query suggestion request
from the client device. The query suggestion system 118
accesses the search history data 117 and determines a list of
query suggestions based on search queries that have the query
characters as a stem (or, alternatively or in addition, queries
that are related by topic or co-occurrence). In some imple-
mentations, the query suggestions are based on search history
data 117 associated with the unique identifier of the client
device that submitted the query suggestion request. For
example, the query suggestions can be suggestions based on
frequency co-occurrence and query stemming of queries
stored in query logs 114, and then filtered according to the
particular search history data 117 associated with the unique
identifier.

[0045] To illustrate, assume a client device requests a
search resource from the search engine 110. The search
engine 110 provides the requested search resource and inter-
face instructions to the client device. The search resource and
interface instructions cause the client device to generate a
search interface 120 that includes a query input field 122. For
example, the client device can launch a web browser and
request a web, an image, or a video search page from the
search engine 110. In some implementations, the client
device can request a search page that searches a combination
of text, images, and/or videos. The search engine 110 can
provide HTML and scripts that cause the client device to
generate the search interface 120 with the query input field
122.

[0046] The query input field 122 can receive query charac-
ters from a user, e.g., keystroke inputs, and provides each
input to the search engine 110 in the form of a query sugges-
tion request. In response to the query suggestion request, the
query suggestion system 118 identifies and ranks query sug-
gestions according to an order from highest rank to a lowest
rank, and provides the client device with the query sugges-
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tions 113. For example, the query suggestion system 118 can
access the search history data 117 and determine query sug-
gestions based on search queries that have the query charac-
ters “ba” as a query stem, e.g., “bank,” “banksy,” “Bankrate,”
“ball,” etc.

[0047] Various ranking algorithms can be used. In some
implementations, the query suggestions are ranked based on
the probability of the query suggestion being selected by a
user. In some implementations, the query suggestion with the
highest rank is the shortest word with the highest probability
of being selected by the user. In some implementations, the
query suggestions are ranked or re-ranked so natural exten-
sions are shown and grouped together.

[0048] Theclient device receives the query suggestions 113
and renders the first query suggestions according to an order.
The first query suggestions can be presented in a query sug-
gestion box 124a according to an order from a highest rank to
a lowest rank. For example, the client device can present the
first query suggestions in the query suggestion box 124a in
the search interface 120. The query suggestions can be pre-
sented in the query suggestion box 124a such that the first
query suggestion (e.g., “bank”) has the highest probability of
being selected by a user, the second query suggestion (e.g.,
“banksy”) has the second highest probability, and so on.

§2.0 Search Results for Predicted Query Completions

[0049] In response to the query suggestion request and
providing the query suggestions, the search engine 110 deter-
mines if a prediction criterion is met. The prediction criterion
is independent of a user selection on the client device of a
query suggestion provided in the first query suggestions, and
is independent of user selection on the client device to gen-
erate a search request, e.g., selection of a search button or the
user pressing enter. When a prediction criterion is met, search
results responsive to one of the query suggestions are sent to
the client device and displayed.

[0050] For a time based prediction criterion, the search
engine 110 can determine that the prediction criterion is met
when a timer initialized in response to the query suggestion
request expires after a predefined time period and no addi-
tional query suggestion requests are received during the pre-
defined time period. For example, the search engine 110 can
receive the first query suggestion request and initialize and
start a timer that expires after one second. The search engine
110 can monitor the timer and determine that the prediction
criterion is met if the timer expires after two seconds and
before another query suggestion is received. If the timer
expires before another query suggestion is sent, then search
results responsive to one of the query suggestions are sent to
the client device and displayed. Alternatively, if the relevant
search results are already present on the client device (e.g.,
cached), then the search results stored in the cache are dis-
played.

[0051] In some implementations, probability data indi-
cates, for each query suggestion, a respective probability of
being selected by the user. Thus, in some implementations,
the prediction criterion can be based on this probability, or
can be combined with a time-based prediction criterion. The
search engine 110 can identify the query suggestion with the
highest respective probability relative to the probabilities of
the other query suggestions provided to the client device, and
then determine that the prediction criterion is met when the
highest respective probability of the query suggestion
exceeds a threshold probability that is greater than zero. For
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example, the search engine 110 can determine that the query
suggestion “bank’ has a higher probability of being selected
than the query suggestions “banksy,” “Bankrate,” and “ball.”
The search engine 110 compares the probability of the query
suggestion “bank,” e.g., five percent, with a threshold prob-
ability, e.g., three percent, and determines that search results
associated with the query suggestion “bank” should be sent to
the client device and displayed, or, alternatively, displayed
from the cache if they are already present on the client device.
[0052] Insomeimplementations, the query suggestions can
also be ordered so that natural extensions are shown and
grouped together. In these implementations, the shortest
query suggestion in a group can be presented first, even
though the shortest query suggestion may not have the highest
probability of being selected by a user. For example,
“Bankrate” can have a probability of five percent and “bank”
can have a probability of four percent of being selected by the
user. The search engine 110 can compare the probability of
the query suggestion “bank™ to the threshold probability and
determine that search results associated with the query sug-
gestion “bank” are to be sent to the client device.

[0053] The prediction criterion can also be based on a lan-
guage model. For example, a prediction criterion can be met
if the search engine 110 detects a language boundary in the
query input associated with the first query suggestion request.
The language boundary can be a syllable, a word, or a bi-
gram, to name a few examples.

[0054] The providing and displaying of search results in
response to prediction criteria being met is illustrated in FI1G.
1 in the four time-sequenced representations 120-1-120-4 of
the search resource 120. In the representation 120-1, the user
has input the partial query “ba”, and a search criterion has
been met. Accordingly, the search results SR11, SR12, SR13
... are provided and displayed, as indicated in the represen-
tation 120-2.

[0055] Asusedherein, a “partial query” is a query input that
can be completed to form completed query of one or more
words. A partial query can thus be one or more keyboard
inputs that define a prefix or stem of a word, or can also be an
entire word or words. For example, the letter “a” is a partial
query, is the letter “a” is the stem for the words “aardvark,”
“Appalachia,” etc. The partial query itself can also be a word,
such as the letter “a” is a word. Likewise, the word ‘“New” is
also a partial query, as it can be combined with “York”,
“London”, etc., to form other queries, and the partial query
“New York” can be combined with “Mets” or “Yankees” to
form other queries.

[0056] When a partial query is a word stem of one or more
characters ordered in a sequence and to which one or more
characters can be attached to the end of the sequence to form
a word, the partial query is also referred to as a query stem.
Typically, a query stem does not constitute a complete word,
or constitutes only a word of few characters, e.g., “a” or “an”.
Query stems can be targeted separately from keywords, as
will be discussed in more detail below.

[0057] When search results are to be displayed in response
to a prediction criterion being met, the client device, execut-
ing the instructions, generates an indication in the search
interface that indicates the query suggestion for which the
results are responsive. In some implementations, the indica-
tion can be an automatic completion of a query input in the
query input field 122 indicating the query suggestion for
which the search results are responsive. The automatic
completion includes differentiated text 1264 appended to the
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query input in the query input field 122. For example, the
differentiated text in the query input field 122 can be pre-
sented with a gray scale background. In some implementa-
tions, the differentiated text 126a has a color background. In
some implementations, the font of the differentiated text 1264
can have a different font than the query input, e.g., bold,
italics, font type, etc. The cursor in the text input field, how-
ever, remains at the last actual input, i.e., after the letter “a” in
the stem “ba”, so that user may resume or continue typing to
add to the stem “ba”.

[0058] Otherindications can also be used. For example, the
query suggestion “bank™ can be highlighted in the query
suggestion box 124a, e.g., with a box or a background color.

[0059] The client device can display the first search results
in substantial synchronization with the indication in the
search interface 120 that indicates the first query suggestion
for which the first search results are responsive. For example,
the client device can display the search results “SR11,”
“SR12,” “SR13,” etc., in the search interface 120 at the same
time that the differentiated text 1264 is displayed in the search
interface 120. In another example, the search results are pre-
sented after the differentiated text is shown, e.g., after a short
delay (e.g., one second or less).

[0060] As described above, the interface instructions can
cause the client device to generate a query suggestion request
in response to each character input in the query input field
122. Suppose, for example, the user continues typing, and
enters the letter “r”, as shown in the representation 120-3. The
query input field 122 can receive the character “r” to form a
query input of “bar.” The scripts can receive the query input of
“bar” and cause the client device to provide “bar” as a sub-
sequent query suggestion request to the search engine 110 (or,
alternatively, only the letter “r” if the search engine 110 stores
a current state of the input of the client device). Because the
partial query input “bar” does not match the predicted query
completion “bank”, the client device removes the search
results SR11, SR12, SR13, etc., from view.

[0061] The searchengine 110 receives the query suggestion
request and provides second query suggestions responsive to
the request from the client device. For example, the query
suggestion system 118 can determine the second query sug-
gestions based on the search history data 117 and the query
input of “bar”, and the client device renders the second query
suggestions according to the order of the query suggestions.
For example, the client device presents the query suggestions
in a query suggestion box 1245 in the order “hart,” “barbie,”
“barney.”

[0062] The search engine 110 then determine ifa prediction
criterion for the second query suggestions is met. Assuming
the prediction criterion is met, the search engine 110 provides
another set of search results to the client device responsive to
a second query suggestion from the second query sugges-
tions. For example, the search engine 110 can determine that
atimer associated with the second query suggestions expired
after a predefined time period and before another query sug-
gestion request was received from the client device.

[0063] The client device receives the search results and
generates an indication in the search interface 120 that indi-
cates the second query suggestion. For example, the client
device can present differentiated text 1265 appended to the
query input in the query input field 122, and displays the
second search results “SR21,” “SR22.” “SR23,” etc., in sub-
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stantial synchronization with generating the indication in the
interface that indicates the second query suggestion.

§2.1 Example Timing Diagrams

[0064] FIG. 2 is a timing diagram 200 of an example pro-
cess for determining if a timer expires and search results
should be provided to a client. The timing diagram 200
depicts a process associated with a client 202 and a search
service 204 as time elapses downward along a vertical axis t.
The timer can be initiated in response to receiving a request
for query suggestions, or can be initiated in response to the
search service 204 providing the suggestions. In the examples
that follow, the timer is initiated when the query suggestions
are provided. Time periods relative to other events can also be
used to define a prediction criterion, e.g., a time period after
search suggestions have been presented but have not receive
user interaction, or a time period between consecutive query
suggestion requests, to name a few examples.

[0065] At a time t,, the client 202 provides a first query
suggestion request R, to the search service 204 in response to
receiving a query input character “b”. For example, the client
202 receives the query input character “b” from a query input
field in a search interface.

[0066] The search service 204 identifies first query sugges-
tions QS responsive to the first query suggestion request R,
and at time t; provides the suggestions to the client 202.
Additionally, the search service 204 determines that the query
suggestion “bank” is the highest ranked query suggestion in
the first query suggestions QS, and identifies search results
SR, for the query “bank.”

[0067] The search service 204 initializes and starts a timer
T, associated with searchresults SR, . .. The timer T, is setto
expire after a predefined time period, e.g., at time t5, and the
search service 204 monitors the timer T, for an expiration
timeout. The search service 204 provides first query sugges-
tions QS, to the client 202 and the client 202 renders the first
query suggestions QS, in the search interface. If the timer T,
expires and the search results SR, . are still responsive to the
most recent query suggestion request, the search service 204
will provide the search results SR, .. to the client 202.

[0068] At time t,, the client 202 provides a second query
suggestion request R, to the search service 204. For example,
the query input field receives a second character “r” as input
from a user and the combined query input of “br” is used for

the second query suggestion request R .

[0069] At time t;, the timer T, expires and the search ser-
vice 204 determines that the search results SR, ,,, are not
responsive to the second query suggestion request R,,. For
example, the second character in “bank” is not “r” so the user
was not typing “bank” into the query input field. Alterna-
tively, the timer T, is disabled at time t, when the search
service 204 determines that the search results SR,,,, are not
responsive to the second query suggestion request R,,. In
either case, this results in the search service 204 not providing
the search results SR, ;.-

[0070] At time t,, the search service 204 provides second
query suggestions QS,, responsive to the second query sug-
gestion request R, . The search service 204 determines that
the query suggestion “brink™ is the highest ranked query
suggestion in the second query suggestions QS,, and identi-
fies search results SR,,,,... The search service 204 initializes
and starts a timer T, associated with search results SR, ..+,
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where the timer will expire at time t5. The client 202 renders
the second query suggestions QS,, in the search interface
after they are received.

[0071] Attimet,,the searchservice 204 determines that the
timer T, has expired and no query suggestion requests have
been received since time t,, when T, was initialized, and no
other inputs have been received from the client device (e.g.,
an explicit command to perform a search for a particular
query). The search service 204 provides the second search
results SR,,,,.. to the client 202 and the client 202 renders the
second search results SR, in the search interface along
with an indication of the query suggestion “brink™ associated
with the search results SR,

[0072] FIG. 3 is a timing diagram of an example process in
which a confirmation of a query suggestion results in a pre-
diction criterion being met. The timing diagram 300 depicts a
process associated with a client 302 and a search service 304
as time elapses downward along a vertical axis t.

[0073] The processes and steps with respect to times t, and
t, are similar to those described with respect to FIG. 2 above.
However, at time t,, prior to time t,, which is the expiration
timeout for the timer T,, the search service 304 receives
second query suggestions QS,,. The second query sugges-
tions QS,, includes the query suggestion “bank” with the
highest probability of being selected by a user. Here, the
second search suggestion request, i.e., “ba”, can be inter-
preted as a confirmation that the search results SR, ,, . are of
interest to the user. Accordingly, the search service 304 inter-
prets this as meeting a prediction criterion (i.e., receiving a
confirmation of a query for pending search results for that
query). Accordingly, the search results SR, .. are sent with
the query suggestions QS, , before the timer T, expires.
[0074] More than one prediction criterion can be used. For
example, FIG. 4 is a timing diagram 400 of a process for
monitoring multiple timers. The timing diagram 400 depicts
aprocess associated with a client 402 and a search service 404
as time elapses downward along a vertical axis t. InFIG. 4, the
search service 404 is able to process two or more sets of
pending search results simultaneously and decide which set
to send to the client device 402.

[0075] At time t,, the client 402 receives the character “b”
entered in a query input field and input by a user. The client
402 provides a first query suggestion request R, to the search
service 404.

[0076] At time t,, the search service 404 sends first query
suggestions QS,, which includes the highest ranked query
suggestion “bank™ in response to the first query suggestion
request R,. The search service 404 identifies first search
results SR, ., responsive to the query suggestion “bank.” The
search service 404 initializes and starts a timer T, associated
with the first search results SR, ... The timer T is initialized
with a first duration that expires at time t5. The search service
404 provides the first query suggestions QS to the client 402
and the client 402 renders the first query suggestions QS, ina
search interface that includes the query input field.

[0077] At time t,, the client 402 provides a second query
suggestion request R, , to the search service 404 in response
to the user entering “a” in the query input field. The second
query suggestion request R, is received less than a threshold
time period after the first query suggestion request R,. For
example, the query input field is receiving query input char-
acters from a user who is a fast typist.

[0078] At time t;, the search service 404 sends second
query suggestions QS, ,, which again has “bank” as the high-
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est ranked query suggestion in response to the second query
suggestion request R, ,. However, the query suggestions for
the input “ba” also have a very highly rated query suggestion
“bart.” Accordingly, the search service 404 starts a second
timer T, for search results SR, ... If no additional suggestion
requests are received, then at the expiration of the timer T, the
searchresults SR, ., are provided. However, if the user enters
the letter “r”, then the search results for SR, ,,,,. are purged, the
timer T, continues, however, if no additional requests are
received, and when the timer T, expires, the search results
SR,,,,, are provided.

[0079] The process of queuing multiple sets of search
results can be extended for subsequent inputs. For example, if
the client 402 sends the third query suggestion request R,
(not shown), the search service 404 may identify the next
query suggestion with the highest rank in the third query
suggestions QS,,, for example “barn” and third search
results SR, ., associated with the query suggestion “barn.”
The search service 404 can initialize and start a timer T; (not
shown) associated with the third search results SR,,,,,,. The
searchresults SR, ,,,and SR, ..., and, optionally, their respec-
tive timers, are then handled in a manner similar to the way the
searchresults SR, . and SR, , ,andthetimers T, and T, were
handled.

[0080] In other implementations, if the time period
between query suggestion requests remains short (e.g., less
than a threshold time period T, apart), the client 402 does not
present search results in the search interface, regardless of
whether the query suggestion request confirms a set of search
results SR. This is because fast typing is interpreted as a signal
that the user has a specific intent to enter a particular query,
and thus does not need search results in the form of sugges-
tions.

[0081] For example, suppose the user knows a particular
phrase that he or she intends to enter, e.g., “banking bill held
up in house of representatives.” The user may type this phrase
quickly and then select a “search” command in the interface
120. During this time, the user is likely to ignore any search
results that are provided, and thus the search service 404 need
not provide search results. For example, if at time t, after t,,
the search service 404 receives a third query suggestion
request R, ,,,, and the third query suggestion request R, ,,, is
less than a threshold time period apart from the second query
suggestion request R, ,, the search service 404 can extend the
timer T, to time t, so that search results are not sent to the
client 402 at time t,. As long as the user continues to type
quickly, the timer T, or any other timers for any other search
results SR that may be pending, can continue to be extended.
[0082] In some implementations, the time periods associ-
ated with consecutive query suggestion requests can be cus-
tomized to a user. For example, the search service 404 can
determine that a first client used by a first user provides query
suggestion requests faster than the standard predetermined
time period, e.g., the user may be a fast typist compared to
many other users. The standard time period can be, for
example, a half a second, and the search service can deter-
mine that the first client is providing query suggestion
requests every third of a second. The search service can use
the customized time period (e.g., a third of a second) to
determine when to provide search results to the first client. In
one example, the search service 404 can identify a second
client based on a client identifier. The search service 404 can
use client search history information associated with the sec-
ond client to determine a customized time period. This thresh-

bart
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old time can be reduced to a minimum amount, e.g., an
amount that is greater than the threshold time period T,.
[0083] The example time periods above are illustrative and
not exhaustive, and other time periods can also be used. For
example, when the search service 404 determines that con-
secutive query suggestion requests are received less than a
threshold time period apart, the search service 404 does not
check to see if prediction criterion is met until after a time
period greater than the threshold time period has passed after
receiving the last query suggestion request. Conversely, a
pause between query suggestion requests (e.g., greater than
the threshold time period) may indicate that one of the query
suggestions interests the user and the search service 404
should send search results for the highest ranked query sug-
gestion or the query suggestion with the highest probability of
being selected by the user.

[0084] Inalternate implementations, the search service 404
provides the search results SR to the client device automati-
cally with the query suggestions, and the timers are processed
locally on the client device. Accordingly, the search service
404 need not monitor the state of the client device, as the
client device 402 is monitoring its own state with local timers.
The search results that are provided are not immediately
rendered, and include metadata indicating the query sugges-
tion to which they are responsive. At a later time (e.g., at the
expiration of a timer on the client device), the client 402
searches the local cache for the relevant search results.
[0085] In some implementations, the search service 404
does not provide search results to the client device 402 when
the search results have been sent to the client device 402
previously. For example, the search service 404 can store data
(e.g., that expires after the end of the session) indicating the
search results that have been provided to the client device 402
and the length of the cache timer associated with the results.
Ifthe search service 404 determines that a prediction criterion
is met for search results that were already sent to the client
device 402 (e.g., during the same session), the search service
404 does not provide the search results to the client. Examples
of such data indicating the search results that have been sent
include a query suggestion for which search results were sent
or the search results for the query suggestion, or other data
that identifies the query suggestions and search results that
were previously sent to the client device.

[0086] In some implementations, the query suggestions
and/or the search results can also be set to expire from the
local cache after a predetermined amount of time. The expi-
ration time can be based on the time sensitivity of query
suggestions. Generally, topical queries (e.g., news, pop cul-
ture) are more time sensitive than non-topical queries (e.g.,
history, medicine, etc.). For example, query suggestions
related to news can be set to expire after one hour, and query
suggestions related to roman history can be set to expire after
one day (or longer).

[0087] As described above, other prediction criterion can
also be used, e.g., the probability of a query suggestion being
selected being in excess of a threshold, or the current query
input meeting a language boundary criterion, such as a word,
a syllable, or an n-gram. The search service 404 (or the client
402) may implement any one of the above prediction criterion
either alone or in combination with each other.

§2.2 Example Search Result Serving Delay Criteria

[0088] In some implementations, the search service 404
can determine that the search service 404 is unable to provide

Feb. 23,2012

search results for all query suggestion requests received or all
prediction criteria met, e.g., based on limited resources. The
search service 404 can invoke serving delay criteria in order
to determine when to provide search results. For example, the
search service 404 can prioritize query suggestion requests
based on timers, the time period between consecutive query
suggestion requests, and/or probabilities that a user will select
a query suggestion request. Similarly, the search service 404
can determine that there is extra bandwidth or resources that
are available, and the search service 404 can remove or reduce
the serving delay criteria. In some implementations, the
search service 404 can invoke different delay criteria for
different clients based on the number of query suggestion
requests received from respective clients, the number of pre-
diction criteria met for respective clients, based on the time
interval between consecutive query suggestion requests for a
respective client, and/or based on the time interval between
the determination of consecutive prediction criteria being met
for a respective client.

[0089] In some implementations, the search service 404
can adjust the duration of timers associated with search
results. For example, ifthe search service 404 determines that
it is unable to provide search results to some clients based on
the current prediction criteria, the search service 404 can
increase a global time period for all timers that determine
when search results are served to a client.

[0090] In some implementations, the search service 404
can provide search results to a client every n times a predic-
tion criterion is met or a query suggestion request is received.
For example, the search service 404 can determine that there
are not available resources to provide search results to the
client for every query suggestion request but there are enough
resources to send search results to the client for every other
query suggestion request from all clients.

[0091] In some implementations, the search service 404
can increase the probability threshold associated with the
probability of a user selecting a query suggestion so that the
search service 404 provides search results for fewer query
suggestions based on the probability threshold being met. For
example, the search service 404 may determine that it cannot
serve search results for all pending search suggestions in
which the prediction criterion is met, and thus may increase
the probability threshold to a value that reduces the likelihood
of the prediction criterion being met to a level for which all
requests can again be served for which the prediction criterion
is met.

[0092] In some implementations, the duration of a timer
associated with search results is based on the probability
associated with a query suggestion the search results are
responsive to. For example, search results responsive to a
query suggestion with a high probability of being selected by
a user can be associated with a timer having a short duration,
e.g., zero seconds, 100 milliseconds, or some other short
duration, and search results responsive to a query suggestion
with a low probability of being selected by a user can be
associated with timer having a longer duration, e.g., a half a
second. In some implementations, the duration is inversely
proportional to the probability according to a function, such
as a logarithmic function.

[0093] In some implementations, the search service 404
throttles the provision of search results to the client 402 based
on the bandwidth or data connection capabilities of the con-
nection with the client 402. In general, the higher the band-
width or better the data connection capability (e.g., lag time),
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the more aggressive the search service is in providing search
results. For example, the search service 404 can determine
that a client has a high bandwidth connection and thus pro-
vides the client with search results in response to each query
suggestion request received. Alternatively, the search service
404 determines that a client has a low bandwidth connection
and provides the client with search results after a timer with a
long duration expires.

§3.0 User Interface Examples

[0094] FIGS. 5A-5I depict a web search page 500 display-
ing query suggestions and search results responsive one of the
query suggestions. The web search page 500 can be provided
by the search engine or the search service to the client device
orclient, described above, in response to arequest for a search
resource (e.g., a search page).

[0095] The web search page 500 includes a search interface
502. The search interface 502 includes a query input field 504
and can display search results responsive to a query sugges-
tion associated with a search query in the query input field
504. The web search page 500 can display web, image, video,
product, or document search results, to name a few examples.
[0096] FIG. 5A shows a query suggestion box 506a with
query suggestions QS,,. The query suggestions “Italy,” “Italy
map,” “Italian,” and “Italian History” are query suggestions
responsive to the query input “It” in the query input field. For
example, a user has entered the text “It” into the query input
field but is unsure about the specific spelling of the word
“Italy” or the topic that they are searching for (e.g., “Italy” or
“Italian”). The search engine can provide query suggestions
QS,, in the query suggestion box 5064 in order to help the user
choose a search query.

[0097] The query suggestions QS;, can be ranked according
to an order. For example, the query suggestions can be ranked
based on the probability that the user will select the respective
query suggestion. The ranking of the query suggestions
according to probability is indicated by the numerical values
508a adjacent to the query suggestions. These values are
illustrative only and are not shown in the actual user interface.
In the example ranking, “Italy” has the highest probability
and a rank of one, “Italian” has the second probability and a
highest rank of two, “Italy map” has the third probability and
a highest rank of three, and “Italian History” has the lowest
probability and a rank of four.

[0098] The search engine can re-rank the query suggestions
QS,, so natural query extensions are presented together in a
group. For example, according to the re-ranking, “Italy” has
the highest rank, “Italy map” (with the same first term) has the
second rank, “Italian” has the third rank, and “Italian History”
has the fourth rank.

[0099] FIG. 5B shows the progression from FIG. 5A in
response to a prediction criterion being met. In FIG. 5B, the
search results are received at the client and the differentiated
text “aly” 510a is presented in the query input field 504. The
input query combined with the differentiated text “aly” 510a
form one of the query suggestions (“Italy”) presented in the
query suggestion box 506a, e.g., the query suggestion with
the highest rank.

[0100] Search results 514a-c are presented in the search
interface 502. The search results 514a-c are responsive to the
query suggestion “Italy” 512a. For example, the search
engine receives a query suggestion request R, from the client
device rendering the web search page 500 (e.g., a laptop
displaying the web search page 500). The search engine iden-
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tifies and provides query suggestions QS,, to the client device
and the client device presents the query suggestions QS;, in
the query suggestion box 506a according to a rank. The
search engine determines that a prediction criterion is met and
sends the search results SR, associated with the query
suggestion “Italy” 512a to the web browser presenting the
web search page 500. The web search page 500 presents the
differentiated text “aly” 510a and the search results 514a-c in
the search interface 502.

[0101] In some implementations, the client can render a
proper subset of the search results. For example, the search
service provides the search results SR, to the client, and the
client only renders the search result 514a without rendering
the search results 5145-c. After a predetermined time period
of inactivity after rendering 514a, e.g., one second, which
may indicate the user is interested in the search result 514a,
the remaining search results may be rendered.

[0102] FIG. 5C shows the progression from FIG. 5B where
the user enters the character “h” in the query input field 504 so
that the query input presented is “Ith.” Here, the partial query
“Ith” is not a stem (or otherwise part of) the query suggestions
Q,- Accordingly, the search results 514a-c are not responsive
to the query suggestions QS,,;,. Thus, when the client device
presents the query suggestions QS in the query suggestion
box 5065, the client device also fades out the search results
514a-c, as indicated by the dashed outlines of the search
results 514a-c. The fading effect can be implemented by a
script or other programming instructions.

[0103] Other ways of removing search results can also be
used. For example, the search results 514a-c are immediately
removed from the search interface 502; they can be grayed out
(e.g., the search results are changed to gray or another color
and become partially transparent); or they can fade from view.

[0104] In other implementations, when the search results
514a-c are no longer responsive to the query input, the search
results remain in the search interface 502 in grayed-out form,
but the search interface no longer allows user interaction (e.g.,
selection) of the search results 514a-c in grayed out form. In
an alternative implementation, the user can interact (e.g.,
mouse ovet, select, etc.) with the search results, and various
actions can occur as a result. For example, mousing over a
grayed out search result will cause it to appear in original
form, and the user may select the search result to request the
underlying resource it references. Alternatively, all of the
search results may return to their original, selectable form,
and the user query in the query input may revert to the query
suggestion for which the search results are relevant. For
example, in FIG. 5C, if the user were to mouse over search
result 514a, the search results 514a-c would return to their
normal form, and the query input would revert to “Italy”.

[0105] Returning now to the example of FIG. 5C, the query
suggestions QS,,, include the suggestions “Ithaca College,”
“Ithaca,” and “Ithaca NY”, and are re-ranked as shown. For
example, the search engine can rank the query suggestions
QS,,, according to the length of the query suggestion or so
that natural extensions are shown and grouped together.

[0106] FIG. 5D shows the progression from FIG. 5C when
aprediction criterion is met for the query suggestion “Ithaca”
5125 and search results are presented on the search interface
502. For example, the client device receives search results
SR, that are responsive to the query suggestion “Ithaca”
512b. The client device can present the differentiated text
“aca” 5105 inthe query input field 504. The differentiated text
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“aca” 5105 are the characters from the query suggestion
“Ithaca” 5125 that are not already present in the query input
field 504.

[0107] Inthe examplesabove, search results are removed or
added in response to query suggestion requests. However,
there are additional ways in which search results can be show
in the absence of any additional user input. One example way
is by use of a presentation timeout, which occurs when a user
takes no action for a specified period of time, e.g., 30 seconds,
after search results are shown.

[0108] FIG. 5E shows the progression from FIG. 5D after a
presentation timeout. A presentation timeout can occur when
search results are presented in the search interface 502 for a
predetermined time period and no user interaction within the
search interface 502 is detected. For example, the search
results 516a-b were presented in the search interface 502 and
user interaction with the search results 516a-b during the
predetermined time period was not detected. In response to
the presentation timeout, the search interface 502 can auto-
matically select a different query suggestion or re-rank the
query suggestions, and notify the search engine of the selec-
tion. For example, the query suggestion “Ithaca NY” 512¢
can be switched with the query suggestion “Ithaca” so that
“Ithaca NY” 512c is the highest ranked query suggestion in
the query suggestion box 506¢. In response to the notification,
the search engine provides search results (e.g., search results
518a-c) for the newly selected query suggestion (e.g., “Ithaca
NY™). In a variation of this implementation, instead of select-
ing a new query suggestion, the search interface 502 requests
anew set of search results (e.g., a next page of search results,
such as results 11-20 if results 1-10 are displayed) in response
to the presentation timeout.

[0109] FIG. 5E also shows another example of how search
results can be transitioned out of the search interface. Here,
the search results 516a-c fade out and move to the edge of the
search interface 502 while the search results 518a-c fade in
and appear in the search interface 502. In other implementa-
tions, the search results 518a-c scroll onto the search interface
502 while the search results 516a-c scroll off the search
interface 502.

[0110] In some implementations, a presentation timeout
does not occur if the web search page 500 is minimized or no
longer in focus (i.e., no longer the active view port). For
example, a user can receive an email and switch to an email
client. As the web search page 500 is no longer in focus, the
timer for the presentation timeout is suspended. When the
search page 500 returns to being the active view port, the
timer resumes its countdown.

§3.1 Additional User Interface Features and Search Service
Features

[0111] The user interface features and search service fea-
tures described above do not constitute and exhaustive set of
examples. Other user interface features and search service
features can also be implements. Additional examples of user
interface features and search service features are described in
the following sections.

§3.1.1 Additional Query Input Field (“Searchbox™) Features

[0112] In some implementations, selection of the tab key
allows a user to add or complete a single word in the query
input field 504 at a time. For example, if the user pressed the
tab key a first time in FIG. 5D, the portion of the differentiated
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text “aca” would be added to the query input “Ith” changing
the query input to “Ithaca” and the updated differentiated text
to “_NY.” Pressing the tab key a second time would change
the query input to “Ithaca NY” and there would no longer be
any differentiated text. Alternatively, the user may select from
the query suggestions 5124.

[0113] In some implementations, if the client detects an
unexpected “space” character (e.g. tWo consecutive spaces
after a complete word or space that creates an unexpected
word break in a word), the current input is provided as a query.
For example, the input “goog” may results in the suggestions
of “google maps™ or “google translate.” However, if the next
query input is a space character, creating an input of “goog”,
the input “goog” is used as a query for search results.
[0114] In some implementations, the client device will
revert to the query input field when a user resumes typing. For
example, the search results that are provided may scroll off
the web page. If the user of the client devices uses a mouse to
scroll down and review search results, and then resumes typ-
ing the query input, the client device will scroll up to query
input field to resume modifying the current query input.
[0115] In some implementations, the query input field
includes a command (e.g., an “x” button) on a side. Selection
of the command clears the query input, and can additional
send a notification to the search service to kill all pending
searches and timers related to the query suggestions.

[0116] In some implementations, the status field can be
displayed adjacent (e.g., on top of) the query input field. The
status field can indicate the predicted query suggestion for
which the current search results being shown. As the user
continues to type, and the search results change, the status
indicator can also change when a different query suggestion is
used for the search results.

[0117] In some implementations, selecting an enter com-
mand enters the predicted completion query as the search
query. In these implementations, to enter the current query
input, the user selects an alternate key, such as a backspace,
escape, or enters an extra (or unexpected) space character.
[0118] In some implementations, search results are not
automatically displayed. Instead, one or more indicators are
used to indicate when search results are ready to be displayed.
For example, for each search query suggestion, a small round
circle may be displayed and the circle is red when there are no
search results to display for the suggestions, and the circle
changes to green when search results are available to display.
For example, circles 5085 in FIG. 5E, which represent rank
and are not actually displayed, can instead be color coded red
and green and actually be displayed. The user may use an
arrow key or tab key, or mouse over, to change focus to certain
suggestions, and when the focus is on a particular selection
with a green indicator, the search results are displayed. Simi-
larly, a progress bar that moves along as the user types, behind
the text of the query input field, is displayed, and catches up
with the cursor position in the query input text when the
search results are received. Other indicators, such as bars in
sequence (similar to a signal strength indicator), or the query
input field being highlighted (e.g., the border changing to a
blue color), can be used.

[0119] In some implementations, selecting a right arrow
key causes a top-ranked query suggestion to be entered into
the query input field. The user may then resume typing by
adding to the suggestion. For example, a user may desire to
enter the query “Mississippi blues festival.” Instead of typing
in Mississippi, the user may type “Miss—blues festival.”
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[0120] Insome implementations, a partial query input, or a
query stem, can be provided as a query to the search engine
110. In a first variation of these implementations, the partial
query input can be provided to the search engine 110 as an
additional query input in addition to the selected query sug-
gestion. For example, for the partial query input “ama”, the
search engine 110 may select the query suggestion “amazon
rain forest” for identifying search results. However, the
search engine may also conduct a search on the partial query
input “ama”, and thus the search results that are shown in
response to a prediction criteria being met include search
results responsive to the query suggestion “amazon rain for-
est” and search results responsive to the query input “ama.”
The respective search results for the query suggestion and the
query input can be distinguished as described above with
respect to FIG. 5F, e.g., color coded, etc.

[0121] In the second variation of these implementations,
the search engine 110 will only process the partial query input
if a confidence measure or quality measure associated with
the query suggestions are below respective thresholds. For
example, for the partial query input “kIf”, the search engine
110 may determine that none of the query suggestions meet a
confidence measure or equality measure. Accordingly, the
search engine conducts a search only on the query “kIf>” An
example confidence measure is a frequency of occurrence of
the query suggestion, a probability that the query suggestion
will be selected by the user, or some other measure indicative
that the query suggestion is a likely completion of the query
input. An example quality measure for query suggestion is a
value indicating the quality of the underlying resources ref-
erenced by search results responsive to the query suggestion.
For example, if a query suggestion only identifies resources
that are of little importance, e.g., resources that ranked low in
an authority graph, the query suggestion can have a very low
quality measure. Conversely, if the query suggestion identi-
fies resources that are of high importance, e.g., resources are
ranked very high in authority graph, the query suggestion can
have a very high quality measure.

§3.1.2 Additions Suggestion Features

[0122] In some implementations, suggestions that are per-
sonalized based on the user’s history, along with the search
results that are provided, can be protected (e.g., encrypted).
Such protection can be used to prevent replay attacks and
other exploits that may compromise the user’s privacy. For
example, data for cookie exchanges, personalized sugges-
tions and search results can be provided over a secure socket
layer (SSL).

[0123] Insome implementations, an on-screen virtual key-
board can be displayed (e.g., such as in the case of a mobile
device user interface), and the virtual keyboard color code
certain keys that correspond to likely completions by letter.
[0124] In some indications, indicators are used to indicate
the probability of completion for each query suggestion, e.g.,
a bar shown to the right of the suggestion. Thus the user can
visualize a confidence level shown for each suggestion.
[0125] Insomeimplementations, the user may use an arrow
key or tab key, or mouse over, to change focus to certain
suggestions. When the focus changes to a particular sugges-
tion, search results for that suggestion are shown. If the user
does not select a suggestion, the user may resume typing to
change focus back to the current query input.

[0126] In some implementations, query suggestions are
continually formed from a last word or term of a query. The
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last word or term of a query is used as a basis for a new query
suggestion, and thus the number of terms in the query sug-
gestions can remain unbounded.

[0127] In some implementations, a query suggestion can
include a command that, when selected, causes the display of
a first (e.g., most highly ranked) search result for the query.
For example, in FIG. 5F, mousing over (or otherwise select-
ing) one of the circles next to one of the search results 5225
will cause one of the corresponding search results 524a, 5245
or524c to appear. Alternatively, selecting the circle will cause
the client device to request the underlying resource refer-
enced by the corresponding search result. For example,
selecting the circle next to the search result “Ithaca NY”
causes the client device to request the resource referenced by
the search result 524a.

§3.1.3 Additional Presentation Features

[0128] In some implementations, if a character is deleted
from the query input (e.g., with the backspace or delete key),
the search engine does not provide query suggestions to the
client device, and additional query suggestions are not dis-
played, until a character is again added to the query input field
504.

[0129] In some implementations, if a character is deleted
from the query input (e.g., by using a cut option), the search
engine does not provide query suggestions to the client device
and query suggestions are not displayed until the search
engine determines that a character has not been deleted from
the query input field 504 for a predetermined amount of time.
For example, if the search interface 502 determines that
changes to the query input are the removal of characters, the
client device does not send a query suggestion request to the
search engine until three seconds after the last character has
been deleted. As with the presentation timer, the client device
uses an edit timer in order to determine when to send another
query suggestion request after character deletion or back-
space.

[0130] Insomeimplementations, when the search interface
502 does not detect interaction with the search results after a
predetermined amount of time, search results for two or more
of'the query suggestions can be presented in the search inter-
face. For example, the search result 518a is responsive to
“Ithaca,” the search result 5185 is responsive to “Ithaca NY,”
and the search results 518c is responsive to “Ithaca College.”
Indication of the query suggestion associated with the respec-
tive search results can be presented to the side of the search
results. For example, the search interface 502 can include a
box to the left of each search result, where the box contains
the text of the query suggestion associated with the search
result.

[0131] In some implementations, multiple query sugges-
tions can have a high priority or the same priority. When this
occurs, at least one search result responsive to each of the
multiple query suggestions that have the high priority or
probability is rendered. FIG. 5G shows two query suggestions
512d-e and search results 520a-c responsive to the two query
suggestions 512d-e. For example, both of the two query sug-
gestions 512d-e have a high probability of being selected by
auser. In these implementations, the background of the query
suggestions (or the text of the query suggestions) are color
coded in a query suggestion box 5064 and the background of
the search results 520a-¢ (or text of the search results) are
color coded to match the query suggestion the results are
responsive to. For example, the search results 520q-b are
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responsive to the query suggestion “Ithaca College” 512¢ and
the search result 520¢ is responsive to the query suggestion
“Ithaca” 512d.

[0132] Accordingly, the search results that are provided can
be based on the top predicted query, or on several of the top
predicted queries, e.g., grouped as in FIG. 5G, or in other
implementations, based on the top results (e.g., the top 1 or 2
results) for each predicted query given the user’s typed prefix.
[0133] Insome implementations, pressing a particular key,
such as a page down key, or placing the mouse in the scroll bar
to scroll down, causes the client device to page through search
results that are shown for a query suggestion while still main-
taining the current cursor position in the query input. Thus,
the user may resume typing at any time to continue to develop
the query.

[0134] In some implementations, search results that are
shown for suggestions do not disappear when the user con-
tinues to type. Instead, new search results may “scroll in” to
the search page, e.g., from the top, and old search results may
“scroll out” of the search page, e.g., to the bottom. Search
results that are in the processing of scrolling downward and
which are not search results that would be found for a current
suggestion or query input are marked with an indication that
indicates that the search results are “stale”, i.e., notrelevant to
the current query suggestion. An example of this interface is
shown in FIG. 5H. Search results 526 are moving in a down-
ward direction, as indicated by the arrow 527. The search
results 526a and 5264 are relevant to the query suggestion
“Ithaca NY”, while the search results 526c¢ and 526d are
relevant to the query suggestion “Italy.” Accordingly, an indi-
cation, such as the search results 526¢ and 5264 becoming
transparent, or some other indicator, is generated to notify the
user that the search results are stale.

[0135] In some implementations, the number of search
results that are shown for a query suggestion vary, depending
on whether the query suggestion is a navigational query or an
informational query. A navigational query is a query that
usually has only one satisfactory result, as indicated by a very
high relevance score, by traffic patters, or a combination of
relevance and traffic patterns. An informational query is a
query that has many search results for which several or more
the most popular underlying resources have a relatively
evenly distributed selection rate. For an informational query,
the search results are shown as above. For a navigational
query, only the top result referencing the corresponding
resource is shown.

[0136] In some implementations, query suggestions that
cause search results that include images or other content that
may distract users can be penalized in the ranking of query
suggestions. Search results that provide rich content tend to
attract users’ attention, even if the content is not related to the
users’ current interests, resulting in artificial topic drift. Thus,
in some implementations, the queries that cause these search
results to be generated can be ranked lower than query sug-
gestions that cause less distracting search results to appear
(e.g., search results with primarily text content. In alternate
implementations, the queries are not re-ranked, but the rich
content is suppressed, e.g., images and video clips are not
shown in the search results. In variations of these implemen-
tations, the re-ranking or suppression is dependent on the
corpus being searched. For example, if the user is search web
documents, re-ranking or suppression can be enabled; con-
versely, if the user is searching images, re-ranking or suppres-
sion is not enabled.
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[0137] In some implementations, query suggestions that
result in the identification of content that is classified as
sensitive content, e.g., pornographic content as identified by
one or more pre-existing porn classifiers, are not used for
generating search results. For example, resources that are
identified by a query suggestion can be checked by porn
classifiers, and if a threshold number of the resources are
classified as including porn (e.g., 10%, or any of the resources
that would be referenced in the first page of search results,
etc.), then the search results are not provided for the query
suggestion. In alternate implementations, the search results
are generated but are not shown automatically. Instead, a
button is shown that indicates the content that will be shown
is potentially sensitive, and the user must confirm that the
search results can be shown.

§3.1.4 Additional Resource Management Features

[0138] In some implementations, when the client detects
that characters are no longer being deleted from the query
input field 504, the client can check a local cache for query
suggestions and/or search results for the current query input
in the query input field 504. For example, the client can
provide a query suggestion request R, to the search service
and receive query suggestions QS;, and search results SR,;,.
The client can render the query suggestions QS,, in the query
suggestion box 5064 and store the query suggestions QS,, and
the search results SR, in a local cache. The client then
detects input of the character “h” in the query input field 504
and provides a query suggestion request R, to the search
service, receives the query suggestions QS,,,, and renders the
query suggestions in the query suggestion box 5065. There-
after, the user presses a backspace key to remove the character
“h.” The edit timer fires, and then expires after a period of
inactivity. The client then determines that the current query
input is “It” and checks the local cache for query suggestions
and search results associated with the query input “It.” Locat-
ing the query suggestions QS;, and the search results SR, ,
the client device then presents the query suggestions QS and
the search results SR,,;,, (e.g., the search results 514a-c) in
the search interface 502. If the search results for the query
suggestion Italy are not in the local cache, then the client can
request the search results from the search service, or the
search service can provide the search results, in response to a
prediction criterion being met.

[0139] In some implementations, requests for query sug-
gestions are not sent with each keystroke, but instead are sent
according to a period time, e.g., every 150 milliseconds, or
some other time period. This reduces the load on the search
service while only causing minimal changes in the user expe-
rience.

[0140] In some implementations, the search service moni-
tors the client device connection, and does not provide search
results for a query suggestion if the client device connection
is experiencing a high latency or is severely bandwidth con-
strained. Instead, the search service provides search results in
aconventional manner, i.e., when the user issues a request for
a specific query.

[0141] In some implementations, the client device is con-
figured to progressively render the search results as they are
received. In variations of this implementation, a search result
that were previously provided and displayed can remain dis-
played when new search results are received for a new query



US 2012/0047025 Al

suggestion, provide the search result that was previously pro-
vided and displayed is relevant to the new query suggestion.

§3.1.5 Mode Integration

[0142] In some implementations, the suggestion service
and rendering of search results can be integrated in other web
browser modes. For example, FIG. 51 shows a web browser
page 530 in which the user has entered the character “¢” in the
address bar. Suggestions 532 are shown in response. Two of
the suggestions, 5325 and 532¢, are URLs for web pages, as
indicated by the web icon adjacent to the URLs. Two other
suggestions, 532a and 5324, are search query suggestions, as
indicated by the search icon adjacent the search query sug-
gestions. By use of an input device, such as an arrow key, the
user can highlight one of the suggestions 532, and corre-
sponding content 536 is shown in a preview pane 538. The
corresponding content is, for example, search result content
or a web page preview.

[0143] For example, if the user highlights suggestion 53254,
as indicated by the dashed box 534a, then a preview of the
webpage at examplel.com is shown in the preview pane 538.
Another input, such as an enter key input, causes the client
device to navigate to the previewed web page.

[0144] Conversely, if the user highlights suggestion 5324,
as indicated by the dashed box 53454, then search results are
shown in the preview pane 538. The user may interact with the
search results as described above. Ifthe user selects a particu-
lar search result, then the client device navigates to the page
referenced by the underlying search result. Should the user
navigate back, e.g., by selecting the back browser command
540, then the client device navigates to a search interface page
of'the search service, such as the page 500 shown in FIG. 5A.

§3.1.6 Logging, Preference and History Features

[0145] Insome implementations, a user can specify prefer-
ences for providing search results. The preference can be
stored locally on the client (e.g., in a cookie) and provided to
the search service, or can be stored in a user account with the
search service. The preferences include a setting for when
search results are to be provided (e.g., a slider or a Likert scale
to adjust the prediction criterion, with a low value/setting
resulting in search results not being presented or only being
presented after long times (e.g., 10 seconds), and a high
value/setting resulting in search results being provided with
each keystroke). For example, the user can choose to render
results with every set of query suggestions, or can choose that
the system be very conservative and only render results after
several keystrokes, after an n-second pause, etc.

[0146] Insomeimplementations, the search service canuse
information about a user to determine when to provide search
results to a client device. For example, the search service can
determine that the time period between consecutive query
suggestion requests, provided by a client associated with the
user, is typically less than a threshold period of time. The
search service can determine that the current time period
between consecutive query suggestion requests from the cli-
ent are being received at a time period that is greater than
normal and provide search results to the client based on this
difference.

[0147] In some implementations, the search service can
store as history data the search results that were shown for
query suggestions, and the query suggestions for which they
were shown. These suggestions and results can be differenti-
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ated from search queries for which a user explicitly requested
a search. Query suggestions for which only some positive
user interaction was observed—e.g., a long pause, a selection
of a search result—are persisted to the user’s history, while
other query suggestions that did not result in some positive
user interaction are not persisted to the user’s history. Thus,
the user, by examining his or her history, can review queries
that he or she actually entered, and can also review query
suggestions for which he or she exhibited a positive user
interaction. As with other user history data, the user’s search
history and selections are protected by one or more privacy
features to protect the user’s privacy.

§4.0 Example Query Server Process Flows

[0148] FIG. 6 is a flow diagram of a process 600 for pro-
viding search results responsive to a query suggestion to a
client device. The process 600 can be used by the search
engine to provide search results to the client device.

[0149] The search engine receives from a client device a
request for a search resource (602). For example, the search
engine receives a request from the client device for a web
search page.

[0150] The search engine provides to the client device in
response to the request the search resource (604). The search
resource includes interface instructions that cause the client
device to generate a search interface that includes a query
input field. For example, the search engine provides the web
search page, including HTML and scripts, to the client
device. The client device can use the HTML and scripts to
render a search interface that includes a query input field.
[0151] The search engine receives query suggestion
requests from the client device (606). Each query suggestion
request is generated in response to a query input in the query
input field. For example, the client device can generate a
query suggestion request from query input entered into the
query input field by a user. The client device can provide the
query suggestion request to the search engine. The client
device can determine that a word or part of a word is entered
into the query input field and generate a query suggestion
request for each character in the word or in the partial word.
Alternatively, the client device can generate a query sugges-
tion request for every n characters, or each word input into the
query input field.

[0152] In response to each query suggestion request, the
search engine provides query suggestions responsive to the
request (608). For example, the search engine identifies query
suggestions responsive to the query suggestion request and
provides the query suggestions to the client device. The
search engine can identify the highest ranked query sugges-
tion or the query suggestion with the highest probability of
being selected by a user. The search engine can identify
search results associated with the identified query suggestion
and start a timer associated with the search results.

[0153] The search engine determines if a prediction crite-
rion is met (610). The prediction criterion is independent of a
user selection of a query suggestion provided in response to
one or more query suggestion requests. For example, the
prediction criterion is a probability threshold, a timer expira-
tion, or a combination of the probability threshold and timer
expiration. If the search engine determines that the probabil-
ity associated with the identified query suggestion is above a
threshold probability, the prediction criterion is met. If the
search engine determines that a timer associated with one of
the search results has expired (e.g., one of the search results
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associated with one of the query suggestion requests), the
prediction criterion is met. The timer can be associated with
the search results for the most recent query suggestion request
or search results from a query suggestion request received
before the most recent query suggestion request.

[0154] If the prediction criterion is met, the search engine
provides search results to the client device (612). The search
results are responsive to one of the query suggestions pro-
vided in response to the query suggestion request or one or
more previous query suggestion requests. For example, the
search engine provides the search results associated with the
identified query suggestion to the client if the probability
criterion is met. The search engine can provide the search
results associated with a timer if the timer expired. If the
search engine receives another query suggestion request from
the client device, the process 600 continues for the next query
suggestion request (608).

[0155] If the prediction criterion is not met, the search
engine does not provide search results to the client device
(612). For example, if the search engine determines that the
prediction criterion is not met, the search engine does not
provide search results to the client device. If the search engine
receives another query suggestion request, the process 600
continues for the next query suggestion request (608). While
the search engine does not receive another query suggestion
request, the process 600 continues to check whether a predic-
tion criterion is met (610). In some implementations, the
process 600 stops if the search engine determines that a pre-
diction criterion cannot be met until another query suggestion
request is received from the client device.

[0156] The order of steps in the process 600 described
above is illustrative only, and processing of query suggestion
requests can be done in different orders. For example, while
the process 600 above describes providing query suggestions
responsive to the query suggestion request, and then deter-
mining if a prediction criterion is met, the process 600 can be
modified so that the process 600 determines if a prediction
criterion is met and then provides query suggestions to the
client, either with or without the search results.

[0157] In some implementations, the process 600 can
include additional steps or some of the steps of the process
600 can be divided into multiple steps, as described above
with reference to FIGS. 2-5E. For example, the process 600
can adjust a timer associated with search results when the
search engine identifies the same search results as being
responsive to two consecutive query suggestion requests. The
process 600 can include shortening or extending the duration
of the timer. In one example, the process 600 can include
increasing a probability percent associated with a query sug-
gestion that is responsive to two consecutive query suggestion
requests. In one example, the process 600 can include adjust-
ing the prediction criteria based on the resources available to
the search engine.

[0158] Although described as being implemented in a
server, portions of the process 600 can be performed in the
client device. For example, the client device can determine if
prediction criteria are met, and request corresponding search
results from the search engine when the prediction criteria are
met. The search engine, in turn, provides the search results
and client device renders the search results as described
above. Alternatively, the search results can be provided with
each set of query suggestions, and when a prediction criterion
is met, the client device renders the search results that are
stored in the browser cache.
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[0159] FIG. 7 is a flow diagram of a process 700 for deter-
mining if a prediction criterion is met. The process 700 can be
used by the search engine 110 to provide search results to the
client device 106 or by the search service 404 to provide
search results to the client 402. The process 700 can be per-
formed as a part of the process 600 or as a separate process.
For example, a search service performing the process 600 can
perform the process 700 instead of steps 612-616.

[0160] The search engine identifies a query suggestion with
the highest respective probability relative to the probabilities
of the other query suggestions provided (702). For example,
each query suggestion has a respective probability of being
selected by a user. In some implementations, the search
engine receives a query suggestion request from a client
device and identifies query suggestions responsive to the
request. The search engine can identify the query suggestion
with the highest respective probability and identify search
results responsive to the identified query suggestion.

[0161] The search engine determines if the highest respec-
tive probability exceeds a threshold probability (704). The
threshold probability is greater than zero. For example, the
search engine has a predetermined threshold probability. The
search engine compares the highest respective probability
with the threshold probability to determine if the highest
respective probability exceeds the threshold probability. In
some implementations, the search engine has more than one
threshold probability and the search engine determines the
current serving delay criteria associated with the client that
will be provided with the query suggestions, as described
above.

[0162] If the probably exceeds the threshold, the search
engine provides search results to a client device responsive to
the identified query suggestion (706). The search results pro-
vided are responsive to the query suggestion with the highest
respective probability. For example, if the highest respective
probability exceeds the threshold probability, the search
engine provides the search results associated with the identi-
fied query suggestion to the client. In some implementations,
the search engine provides the query suggestions, including
the identified query suggestion and the other query sugges-
tions, to the client device with the search results.

[0163] Conversely, if the probably doe not exceed the
threshold, the search engine does not provide search results to
a client device (708).

[0164] In some implementations, the search engine
receives another query suggestion request and the process
700 continues to identify a query suggestion with the highest
probability for the query suggestions responsive to the
received query suggestion request (702).

§5.0 Example Client Query Process Flows

[0165] FIG. 8 is a flow diagram of a process 800 for indi-
cating a query suggestion for which search results are respon-
sive. The process 800 can be used by the client to receive
query suggestions from the search engine.

[0166] The client generates a search interface that includes
a query input field (802). For example, the client receives
HTML and scripts from the search service and generates a
web search page. The web search page includes a query input
field for receiving character input from a user.

[0167] The client provides query characters input in the
query input field to a search service as a first query suggestion
request (804). For example, the client receives query charac-
ters in the query input field from a user. The client sends the
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first query suggestion request to the search service in
response to receiving the query characters. The client can
send a query suggestion request for every character, every n
characters, or every word entered into the query input field.

[0168] The client receives first query suggestions in
response to the first query suggestion request (806). For
example, the client receives the first query suggestions from
the search service in response to the first query suggestion
request.

[0169] The client renders the first query suggestions
according to an order (808). For example, the first query
suggestions can include a ranking order. The client can
present the first query suggestions in the search interface
according to the ranking order. The client can render the first
query suggestions below the query input field. In some imple-
mentations, the client can render the first query suggestions to
the left or the right of the query input field.

[0170] The client generates an indication in the search
interface that indicates the first query suggestion for which
first search results are responsive (810). The generation of the
indication is performed in response to the client receiving the
first search results responsive to one of the first query sugges-
tions. The first search results are received independent of user
selection of one of the query suggestions and independent of
sending a completed query to the search service. For example,
the first search results are received independent from the user
selecting one of the first query suggestions, selecting a search
or a send button, or pressing enter. The indication can be
presentation of differentiated text in the query input field after
the query character input. The differentiated text and the
query character input can form the word or words for which
the first search results are responsive. In other implementa-
tions, the indication can be highlighting the first query sug-
gestion in a query suggestion box.

[0171] In some implementations, the process 800 can
include additional steps or some of the steps of the process
800 can be divided into multiple steps, as described above
with reference to FIGS. 2-5E.

[0172] FIG. 9 is a flow diagram of a process 900 for dis-
playing second search results responsive to a second query
suggestion. The process 900 can be used by the client to
receive query suggestions from the search service. In some
implementations, the client can perform the process 900 after
performing the process 800.

[0173] The client displays first search results in substantial
synchronization with an indication in an interface that indi-
cates a first query suggestion for which the first search results
are responsive (902). For example, the client presents the first
search results in a search interface at the same time that the
differentiated text is presented in the query input field. In one
example, the client presents the indication of the first query
suggestion and after a delay of one second or less presents the
first search results.

[0174] The client receives second search results responsive
to a second query suggestion (904). The second query search
results are received subsequent in time to the first query
suggestion for which the first search results are displayed. For
example, the client may have provided a second query sug-
gestion request, received the query suggestions, and predic-
tion criterion for the second query suggestion is met.

[0175] The client generates an indication in the interface
that indicates the second query suggestion (906). For
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example, the client can present differentiated text in a query
input field or highlight the second query suggestion in a query
suggestion box.

[0176] The client removes the first search results (908). For
example, the client fades out the first search results, removing
the first search results from the search interface.

[0177] The client displays the second search results in sub-
stantial synchronization with generating the indication in the
interface that indicates the second query suggestion (910).
For example, the client displays the second search results one
second after presentation of the differentiated text or high-
lighting of the second query suggestion. In some implemen-
tations, the second search results fade in on the search inter-
face while the first search results fade out from the search
interface.

[0178] The order of steps in the process 900 described
above is illustrative only, and processing of query suggestion
requests can be done in different orders. For example, while
the process 900 above describes removing the first search
results, then displaying the second search results, the process
900 can be modified so that the first search results are
removed at the same time that the second search results are
displayed.

[0179] In some implementations, the process 900 can
include additional steps or some of the steps of the process
900 can be divided into multiple steps, as described above
with reference to FIGS. 2-5E.

§6.0 Advertisement Bidding and Management

[0180] Insome implementations, when a query suggestion
is selected, keywords related to the query suggestions are also
selected, and advertisement targeted to the keywords are pro-
vided with the search results in response to a predication
criterion being met. However, in these implementations,
when the query input is a query stem, the query stem presents,
at most, an ambiguous signal of the user’s interest. For
example, the query stem “p” is the first letter of many difter-
ent words and queries that cover many different subjects and
interests.

[0181] Thus, in some implementations, the advertisement
management system 130 stores campaign data 132 that indi-
cates whether an advertiser desires to target advertisements
with search results that are provided in response to a predic-
tion criterion being met. The advertisement management sys-
tem 130 allows advertisers to “opt out” of targeting in these
situations.

[0182] Should the advertiser decide to opt-in to targeting
advertisements with search results that are provided in
response to a prediction criterion being met, the advertiser
can select several targeting options. The first targeting option
targets advertisements based on keywords associated with
query suggestions that are selected for providing search
results in response to a prediction criterion being met. The
first targeting option selects advertisements in a manner simi-
lar to the way advertisements are selected for queries that are
explicitly entered by the user (e.g., when the user enters a
query and selects a search command to submit the query to the
search engine 110). Each time an advertisement is provided,
an impression can be counted for the advertisement. Alterna-
tively, as described in section 7 below, impressions may only
be counted in the presence of the signal that a user has stopped
typing and is viewing the search results and/or advertise-
ments.
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[0183] The second targeting option targets advertisements
based on query stems. This targeting option is especially
useful for advertisers that are attempting to meet one or more
advertising objectives through the use of display advertise-
ments. A display advertisement is an advertisement that is not
necessarily directed to driving traffic to a particular landing
page, but instead is directed to some other advertising goal,
such as building brand recognition. Query Stem targeting,
however, can also be used for other advertising objectives as
well, including driving traffic to particular landing page.
[0184] FIG. 10 depicts a web search page 1000 displaying
query suggestions 1006 for a query stem (e.g., the letter “g”),
search results 1010 responsive to one of the query suggestions
(e.g., query suggestion 1004), and advertisements 1022 and
1024 responsive to the query stem. Search results 1010 are
responsive to the query suggestion 1004 (i.e., the query “gon-
dola”), and are selected and shown as described above.
[0185] The advertisements are responsive to the query stem
“g.” In particular, the advertisers have submitted send bids for
word stems. Each word stem is one or more characters
ordered in a sequence and to which one or more characters
can be attached to the end of the sequence to form a word. For
example, the letter “g” is a word stem for gondola, Gmail,
games, and Gondwana, and other words. Although a query
stem of only one letter shown in FIG. 10, query stems can also
include two or more letters, e.g., a, aa, ab, etc.

[0186] The advertisers can review the query stems by use of
the user interface, and provide stem bids for query stems that
they desire to bid upon. Each stem bid is a bid for a corre-
sponding word stem and corresponding to a price an adver-
tiser pays for display of an advertisement targeted to the
corresponding word stem. Example pricing schemes are
described with respect to FIG. 11 below.

[0187] Typically, the targeting of a corresponding word
stem foreign advertisement is independent of keyword target-
ing. In other words, a bid for an advertisement is submitted
when a query stem is received, and the query stem need not
correspond to a key word on which the advertiser has bid.
[0188] The advertisement management system 130, in
response to receiving the query stem, identifies word stems
that match the query stem, and provide corresponding stem
bids of the matching word stems as bids to an advertisement
auction for advertisement slots for displaying advertisements.
For example, in FIG. 10, there are m advertisement slots
available in the area 1014, and there is one advertisement slot
available in the area 1012. Separate auctions can be con-
ducted for both areas, or, alternatively, a single auction can be
conducted for the slots in both areas.

[0189] Once the auctioning is complete, the advertisement
management system 130 receives elected advertisements that
are determined to have won an advertisement slot in the
auction, and provides the selected advertisements for display
in the advertisement slots on the client device.

[0190] The advertisement management system 130 can
implement processes to reduce the number of auction opera-
tions. For example, it may not be practical to run an auction
for each character that is input for query stem and which
results in a request for query suggestions. For example, the
user may type very quickly when inputting a complete query,
and thus it would be inefficient to conduct advertisement
auctions for each query input.

[0191] Thus, in some implementations, the advertisement
management system 130 receives the query stem only in
response to the search engine 110 (or the advertisement man-
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agement system 130) determining that a prediction criterion
is met. Accordingly, in these implementations, an advertise-
ment auction is only run when search results are provided in
response to a prediction criterion being met. In other imple-
mentations, the advertisement management system 130 pro-
vides the selected advertisements only in response to the
search engine (or the advertisement management system 130)
determining that a prediction criterion is met.

[0192] Although the advertisements shown in FIG. 10 are
described as having been provided in response to an auction
based on stem bids, advertisements can also be provided in
response to an auction based on keywords associated with a
selected query suggestion. For example, some of the adver-
tisements 1024 may have been selected based on stem bids for
the query stem “g”, and some of the advertisements may been
selected based on keyword bids associated with keywords for
the query suggestion “gondola.”

[0193] Insome implementations, advertisers can manually
select query stems and input bids for each query stem. For
example, the advertisement management system 130 can pro-
vide auser interface that shows the most frequent query stems
that occur, and frequency measures indicating the relative
frequency of occurrence of each query stem. An advertiser
can select various query stems and provide bids for each one.
[0194] In other implementations, the query stems and,
optionally, stem bids for the query stems can be determined
automatically from the keywords that an advertiser is cur-
rently bidding upon. For example, the advertisement manage-
ment system can receive keywords on which an advertiser has
bid. For each keyword, the advertisement management sys-
tem 130 selects one or more characters that form a stem of the
keywords and that do not include all of the characters of the
keywords. For example, assume an advertiser has bid on the
keyword “aardvark.” The advertisement management system
130 can select the query stems “a”, “aa”, and “aar.”

[0195] There are a variety of ways of the advertisement
management system 130 can determine which query stems to
select from the particular keyword. In some implementations,
the advertisement management system selects up to a maxi-
mum n-gram length of query stems. For example, if the adver-
tiser management system 130 is configured to select up to
quad-grams for query stems, then for the keyword aardvark,
the query stems a, aa, aar, and aard are selected.

[0196] In some implementations, the advertisement man-
agement system can also take into account the frequency the
query stems. For example, query stems that occur below a
threshold frequency can be precluded from automatic selec-
tion. Returning to the aardvark example, assume that the
query stems “aar’ and “aard” only occurred a frequency that
is below the threshold frequency. Accordingly, the advertise-
ment management system 130 does not select these to query
stems for automatic bidding. The advertiser may, however,
manually select these query stems.

[0197] To determine the stem bids for the automatically
selected query stems, the advertisement management system
identifies a keyword bid for the keyword from which the stem
was derived, and determines the stem bid based on the iden-
tified keyword bid. In some implementations, the stem bid is
proportional to the keyword bid. For example, a stem bid can
be apercentage of a corresponding keyword bid, e.g., 10%. In
other implementations, the stem bids can all be set to an initial
fixed price, and the advertiser can manually adjust the prices.
[0198] In some implementations, the advertiser is charged
an amount that is based on the stem bid when the advertise-
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ment is shown with the search results. However, a user may
frequently receive search results but may not otherwise view
the search results review the advertisements are provided with
the search results. For example, the user may be a slow typist.
Thus, an advertiser may not want to pay an auction cost for
every occurrence of an advertisement being shown with the
search results, as there may be many times that a user does not
view the advertisements.

[0199] Accordingly, in some implementations, the adver-
tisement management system 130 defines stem bids accord-
ing to a cost per unit time of display. Using stem bids that are
cost per unit time of display, the advertisement management
system 130 can charge advertisers based on the amount of
time that their advertisements were displayed.

[0200] In some implementations, the advertisement man-
agement system 130 receives data defining a duration that the
selected advertisements were displayed in the advertisement
slots on the client device after advertisements are provided to
the client device. The duration can be determined by instruc-
tions on the client device that are provided with the search
resource, e.g., a timer that starts when the advertisements are
rendered, and stops when new advertisements are received or
when the search results are removed from display. Alterna-
tively, the duration can be determined by the search engine
110 or the advertisement management system 130 based on
the time differential between previous advertisements being
sent and a set of current advertisements being sent. Other
ways determining the duration can also be implemented. For
each selected advertisement that was displayed, the advertise-
ment management system 130 determines an amount propor-
tional to the stem bid of the selected advertisement and the
duration, and charges each advertiser of a selected advertise-
ment the amount for the selected advertisement.

[0201] FIG. 11 is a graph 1100 of illustrating an amount
based on a relationship between a stem bid and a display
duration. The horizontal axis represents time, and the vertical
axis represents a cost incurred per unit time, e.g., the cost per
second. For example, assume time T0 is the time at which an
advertisement is rendered on the client device. At time T0, no
cost is incurred. As time continues, because can increase
according to a function defined relationship between the stem
bid in unit time. A variety of functions can be used. For
example, the function can be a first-degree polynomial func-
tion defining a relationship between the stem bid and unit
time, as indicated by the line 1104. Alternatively, the function
can be an n-degree polynomial function defining a relation-
ship between the stem bid and unit time, with n being greater
than 1, as indicated by the curves 1106 and 1108. Other
functions can also be used, e.g., a sigmoid function defining a
relationship between the stem bid and unit time.

[0202] In some implementations, the advertisement man-
agement system 130 can define a minimum display duration.
This minimum duration is greater than O seconds, and if an
advertisement is displayed only for less than the minimum
duration, then no charges are incurred. For example, assume
the time T0 is 100 ms, indicating that the advertisement has
been displayed for at least 100 ms. After 100 ms, charges are
incurred, as indicated by the amounts corresponding to the
function lines 1104, 1106 and 1108.

[0203] In some implementations, the advertisement man-
agement system 130 can find a maximum display duration.
The maximum display duration is the time after which no
additional charges are incurred for display the advertisement.
For example, assume T1 represents the maximum display
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duration, e.g., 5 seconds. As long as and advertisements dis-
played for a time less than the maximum display duration, the
amount charged to the advertiser continues to increase and
tell the maximum display duration is reached. Thereafter, the
amount is a maximum amount that does not increase further.
For example, the maximum amount CPI is reached at the time
T1. In some implementations, this maximum amount may
correspond to an amount that an advertiser is typically
charged for an impression. Other maximum amounts can also
be used.

[0204] In some implementations, the advertisements that
are provided with search results persist in the display even
after the corresponding search results are removed. In these
implementations, advertisements are provided for a query
stem can persist until the occurrence of another prediction
criterion being met. For example, assume that the user con-
tinues to provide query inputs into the input field of the user
interface shown in FIG. 10, typing the query stem “gar”. The
search results 1010 may disappeatr, is there no longer relevant
to the current query input; however, the advertisements may
persist until the occurrence of another prediction event. In the
event that advertisements have been provided for both query
stems and keywords, e.g., some of the advertisement shown in
FIG. 10 were provided for the query stem g, while other
advertisements were provided for keywords associated with
the word “gondola,” the advertisements based on the key-
words may disappear with the search results, but the adver-
tisements associated with the query stem “g” may persist.
This behavior can be implemented in instructions that are
provided with the search engine resource.

[0205] FIG. 12 is a flow diagram of a process 1200 for
selecting advertisements responsive to a query stem. The
process 1200 can be implemented in the advertisement man-
agement system 130.

[0206] The process 1200 defines word stems (1202). For
example, the advertisement management system defines
word stems, each of which are were more characters ordered
in the sequence into which one or more characters can be
attached to the end of the sequence to former word.

[0207] The process 1200 receive stem bids for the word
stems (1204). For example, the advertisement management
system receive stem bids from advertisers.

[0208] The process 1200 receives a query stem from a
client device (1206). For example, the advertisement man-
agement system receives a query stem is a query input of one
or more characters ordered in an input sequence that defines
the order in which the one or more characters were input as
the query input.

[0209] The process 1200 identifies word stems that match
the query stem (1208). For example, the advertisement man-
agement system 130 identifies only word stems that exactly
match the query stem received. In some implementations, the
advertisement management system can also identify word
stems for which the query stem constitutes a stem for the word
stem. For example, if the query stem “a” is received, the word
stems “a”, “aa,” and “ab” can be determined to match the
word stem.

[0210] The process 1200 provides a corresponding stem
bids of the matching word stems is bids to an advertisement
auction for advertisement slots for displaying advertisements
(1210). For example, the advertisement management system
130 can access the campaign data 132 to retrieve the stem bids
from advertisers that have been on the matching word stems.
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[0211] The process 1200 provides selected advertisements
that are determined to be have one an advertisement slots in
the auction (1212). For example, the advertisement manage-
ment system 130 selects advertisements for which the stem
bids resulted in the highest auction scores.

[0212] The process 1200 provides the selected advertise-
ments for display in the advertisement slots on the client
device (1214). For example, the advertisement management
system transmits the advertisements to the client device, and
the client device, in response to receiving the advertisements,
renders them with the search results.

§7.0 Search Result Selections and Impression Attribution

[0213] As described above, the search engine 110 stores
historical data in the form of click logs and query logs. The
search engine 110 can also store historical data indicating
when search results resulted in a user interaction. For
example, if search results are provided and displayed in
response to a prediction criterion, and then no additional
query suggestion requests or search commands are received,
the search engine 110 interprets this as a signal that the results
satisfy the user’s information needs to some degree. Accord-
ingly, a “valid prediction count” for each of the search results
shown can updated. The prediction count for each search
result can be compared to its overall “prediction count”, i.e.,
the number of times the search result was provided in
response to a prediction criterion being met, to determine a
valid prediction rate. As different search results are provided
for different suggestions, over time, highly relevant search
results will emerge as having high valid prediction rates.
Accordingly, the valid prediction rates can be used as a qual-
ity signal that is indicative of the quality of the underlying
resources referenced by the search results.

[0214] Inavariation ofthis implementation, a valid predic-
tion count for a search result is only counted if there is a
specific interaction with the search result. For example, a
valid prediction count is only counted when a “mouse over”
or selection of a search result is recorded.

[0215] In another implementation, the search engine 110
determines which resources referenced by search results are
often selected from query suggestions that stem from the
current query input. In response to the prediction criteria
being met, the resources with the highest resource metric
(e.g., the top N resources that are most often selected, or the
top N resources as ranked by a function of their selections,
their importance in a resource graph, and, optionally, other
metrics) are provided as search results for the query input.
The resource metrics of the resources are aggregated in such
a manner that selections of the resources can result in search
results referencing resources that would otherwise be respon-
sive to different query suggestions that stem from the current
query input.

[0216] The selections are illustrated in FIG. 13, which is a
block diagram 1300 illustrating the selection of resources for
a query input 1302 in response to a prediction criteria being
met and based on resource metrics R. For the query input “a”,
query suggestions for which the query input is a stem are
selected. For example, as shown in FIG. 13, the set of query
suggestions 1312-1316 are selected. In some implementa-
tions, all query suggestions that stem from the query input
1302 are selected. In other implementations, a subset of all
query suggestions that stem from the query input 1302 are
selected. The subset can be based on, for example, the query
suggestions that are most often selected by users, or query
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suggestions that most often result in user interactions (e.g.,
selections of search results), or query suggestions with the
highest confidence measures and or quality measures.
[0217] From the selected query suggestions, the search sys-
tem 110 identifies sets of resources that are referenced by
search results responsive to the query suggestions. For
example, the first set of resources 1322 are referenced by
search results responsive to the query suggestion 1312; the
second set of resources 1324 are referenced by search results
responsive to the query suggestion 1314; and the final set of
resources 1326 are referenced by search results responsive to
the query suggestion 1316. The sets of resources are not
exclusive sets, i.e., a particular resource can be included in
two sets, as indicated by the first resource in the set 1322 the
second resource in the set 1324 be shaded to indicate they are
the same resource.

[0218] The search system 110 then aggregates a quality
metric R for each of the referenced resources in each set of
resources. A variety of quality metrics can be used. For
example, the metric can be a count of the number of times a
particular resource was selected from the search results
belonging to the sets 1322-1326; or can be a selection rate that
is a ratio of the number of times particular resource was
selected from the search results belonging to the sets 1322-
1326 to the number of times the search results were presented;
or can be a value based on the a function of selections, impor-
tance in a resource graph, and, optionally, other metrics.
[0219] The search engine 110 identifies the resources with
the highest resource metric, and, in response to a prediction
criteria being met, provides search results referencing these
resources in response to the query input 1302. For example,
search results referencing the top N resources, as ranked by
their respective resource metrics, can be provided for the
query input 1302. Alternatively, a subset of the search results
provided can reference the top one or two resources as deter-
mined by the resource metric R, and the remaining search
results provided can be for a top ranked query suggestion.
[0220] Similar processes can be used for advertisements
that are provided with search results. For example, if no
additional query suggestion requests follow the display of the
search results, and no additional search commands are
received, then an impression for each advertisement that is
shown with the search results is counted.

[0221] With both attribution models above, if there is a user
interaction responsive to the search results or an advertise-
ment (e.g., a selection of a search result or an advertisement),
corresponding impressions and the click-through are
recorded.

[0222] In some implementations, when the client updates
the search results presented in the search interface 502 after
receiving new search results, the advertisements remain if
they are still determined to be relevant to the query suggestion
for which the search results are provided. For example, the
search engine 110 may be in data communication with the
advertisement management system 130. For each query sug-
gestion and search result set, the search system/advertisement
management system determines whether the advertisements
that were previously provided are relevant to the search
results current being provided. If so, the advertisements that
arerelevant remain displayed. The advertisements that are not
relevant can be removed, and the available advertisement
slots that result can be separately auctioned for new, relevant
advertisements.

8.0 Additional Implementation Details

[0223] Embodiments of the subject matter and the func-
tional operations described in this specification can be imple-
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mented in digital electronic circuitry, or in computer soft-
ware, firmware, or hardware, including the structures
disclosed in this specification and their structural equivalents,
or in combinations of one or more of them. Embodiments of
the subject matter described in this specification can be
implemented as one or more computer program products, i.e.,
one or more modules of computer program instructions
encoded on a tangible program carrier for execution by, or to
control the operation of, data processing apparatus. The tan-
gible program carrier can be computer-readable medium,
such as a machine-readable storage device, a machine-read-
able storage substrate, a memory device, or a combination of
one or more of them.

[0224] The term “data processing apparatus” encompasses
all apparatus, devices, and machines for processing data,
including by way of example a programmable processor, a
computer, or multiple processors or computers. The appara-
tus can include, in addition to hardware, code that creates an
execution environment for the computer program in question,
e.g., code that constitutes processor firmware, a protocol
stack, a database management system, an operating system,
or a combination of one or more of them.

[0225] A computer program (also known as a program,
software, software application, script, or code) can be written
in any form of programming language, including compiled or
interpreted languages, or declarative or procedural lan-
guages, and it can be deployed in any form, including as a
stand-alone program or as a module, component, subroutine,
or other unit suitable for use in a computing environment. A
computer program does not necessarily correspond to a file in
afile system. A program can be stored in a portion of a file that
holds other programs or data (e.g., one or more scripts stored
in a markup language document), in a single file dedicated to
the program in question, or in multiple coordinated files (e.g.,
files that store one or more modules, sub-programs, or por-
tions of code). A computer program can be deployed to be
executed on one computer or on multiple computers that are
located at one site or distributed across multiple sites and
interconnected by a communication network.

[0226] The processes and logic flows described in this
specification can be performed by one or more programmable
processors executing one or more computer programs to per-
form functions by operating on input data and generating
output. The processes and logic flows can also be performed
by, and apparatus can also be implemented as, special purpose
logic circuitry, e.g., an FPGA (field programmable gate array)
or an ASIC (application-specific integrated circuit).

[0227] Processors suitable for the execution of a computer
program include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read-only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing instructions and one
or more memory devices for storing instructions and data.
Generally, a computer will also include, or be operatively
coupled to receive data from or transfer data to, or both, one
or more mass storage devices for storing data, e.g., magnetic,
magneto-optical disks, or optical disks. However, a computer
need not have such devices. Moreover, a computer can be
embedded in another device, e.g., a mobile telephone, a per-
sonal digital assistant (PDA), a mobile audio or video player,
a game console, a Global Positioning System (GPS) receiver,
to name just a few.
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[0228] Computer-readable media suitable for storing com-
puter program instructions and data include all forms of non-
volatile memory, media and memory devices, including by
way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., internal hard disks or removable disks; magneto-
optical disks; and CD-ROM and DVD-ROM disks. The pro-
cessor and the memory can be supplemented by, or incorpo-
rated in, special purpose logic circuitry.

[0229] To provide for interaction with a user, embodiments
of the subject matter described in this specification can be
implemented on a computer having a display device, e.g., a
CRT (cathode ray tube) or LCD (liquid crystal display) moni-
tor, for displaying information to the user and a keyboard and
a pointing device, e.g., a mouse or a trackball, by which the
user can provide input to the computer. Other kinds of devices
can be used to provide for interaction with a user as well; for
example, feedback provided to the user can be any form of
sensory feedback, e.g., visual feedback, auditory feedback, or
tactile feedback; and input from the user can be received in
any form, including acoustic, speech, or tactile input.

[0230] Embodiments of the subject matter described in this
specification can be implemented in a computing system that
includes a back-end component, e.g., as a data server, or that
includes a middleware component, e.g., an application server,
or that includes a front-end component, e.g., a client com-
puter having a graphical user interface or a Web browser
through which a user can interact with an implementation of
the subject matter described in this specification, or any com-
bination of one or more such back-end, middleware, or front-
end components. The components of the system can be inter-
connected by any form or medium of digital data
communication, e.g., a communication network. Examples
of communication networks include a local area network
(“LAN”) and a wide area network (“WAN™), e.g., the Inter-
net.

[0231] The computing system can include clients and serv-
ers. A client and server are generally remote from each other
and typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

[0232] While this specification contains many specific
implementation details, these should notbe construed as limi-
tations on the scope of any invention or of what may be
claimed, but rather as descriptions of features that may be
specific to particular embodiments of particular inventions.
Certain features that are described in this specification in the
context of separate embodiments can also be implemented in
combination in a single embodiment. Conversely, various
features that are described in the context of a single embodi-
ment can also be implemented in multiple embodiments sepa-
rately or in any suitable subcombination. Moreover, although
features may be described above as acting in certain combi-
nations and even initially claimed as such, one or more fea-
tures from a claimed combination can in some cases be
excised from the combination, and the claimed combination
may be directed to a subcombination or variation of a sub-
combination.
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What is claimed is:

1. A computer-implemented method, comprising:

defining word stems, each word stem being one or more

characters ordered in a sequence and to which one or
more characters can be attached to the end of the
sequence to form a word;

receiving stem bids for the words stems, each stem bid

being a bid for a corresponding word stem and corre-
sponding to a price an advertiser pays for display of an
advertisement targeted to the corresponding word stem,
and wherein the targeting to the corresponding word
stem is independent of keyword targeting;

receiving a query stem from a client device, the query stem

being a query input from a client device and being one or
more characters ordered in an input sequence that
defines an order in which the one or more characters
were input as the query input;

in response to receiving the query stem:

identifying word stems that match the query stem;

providing the corresponding stem bids of the matching
word stems as bids to an advertisement auction for
advertisement slots for displaying advertisements;

receiving selected advertisements that are determined to
have won an advertisement slot in the auction; and

providing the selected advertisements for display in the
advertisement slots on the client device.

2. The method of claim 1, wherein receiving a query stem
comprises receiving the query stem only in response to deter-
mining that a prediction criterion is met, the prediction crite-
rion being independent of a user selection of a query sugges-
tion provided in response to the query stem and independent
of receiving a completed query from the client device.

3. The method of claim 1, wherein providing the selected
advertisements for display in the advertisement slots on the
client device comprises providing the selected advertise-
ments only in response to determining that a prediction cri-
terion is met, the prediction criterion being independent of a
user selection of a query suggestion provided in response to
the query stem and independent of receiving a completed
query from the client device.

4. The method of claim 1, wherein:

each stem bid defines cost per unit time of display; and

further comprising:

receiving data defining a duration that the selected
advertisements were displayed in the advertisement
slots on the client device;

for each selected advertisement, determining an amount
proportional to the stem bid of the selected advertise-
ment and the duration; and

charging each advertiser of a selected advertisement the

amount for the selected advertisement.

5. The method of claim 4, wherein determining an amount
proportional to the stem bid of the selected advertisement and
the duration comprises:

determining if the duration exceeds a minimum duration

that is greater than zero;

determining the amount to be zero if the duration does not

exceed the minimum duration; and

determining the amount to be proportional to the stem bid

of the selected advertisement and the duration if the
duration does exceed the minimum duration.

6. The method of claim 4, wherein determining an amount
proportional to the stem bid of the selected advertisement and
the duration comprises:
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determining if the duration exceeds a maximum duration;
determining the amount to be proportional to the stem bid of
the selected advertisement and the duration if the duration
does exceed the maximum duration; and

determining the amount to be a maximum amount if the

duration does exceed the maximum duration.

7. The method of claim 4, wherein determining an amount
proportional to the stem bid of the selected advertisement and
the duration comprises determining an amount based on a
first-degree polynomial function defining a relationship
between the stem bid and unit time.

8. The method of claim 4, wherein determining an amount
proportional to the stem bid of the selected advertisement and
the duration comprises determining an amount based on an
n-degree polynomial function defining a relationship
between the stem bid and unit time, wherein n is greater than
one.

9. The method of claim 4, wherein determining an amount
proportional to the stem bid of the selected advertisement and
the duration comprises determining an amount based on a
sigmoid function defining a relationship between the stem bid
and unit time.

10. The method of claim 1, wherein defining word stems
comprises, for each of a plurality of advertisers:

receiving keywords on which the advertiser has bid; and
for each keyword, selecting one or more characters that form
a stem of the keywords and that do not include all of the
characters of the keywords.

11. The method of claim 10, wherein receiving stem bids
for the words stems comprises:

for each word stem, identifying a keyword bid for the

keyword from which the word stem was derived; and
determining the stem bid based on the identified keyword
bid, the stem bid being proportional to the keyword bid.

12. A computer-implemented method, comprising:

defining word stems, each word stem being one or more
characters ordered in a sequence and to which one or
more characters can be attached to the end of the
sequence to form a word;

receiving stem bids for the words stems, each stem bid
being a bid for a corresponding word stem and corre-
sponding to a price an advertiser pays for display of an
advertisement targeted to the corresponding word stem;

receiving a query stem from a client device, the query stem
being a query input from a client device and being one or
more characters ordered in an input sequence that
defines an order in which the one or more characters
were input as the query input, and each query stem is
received independent of a user selection of a query sug-
gestion provided in response to the query stem and inde-
pendent of receiving a completed query from the client
device:

in response to receiving the query stem:
identifying word stems that match the query stem;
providing the corresponding stem bids of the matching
word stems as bids to an advertisement auction for
advertisement slots for displaying advertisements;
receiving selected advertisements that are determined to
have won an advertisement slot in the auction; and
providing the selected advertisements for display in the
advertisement slots on the client device.
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13. A system, comprising:

a data processing apparatus; and

a computer storage medium encoded with a computer pro-

gram, the program comprising data processing appara-
tus instructions that when executed by the data process-
ing apparatus cause the data processing apparatus to
perform operations comprising:

receiving stem bids for the words stems, each stem bid

being a bid for a corresponding word stem and corre-
sponding to a price an advertiser pays for display of an
advertisement targeted to the corresponding word stem,
and wherein the targeting to the corresponding word
stem is independent of keyword targeting;

receiving a query stem from a client device, the query stem

being a query input from a client device and being one or
more characters ordered in an input sequence that
defines an order in which the one or more characters
were input as the query input:

in response to receiving the query stem:

identifying word stems that match the query stem;

providing the corresponding stem bids of the matching
word stems as bids to an advertisement auction for
advertisement slots for displaying advertisements;

receiving selected advertisements that are determined to
have won an advertisement slot in the auction; and

providing the selected advertisements for display in the
advertisement slots on the client device.

14. The system of claim 13, wherein receiving a query stem
comprises receiving the query stem only in response to deter-
mining that a prediction criterion is met, the prediction crite-
rion being independent of a user selection of a query sugges-
tion provided in response to the query stem and independent
of receiving a completed query from the client device.

15. The system of claim 13, wherein providing the selected
advertisements for display in the advertisement slots on the
client device comprises providing the selected advertise-
ments only in response to determining that a prediction cri-
terion is met, the prediction criterion being independent of a
user selection of a query suggestion provided in response to
the query stem and independent of receiving a completed
query from the client device.

16. The system of claim 13, wherein:

each stem bid defines cost per unit time of display; and

the data processing apparatus instructions cause the data

processing apparatus to perform operations further com-

prising:

receiving data defining a duration that the selected
advertisements were displayed in the advertisement
slots on the client device;

for each selected advertisement, determining an amount
proportional to the stem bid of the selected advertise-
ment and the duration; and

charging each advertiser of a selected advertisement the

amount for the selected advertisement.

17. The system of claim 16, wherein determining an
amount proportional to the stem bid of the selected advertise-
ment and the duration comprises:

determining if the duration exceeds a minimum duration

that is greater than zero;
determining the amount to be zero if the duration does not
exceed the minimum duration; and

determining the amount to be proportional to the stem bid

of the selected advertisement and the duration if the
duration does exceed the minimum duration.
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18. The system of claim 16, wherein determining an
amount proportional to the stem bid of the selected advertise-
ment and the duration comprises:

determining if the duration exceeds a maximum duration;
determining the amount to be proportional to the stem bid of
the selected advertisement and the duration if the duration
does exceed the maximum duration; and

determining the amount to be a maximum amount if the

duration does exceed the maximum duration.

19. The system of claim 16, wherein determining an
amount proportional to the stem bid of the selected advertise-
ment and the duration comprises determining an amount
based on a first-degree polynomial function defining a rela-
tionship between the stem bid and unit time.

20. The system of claim 16, wherein determining an
amount proportional to the stem bid of the selected advertise-
ment and the duration comprises determining an amount
based on an n-degree polynomial function defining a relation-
ship between the stem bid and unit time, wherein n is greater
than one.

21. The system of claim 16, wherein determining an
amount proportional to the stem bid of the selected advertise-
ment and the duration comprises determining an amount
based on a sigmoid function defining a relationship between
the stem bid and unit time.

22. The system of claim 13, wherein defining word stems
comprises, for each of a plurality of advertisers:

receiving keywords on which the advertiser has bid; and
for each keyword, selecting one or more characters that form
a stem of the keywords and that do not include all of the
characters of the keywords.

23. The system of claim 22, wherein receiving stem bids
for the words stems comprises:

for each word stem, identifying a keyword bid for the

keyword from which the word stem was derived; and
determining the stem bid based on the identified keyword
bid, the stem bid being proportional to the keyword bid.

24. A non-transitory computer memory storage apparatus
storing software data processing apparatus instructions that
when executed by a data processing apparatus cause the data
processing apparatus to perform operations comprising:

receiving stem bids for the words stems, each stem bid

being a bid for a corresponding word stem and corre-
sponding to a price an advertiser pays for display of an
advertisement targeted to the corresponding word stem,
and wherein the targeting to the corresponding word
stem is independent of keyword targeting;

receiving a query stem from a client device, the query stem

being a query input from a client device and being one or
more characters ordered in an input sequence that
defines an order in which the one or more characters
were input as the query input:

in response to receiving the query stem:

identifying word stems that match the query stem;

providing the corresponding stem bids of the matching
word stems as bids to an advertisement auction for
advertisement slots for displaying advertisements;

receiving selected advertisements that are determined to
have won an advertisement slot in the auction; and

providing the selected advertisements for display in the
advertisement slots on the client device.
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