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(57) ABSTRACT 

Methods, systems, and apparatus, including computer pro 
gram products, for processing search query suggestions. In 
one aspect, a search service provides query suggestions 
responsive to a query suggestion request from a client device, 
and determines if a prediction criterion is met. The prediction 
criterion is independent of a user selection of a query sugges 
tion provided in response to one or more query suggestion 
requests. In response to determining that the prediction crite 
rion is met, the search system provides search results to the 
client device. The search results are responsive to one of the 
query suggestions provided in response to the query sugges 
tion request or one or more previous query suggestion 
requests. 
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PREDICTIVE QUERY COMPLETION AND 
PREDICTIVE SEARCH RESULTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of and claims 
priority to US. patent application Ser. No. 13/213,904, ?led 
on Aug. 19, 2011, which claims priority under 35 USC §119 
(e) to US. Patent Application Ser. No. 61/375,222, ?led on 
Aug. 19, 2010, the entire contents of which are hereby incor 
porated by reference. 

BACKGROUND 

[0002] This speci?cation describes technologies relating to 
search query suggestions and search results. 

[0003] The Internet provides access to a wide variety of 
resources, for example, video ?les, image ?les, audio ?les, 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] 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 re?ne a search or re?ne 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 pre?xes that match the entered 
characters. Once received, the client device displays these 
suggestions for user selection. 

[0005] Such query suggestion systems work fairly well and 
enrich the user experience. However, these systems still 
require multiple inputs from users. For example, a user must 
select one of the suggestions by means of a keyboard input, 
mouse click, or some other input. The user may also need to 
provide an additional input to cause the selected query to be 
sent to the search system, such a pressing a return key. 

[0006] Once the query is processed by the search system, 
the search system returns search results responsive to the 
query. However, if the search results do not satisfy the user’s 
informational need, the user must begin entering a new query. 

[0007] Some search systems also provide predicted search 
results with query suggestions. Many query suggestions, 
however, are not selected by a user. As a result, the user may 
receive many search results that do not satisfy the user’s 
information need. Additionally, the bandwidth requirements 
to send search results are more than the requirements for 
sending suggestions. As a result, the search system utilizes 
excessive bandwidth. 
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SUMMARY 

[0008] This speci?cation describes technologies relating to 
providing search query suggestions and search results related 
to the search query suggestions. 

[0009] In general, one aspect of the subject matter 
described in this speci?cation can be embodied in methods 
that include the actions of receiving from a client device a 
request for a search resource; providing to the client device in 
response to the request for the search resource, the search 
resource including interface instructions that cause the client 
device to generate a search interface that includes a query 
input ?eld; receiving query suggestion requests from a client 
device, each query suggestion request having been generated 
in response to a query input in the query input ?eld; in 
response to each query suggestion request: providing query 
suggestions responsive to the request, determining if a pre 
diction criterion is met, the prediction criterion being inde 
pendent of a user selection of a query suggestion provided in 
response to one or more query suggestion requests and inde 
pendent of receiving a completed query from the client 
device; in response to determining that the prediction crite 
rion is met, providing search results to the client device, the 
search results being responsive to one of the query sugges 
tions provided in response to the query suggestion request or 
one or more previous query suggestion requests; and in 
response to determining that the prediction criterion is not 
met, not providing the search results to the client device. 
Other embodiments of this aspect include corresponding sys 
tems, apparatus, and computer program products. 
[0010] Particular embodiments of the subject matter 
described in this speci?cation can be implemented so as to 
realize one or more of the following advantages. In the 
absences of a user selection of a search query suggestion or 
sending a search request for a completed query, search results 
are shown only if a prediction criterion is met. This selective 
display of search results realizes a user experience that does 
not overwhelm the user with different search results being 
displayed with each keystroke. The selective display of 
search results reduces the likelihood of “search result” blind 
ness that may occur if search results are displayed without any 
predictive criterion, and also reduces the likelihood of inad 
vertent “topic drift” that may otherwise occur in the presence 
of different search results being displayed with each key 
stroke. 

[0011] The search results can be displayed by use of “fade 
in” and “fade-out” techniques, or other transitional tech 
niques, which result in smooth transitions within the user 
interface that are less distracting than abrupt changes that may 
otherwise occur. 

[0012] The search query suggestions can be re-ordered 
from an organic order into stemmed groups that closely match 
typing inputs, which provide a visual indication of search 
queries that are closely related to the search results that are 
shown in the event a prediction criterion is met. 

[0013] Each of the advantages above is optional and can be 
achieved separately or in combination. 

[0014] The details of one or more embodiments of the 
subject matter described in this speci?cation 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. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a block diagram of an example environ 
ment in which a search engine provides search services. 
[0016] FIG. 2 is a timing diagram ofan example process for 
determining if a timer expires and search results should be 
provided to a client. 
[0017] FIG. 3 is a timing diagram of an example process in 
which a con?rmation of a query suggestion results in a pre 
diction criterion being met. 
[0018] FIG. 4 is a timing diagram of a process for monitor 
ing multiple timers. 
[0019] FIGS. 5A-5I depict a web search page displaying 
query suggestions and search results responsive one of the 
query suggestions. 
[0020] FIG. 6 is a ?ow diagram ofa process for providing 
search results responsive to a query suggestion to a client 
device. 
[0021] FIG. 7 is a ?ow diagram ofa process for determining 
if a prediction criterion is met. 
[0022] FIG. 8 is a ?ow diagram of a process for indicating 
a query suggestion for which search results are responsive. 
[0023] FIG. 9 is a ?ow diagram ofa process for displaying 
second search results responsive to a second query sugges 
tion. 
[0024] 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. 
[0025] FIG. 11 is a graph of illustrating an amount based on 
a relationship between a stem bid and a display duration. 
[0026] FIG. 12 is a ?ow diagram ofa process for selecting 
advertisements responsive to a query stem. 
[0027] 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. 
[0028] Like reference numbers and designations in the 
various drawings indicate like elements. 

DETAILED DESCRIPTION 

§l .0 Overview 

[0029] This speci?cation 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). 
[0030] 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 
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tively, detection of a language boundary (e.g., a syllable, a 
word, or a bi-gram) can cause a prediction criterion to be met. 
[0031] 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. 

§l.l Example Environment 

[0032] 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. 
[0033] 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. 
[0034] 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). 
[0035] 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. 

[0036] To facilitate searching of these resources 105, the 
search engine 110 identi?es 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. 
[0037] 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 identi?er that identi?es the client 
device 106 that submits the request. The unique identi?er can 
be data from a cookie stored at the client device, or a user 
account identi?er if the user maintains an account with the 
search engine 110, or some other identi?er that identi?es the 
client device 106 or the user using the client device. 
[0038] In response 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 identi?es the 
resources in the form of search results 111 and returns the 
search results to the client devices 106 in search results page 
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resource. A search result is data generated by the search 
engine 110 that identi?es a resource that satis?es 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. 
[0039] The search results are ranked based on scores 
related to the resources identi?ed 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. 
[0040] 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 identi?ed 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. 
[0041] In some implementations, 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 de?ne search history data 117 that 
include data from and related to previous search requests 
associated with unique identi?ers. The click logs de?ne 
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 identi?ed in search results and the actions 
taken by users (i.e., that data are associated with the identi? 
ers from the search requests so that a search history for each 
identi?er 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. 

[0042] 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 de?ne 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. 

[0043] 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 identi?er and, optionally, key 
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word identi?ers 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. 
[0044] 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 canbe 
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. 
[0045] 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 
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. 
[0046] 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 

speci?ed in the performance data 134. 

§l.2 Ouery Suggestions 

[0047] In addition 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 
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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 identi?er 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 ?ltered according to the 
particular search history data 117 associated with the unique 
identi?er. 
[0048] 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 ?eld 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 ?eld 
122. 
[0049] The query input ?eld 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 identi?es 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 
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. 
[0050] 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. 
[0051] The client device receives the query suggestions 113 
and renders the ?rst query suggestions according to an order. 
The ?rst 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 
?rst query suggestions in the query suggestion box 12411 in 
the search interface 120. The query suggestions can be pre 
sented in the query suggestion box 124a such that the ?rst 
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 

[0052] 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 ?rst query suggestions, and 
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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. 
[0053] 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 prede?ned time period and no addi 
tional query suggestion requests are received during the pre 
de?ned time period. For example, the search engine 110 can 
receive the ?rst 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. 
[0054] 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 
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., ?ve 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. 
[0055] In some implementations, 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 ?rst, 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 ?ve 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. 

[0056] 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 ?rst query suggestion request. 
The language boundary can be a syllable, a word, or a bi 
gram, to name a few examples. 

[0057] The providing and displaying of search results in 
response to prediction criteria being met is illustrated in FIG. 
1 in the four time-sequenced representations 120-1-120-4 of 
the search resource 120. In the representation 120-1, the user 
































