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USING RESOURCE LOAD TIMES IN
RANKING SEARCH RESULTS

BACKGROUND

This specification relates to search systems.

The Internet provides access to a wide variety of resources,
examples of which include video or audio files, web pages for
particular subjects, book articles, and news articles. A search
engine can 1dentily resources in response to a user query that
includes one or more search terms or phrases. The search
engine ranks the resources based on their relevance to the
query and importance and provides search results that link to
the 1dentified resources.

The resources referred to by the search results may take
different amounts of time to load 1n users’” web browsers. For
example, for any particular resource, the size of the resource,
the number of 1images the resource includes or references, the
web server that serves the resource, and the particular net-
work connection can impact the amount of time the resource
takes to load 1n a user’s web browser. Given two resources
that are of similar relevance to a search query, a typical user
may prefer to visit the resource having the shorter load time.

SUMMARY

This specification describes technologies relating to using
resource load times in ranking search results.

In general, one nnovative aspect of the subject matter
described 1n this specification can be embodied 1n methods
that include the actions of receiving a search query from a
particular user device; receiving, for each of a plurality of
resources responsive to the search query, a respective first
score; accessing load time data that specifies, for each of the
plurality of resources, a load time measure for the resource;
and adjusting the first score for each of the plurality of
resources based on the load time measure for the resource to
generate a second score for each of the plurality of resources.
Other embodiments of this aspect include corresponding sys-
tems, apparatus, and computer programs, configured to per-
form the actions of the methods, encoded on computer stor-
age devices.

These and other embodiments can each optionally include
one or more of the following features. Providing search
results to the particular user device, each search result corre-
sponding to one of the resources, for presentation in an order
according to the second scores of the resources corresponding
to the search results. Making further adjustments to the sec-
ond scores before providing the search results to the particular
user device. For each resource, the load time measure for the
resource comprises a statistical measure of a sample of load
times for the resource obtained from a plurality of user
devices. The statistical measure 1s a central tendency of the
sample.

Each of the plurality of user devices shares at least one
attribute with the particular user device and wherein the at
least one shared attribute comprises a location of the particu-
lar user device. The location of the particular user device 1s a
country from which the search query originates. Each of the
plurality of user devices shares at least one attribute with the
particular user device and wherein the at least one shared
attribute comprises an agent type of the particular user device.

Identifying one or more of the plurality of user devices that
share at least one attribute with the particular user device,
where the at least one shared attribute comprises an agent type
of the particular user device or alocation of the particular user
device. Computing a new load time measure using only load
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times from the 1dentified one or more user devices. Adjusting
the first score for each of the plurality of resources comprises
for each of the resources, computing a multiplier factor for the
resource based on the load time measure for the resource; and,
for each of the resources, modifying the first score of the
resource by the multiplier factor to generate the second score.

Computing the multiplier factor for a particular resource
comprises determining whether the load time measure for a
particular resource exceeds a first threshold value; and 11 the
load time measure for the particular resource exceeds the first
threshold value, setting the multiplier factor for the particular
resource to a first value. Computing the multiplier factor for a
particular resource further comprises 1i the load time measure
tfor the particular resource does not exceed the first threshold
value, determining whether the load time measure for the
particular resource exceeds a second threshold value; and 1t
the load time measure for the particular resource exceeds the
second threshold value, setting the multiplier factor for the
particular resource to a second value.

In general, another aspect of the subject matter described 1n
this specification can be embodied 1n methods that include the
actions of collecting load time data from each of a plurality of
user devices and each of a plurality of resources, the load time
data specitying, for each of the user devices and for each of
the plurality of resources, a time the resource took to load on
the user device, and, for each resource, aggregating the load
time data for the resource to generate a load time measure for
the resource, the load time measure being a statistical mea-
sure of the time the resource took to load on the plurality of
user devices. Other embodiments of this aspect include cor-
responding systems, apparatus, and computer programs, con-
figured to perform the actions of the methods, encoded on
computer storage devices.

These and other embodiments can each optionally include
one or more of the following features. The load time data for
the user devices 1s collected from one or more of a web
browser, a web browser add-on, or monitoring software asso-
ciated with the particular user device. The load time measure
1s a central tendency of load times from the plurality of user
devices. The operations further comprising identifying one or
more of the plurality of user devices having a specific
attribute, the one or more of the plurality of user devices being
less than all of the plurality of user devices; and generating a
new load time measure for each of the resources, the load time
measure being generated using only load time data from the
one or more identified user devices. The specific attribute 1s
an agent type. The specific attribute 1s a location of the user
device. The operations turther comprising providing the load
time measure for each resource to a search engine.

Particular embodiments of the subject matter described 1n
this specification can be implemented so as to realize one or
more of the following advantages. A search result for a
resource having a short load time relative to resources having,
longer load times can be promoted 1n a presentation order, and
search results for the resources having longer load times can
be demoted. The demotion can, 1n some situations, result in a
search result for a resource having a short load time being
presented earlier 1n the order than a search result for a simi-
larly-relevant resource having a longer load time. Thus, for
two resources that, apart from load times, appear to equally
satisly a user’s informational needs, the user will often select
the resource that will likely load the most quickly of the two,
resulting in a better user experience.

The details of one or more embodiments of the subject
matter described 1n this specification are set forth in the
accompanying drawings and the description below. Other
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features, aspects, and advantages of the subject matter will
become apparent from the description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an example environment in
which a load time data system can be used.

FIG. 2 1s a block diagram 1llustrating a process flow of a
search results adjusting engine.

FIG. 3 1s a flow diagram of an example process for gener-
ating a load time measure for a particular resource.

FI1G. 4 1s a flow diagram of an example process for adjust-
ing an order of search results based on resource load times.

FIG. 5 1s a tlow diagram of an example process for adjust-
ing an initial score of a resource based on the load time
measure for the resource.

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

DETAILED DESCRIPTION

FIG. 1 1s a block diagram of an example environment 100
in which a load time data system 120 can be used. A computer
network 102, e.g., a local area network (LAN), wide area
network (WAN), the Internet, or a combination thereof, con-
nects web sites 104, user devices 106, and a search engine
110. The environment 100 may include many thousands web
sites 104 and user devices 106.

A user device 106 1s an electronic device that 1s under
control of a user and 1s capable of requesting and receiving
resources over the network 102. Example user devices 106
include personal computers, mobile communication devices,
and other devices that can send and receive data over the
network 102. A user device 106 typically includes a user
application, €.g., a web agent (browser) or other communica-
tion software, to facilitate the sending and receiving of data
over the network 102.

A web site 104 1s one or more resources 103 associated
with a domain name, and one or more servers host each web
site. Respective publishers and/or advertisers, 1.e., entities
that manage and/or own the web sites 104, maintain the web
sites 104.

A resource 105 1s any data that can be provided by the web
site 104 over the network 102 and that 1s associated with a
resource address. Resources include HITML pages, word pro-
cessing documents, portable document format (PDF) docu-
ments, images, video, and feed sources, to name just a few.
The resources can 1nclude 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).

To facilitate searching of these resources, the search engine
110 crawls the web sites 104 and indexes the resources 105
that the web sites 104 host. The indexed and, optionally,
cached copies of the resources are stored 1n a resource index
112.

The user devices 106 submit search queries 109 (Q1, Q2 .
.. Qn)tothe search engine 110. In response, the search engine
110 uses the resource index 112 to 1dentily resources that are
relevant to the queries. The search engine 110 1dentifies the
resources 1n the form of search results 111 and returns the
search results 111 to the user devices 106 1n search results
pages ({S1}, {S2} ... {Sn}).

A search result 111 1s 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
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example search result 111 can include a web page title, a
smppet of text extracted from the web page, and the URL of
the web page. The search results are ranked (1.e., placed 1n an
order) according to respective scores determined for each of
the resources 1dentified by the search results. The scores
generally relate to both the quality and the relevance of the
corresponding resource. The search results 109 are provided
to the user device according to the ranking.

The user 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 user device 106, the user
device 106 requests the resource identified by the resource
locator 1included 1n the selected search result. The web site
104 hosting the resource recerves the request for the resource
from the user device 106 and provides the resource to the
requesting user device 106.

In some implementations, the load time of each particular
resource 1s an additional signal that the search engine 110
uses when evaluating a resource for a search query. As used
herein, the term “load time” refers to the time that elapses
between an 1nitial request for a resource and at least the time
that data to completely render the resource 1s provided to a
device that requested the resource. The load time can vary,
depending on the particular metrics used. For example, the
time that elapses between the time that a user device 106
requests a resource and the time that the resource 1s presented
in a web browser on the user device can be defined as the load
time. Alternatively, the time that elapses between the time that
a web server 104 hosting a resource recerves a request for the
resource and the time that that the resource 1s presented 1n a
web browser on the user device can be defined as the load
time.

The load time can vary depending on one or more of the
user device 106, the resource 105 that 1s being requested, the
web server 104 that 1s serving the resource, and the network
connections. In particular, the load time for a resource may
depend on the amount of content included in the resource
(e.g., the number of 1mages or embedded instructions
included in the resource), the web server(s) hosting the
resource, the current network connectivity of the user device
requesting the resource, etc. For example, a resource that
includes multiple embedded videos may have a longer load
time than a resource that does not include any 1mages or
embedded videos. Furthermore, a resource hosted by a web
server 1n France may load faster on a user device 1n France
than on a user device 1n the United States.

The search engine 110 can use data that specifies the load
times for resources in various search-related operations. One
example operation 1s reordering search results from a {first
order to a second order. For example, if two search results are
adjacent to each other in the first order (e.g., their respective
underlying resources are 1nitially scored such that the search
results are adjacent 1n an order), and the resource referenced
by the second search result has a significantly shorter load
time relative to the resource referenced by the first search
result, the search engine 110 will adjust the search results to
a second order so that the second search result 1s before the
first search result 1n the order. This can improve the user
experience, as 1t 1s likely that a user would prefer to access the
resource that loads with the least amount of delay.

The search engine 110 1ncludes, or 1s in data communica-
tion with, a load time data system 120 that collects and aggre-
gates data about the load times of resources 1035 on user
devices 106 over the network 102. In some implementations,
in order to protect user privacy, the load time data 1s anony-
mized to remove any user-identitying information so that the
resources provided to user devices and their load times on the
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user devices cannot be associated with a particular user or
user 1dentifier. In some 1implementations, the load time data
system 120 includes a load time data collector 122 and a load
time data aggregator 124. The partitioning of the functional-
ity of load time data system 120 between the load time data
collector 122 and the load time data aggregator 124 1s 1llus-
trative only. Additional partitioning of the functions
described below can be implemented, or, alternatively, the
load time data system 120 can be a single software engine that
performs all the functions described below.

In some implementations, the load time data collector 122
receives load time data from user devices 106 over the net-
work 102. For example, for each resource accessed by user
device 106 using a web browser, the web browser can deter-
mine the time the resource took to load on the user device. The
web browser canthen send the load time data to load time data
system 120, where 1t 1s collected by the load time data col-
lector 122. Alternatively, a browser add-on can observe the
time a resource takes to load 1n the web browser and send 1t to
load time data system 120. This browser add-on can be a
browser toolbar that adds additional functionality to the
browser 1nterface. In some implementations, the browser or
add-on will monitor load times and send them to the load time
data system 120 only 1f the user opts-in (1.e, agrees to report
their load times). In some 1mplementations, network moni-
toring software associated with a user device 106 monitors
communications between the user device 106 and the net-
work 102. The network monitoring software may be installed
on user device 106 or on another device in the network 102.
As part of monitoring network tratfic, the network monitoring
software can record load times for resources on the user
device 106 and send the recorded load times to the load time
data collector 122. In some implementations, the user devices
106 store the load time data 1n a local store and send the stored
data to the load time data system 120 at pre-determined inter-
vals. Alternatively, the user devices 106 may send the load
time data to the load time data system 120 immediately after
a resource has finished loading on the user device. The col-
lector 122 receirves load time data from user devices 106 over
the network 102.

For each resource 105, the load time data collector 122
receives load time data for the resource from multiple user
devices 106. In some implementations, because the load time
1s dependent on user device-specific factors like the agent
used to request and display the resource and the network
connectivity of the user device, the load time data collector
122 also derives or recerves data identifying attributes of each
user device providing load time data. The 1dentified attributes
can include the agent type (e.g., web browser version) and the
location (e.g., the country) of the user device. In some 1mple-
mentations, the load time data collector 122 only collects load
times from certain types of devices. For example, load times
may not be collected from mobile devices because of the high
latency of all requests for resources on such devices. In some
implementations, the load time data collector 122 anony-
mizes the identified attributes of the user devices for privacy
protection. This ensures that attributes of a particular user
device are not associated with or able to 1dentily a particular
user or their navigational history.

In other implementations 1n which the load time 1s measure
relative to a web server only, an agent (or other software) can
be installed at each publisher 104, and can monitor the time
required to serve arequested resource i response to arequest.
The time can be included as aresource tag or query parameter,
and can be reported by the requesting user device to the load
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time data collector 122. Alternatively, virtual machines
implemented as part of the load time data system can be used
to request the resources.

Load time data aggregator 124 aggregates the load time
data collected by load time collector 122. Load time data
aggregator 124 can generate a load time measure for a
resource 105 that specifies the time the resource takes to load
on user devices 106. In some implementations, the load time
measure 1s a statistical measure (e.g., a central tendency) of
the load times of the resource collected by the load time data
collector 122. Depending on the implementation, the central
tendency may be a mean, trimmed mean, Winsorized mean,
median, median of sample medians, etc.

In some 1mplementations, the load time data aggregator
124 may generate multiple load time measures for a resource
105 based on attributes of the user devices providing the load
time data. In addition to, or 1n place of, the load time measure
that 1s generated using all of the collected page load time data
for a resource, the load time data aggregator 124 can generate
one or more load time measures using only data from user
devices that share at least one attribute. In one example, the
load time data aggregator 124 can generate a first load time
measure for a particular resource using only load times from
user devices 1n the United States, a second load time measure
using load times from user devices in France, a third load time
measure using load times from user devices 1n Germany, etc.
Alternatively, the load time data aggregator 124 can generate

separate load time measures for each identified agent type;
each 1dentified network connection, and so on. The 1dentified
network connection can be a type of network connection used
by a user device to access the resource. In some 1mplemen-
tations, generating load time measures based on multiple
attributes (e.g., a load time measure using only load time data
from devices that use a first agent type and are 1n the United
States) 1s also done.

In some 1mplementations, the load time data aggregator
124 determines whether sufficient load time data has been
collected for a load time measure to be statistically significant
before generating the load time measure. For example, load
time data aggregator 124 can determine whether the number
of user devices reporting load time data for the resource
exceeds a specified threshold value before generating the load
time measure. Some resources 105 may not have enough
traffic from particular locations or types of devices for load
time measures derived from devices sharing a particular
attribute to be meaningftul. For example, resources in Chinese
may not have enough visits from user devices located in
France to generate a meaningiul load time measure using
solely devices from France, or a newly launched website may
not have suificient load time data associated with 1its
resources.

Once the load time measures for a resource are generated,
data including the load time measures 1s associated with the
resource locator for the resource 1n the resource index 112 as
load time data 114. Accordingly, by accessing the resource
index 112, the search engine 110 can access the load time
measures for the resource referenced by a particular resource
locator.

In some implementations, load times for resources associ-
ated with the same domain name (e.g., www.example.com/
resourcel . html, www.example.com/resource2.html,
www.example.com/resourceN.html) can all be assigned the
same load time measure based on the load time statistics of
the resources, and the load times for the resources are thus
resolved to a domain level. Other ways of attributing load
times to resources can also be used.
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FIG. 2 1s a block diagram 1llustrating a process flow of a
search results adjusting engine 128. The load time measures
of resources referenced 1n search results responsive to a query
are used to compute multiplier factors for the search results.

The search results adjusting engine 128 adjusts the order of 5

the search results based on these multiplier factors, as
described below.

At query time, the search results adjusting engine 128
receives search results responsive to the query. Each search
result includes aresource locator referencing a resource and 1s
associated with an 1nitial score for the result. For each search
result including a resource locator associated with load time
data in the resource index 112, the search results adjusting
engine 128 computes a multiplier factor for the search result.
Each multiplier factor 1s a measure of the etfect the load time
of the resource will have on the initial score of the search
result and 1s dependent on a load time measure for the
resource referred to by the search result. The search results
adjusting engine 128 applies the multiplier factor for each
search result to the initial score for the search result (1.e.,
multiplies the 1nitial score for the search result by the multi-
plier factor for the search result) to generate a load-adjusted
score. The search results can then be ranked according to their
load-adjusted scores. Alternatively, an additive factor for each
result can be determined based on the load time measures.
The additive factors can then be added to each 1nitial score to
generate the load-adjusted scores.

As described above, attributes of the user device submait-
ting the query can aflect the load times of resources on the
user device. Thus, 1n some implementations, the multiplier
factor 1s based 1n part on device attributes of the user device
106 submitting the query (1.e., the current user device). The
device attributes can include an agent type ol the agent used to
submit the query and the country of the current user device.
The device attributes can also include the type of network
connection currently being used by the user device. These
device attributes are dertved from or provided by the current
user device. Alternatively, the device attributes can be
obtained from account data associated with the user of the
current user device. The device attributes of the current device
can also be anonymized so that they cannot identily or be
associated with a user of the current user device. In some
implementations, once the results adjusting engine 128
obtains the desired device attributes of the current user
device, 1t can access a load time measure compiled using only
load times from user devices sharing at least one of the
desired attributes with the user device submitting the query.
Alternatively, the search results adjusting engine 128 can
access general load time data for a resource and determine
which of the user devices used to compile the load time data
share at least one desired attribute with the current user
device. The search results adjusting engine 128 can then
generate a new load time measure using only load times from
the 1dentified user devices.

In some 1mplementations, the search results adjusting
engine 128 compares the load time measures for search
results to threshold values to generate the multiplier factor.
Specifically, the search results adjusting engine 128 can com-
pare the load time measure to a first threshold value. If the
load time measure exceeds the first threshold value, the search
results adjusting engine 128 sets the multiplier factor to a first
demotion value. In one implementation, 1f the load time mea-
sure does not exceed the first threshold value, the search
results adjusting engine 128 compares the load time measure
to a second threshold value. If the load time measure exceeds
the second value, the multiplier factor i1s set to a second
demotion value. If the load time measure does not exceed

10

15

20

25

30

35

40

45

50

55

60

65

8

either threshold value, the multiplier factor 1s set to equal 1.
More thresholds and corresponding demotion values can be
used for greater granularity. Alternatively, continuous func-
tions that asymptotically approach a maximum or minimum
demotion value can be used.

The threshold values can be determined using a sample of
all collected page load times. For example, the first threshold
value can be any value 1n a range of values corresponding to
the 967 percentile of all collected page load times to the 99”
percentile of all collected page load times. The second thresh-
old value 1s lower than the first threshold value and can be any
value in a range of values corresponding to the 85 percentile
of all collected page load times to the 95 percentile of all
collected page load times. Alternatively, other ranges can be
used. The demotion values can be adjusted 1n accordance with
the desired effect on search result scores, with the first demo-
tion value being lower than the second demotion value to
further demote resources with extremely low load times.

Alternatively, the search results adjusting engine 128 can
promote search results with shorter load times by comparing,
the load time measures for resources to a different threshold
value (e.g., any value in the range of the 57 percentile of all
collected page load time values to the 15 percentile of all
collected page load time values), and setting the multiplier
factor equal to a promotion value if the load time measure 1s
below the threshold value.

In some implementations, particular search results are not
subject to being promoted or demoted (i.e., their multiplier
factor 1s set to 1) no matter their load time measure. For
instance, search results whose load time measure 1s based on
too few data points (e.g., the load time measure 1s based on
less than 1000 reported load times), search results that have
relevancy scores exceeding a certain threshold value, search
results corresponding to a resource that 1s a home page of a
web site, and search results for navigational resources can all
have theirr multiplier factor set to 1 regardless of their load
time measure. Similarly, load times can be 1gnored for certain
queries, such as queries that are determined to be directed to
obtaining particular information (e.g., navigational queries,
news queries, weather queries, etc.).

Additionally, the search results adjusting engine 128 can
apply the same multiplier factor to groups of related
resources. For example, all resources from the same host may
be demoted or promoted by the same factor 1n order to pre-
serve the relative order of results from the host. Furthermore,
all resources 1included 1n the same web site, having the same
domain, or sharing an IP address can be assigned the same
multiplier value. Various techniques may be used to deter-
mine which multiplier value to apply, including demoting or
promoting each group of related resources based on the
smallest or largest load time measure of any resource 1n the
group. In some implementations, an average multiplier value
for the group of related resources can be computed based on
the individual multiplier values for each related resource.

Other implementations of the systems and techniques for
using resource load times 1n ranking search results are pos-
sible. In some 1implementations, a load time for a particular
resource on a particular user device can be predicted using a
model that has as its mput information about the resource,
¢.g., size of theresource, web server hosting the resource, etc.,
and, optionally, attributes of the user device. The model can
be developed using conventional machine learning tech-
niques, €.g., using a data set where the output and mput are
known to train the model. The predicted load time can then be
used in place of the load time measure to generate the multi-
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plier factor. Alternatively, the model can use the load time
measure for the resource as an input to generate the predicted
load time.

Once the load-adjusted scores for each of the search results
have been generated by search results adjusting engine 128,
the search engine 110 reorders the search results according to
the load-adjusted scores ol the resources corresponding to the
search results. The search engine 110 can provide the search
results to a user device 106. Alternatively, further adjustments
based on other factors can be made to the load-adjusted scores
betore the load-adjusted scores are used to order the search
results for presentation on the user device.

An example adjustment 1s illustrated 1n FIG. 2. As shown 1n
FIG. 2, a query provided from a user device in the United
States (us) and submitted using an agent having an agent ID of
agentl, 1s received by the search engine 110 and the search
engine 110 provides search results 202 ranked according to a
first order. Some of the resources referenced by the search
results 202 are associated with a load time measure (www.ex-
ample 1l.com has a load time measure of 15 seconds,
www.example2.com has a load time measure of 5 seconds,
and www.example3.com has a load time measure of 10 sec-
onds). In some 1mplementations, the load time measure 1s
generated using only load times from user devices in the
United States and/or using the agent having the agent type
agentl. The search results adjusting engine uses the load time
measures to generate a multiplier factor for each search result.
The multiplier factor 1s applied to an 1nitial score used to
generate the first ranking to obtain a load-adjusted score for
cach search result. The load-adjusted scores are then ranked
according to a second order 204 based on the second scores.

In the example adjustment illustrated 1n FIG. 2, a first
threshold value 1s set at 12 seconds and a second threshold
value 1s set at 9 seconds. Because the load time measure for
www.examplel.com (15 s) exceeds the first threshold, the
mitial  score for the search result referencing
www.examplel.com 1s adjusted by a first demotion value.
The load time measure for www.example2.com (5 s) does not
exceed either threshold value, and thus the 1nitial score for
that search result remains unchanged. The load time measure
for www.example3.com (10 s) exceeds only the second
threshold value and the 1nitial score for that search result 1s
adjusted by a second demotion value. In the ranking based on
the  load-adjusted  scores, the  search  result
www.example2.com 1s promoted to the position previously
occupied by the search result www.examplel.com (e.g., posi-
tion n) and the search results www.example3.com and
www.examplel.com are demoted to positions n+6 and n+20,
respectively, because of the applied demotion values.

FIG. 3 1s a flow diagram of an example process 300 for
generating a load time measure for a particular resource. The
load time data system 120 o1 FI1G. 1 canbe used to perform the
process 300.

The load time data system 120 collects load time data from
user devices, the load time data specifying, for each of the
user devices, the time a particular resource took to load on the
user device (302). For example, the load time data system 120
can collect the load time data system 120 over a network 102
from web browsers, web browser add-ons or network moni-
toring software associated with the user devices 106. The load
time data system 120 can receive user device attributes along,
with the load time data.

The load time data system 120 aggregates the recerved load
time data to generate a load time measure for the particular
resource (304), the load time measure being a statistical mea-
sure of the time the particular resource took to load onthe user
device. For example, the load time measure can be a central
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tendency, e.g., a mean, of the collected load times for the
particular resource. In some implementations, the load time
data system 120 1dentifies attributes of the user devices pro-
viding the load time data and generates multiple load time
measures for the resource, each load time measure using only
load times from user devices sharing at least one attribute. In
some 1mplementations, the load time data system 120 deter-
mines whether to compute a load time measure for the par-
ticular resource based on whether suificient load time data
exists for the resource (e.g., whether the number of user
devices providing load times for the particular resource
exceeds a threshold value).

FIG. 4 1s a flow diagram of an example process 400 for
adjusting an order of search results based on resource load
times. The search results adjusting engine 128 of FIG. 1 can
be used to perform the process 400.

The search results adjusting engine 128 receives a search
query from a particular user device (402). In some implemen-
tations, the search results adjusting engine 128 also receives
or obtains attributes of the particular user device.

The search results adjusting engine 128 also recetves initial
scores lor resources, each initial score corresponding to a
corresponding resource and being a measure of relevance of
the corresponding resource to the search query (404). For
example, the search results adjusting engine 128 can receive
the 1nitial scores from the search engine 110.

The search results adjusting engine 128 accesses load time
data that specifies, for each of the resources, a load time
measure for the resource that measures the time the resource
takes to load on a user device (406). For example, the load
time measure can be a central tendency of load times of the
resource from a sample of user devices. In some 1mplemen-
tations, the load time measure 1s compiled using only load
time data from user devices that share at least one attribute
(e.g., location or agent type) with the particular user device.
Alternatively, the search results adjusting engine 128 can
generate a new load time measure that uses only data from
user devices sharing at least one attribute with the particular
user device as described above. The load times can be on a
per-resource basis, or on a per-domain basis.

The search results adjusting engine 128 adjusts the 1nitial
score for each resource based on the load time measure for the
resource to generate a load-adjusted score for each resource
(408). For example, the search results adjusting engine 128
can compute a multiplier factor for each resource. The mul-
tiplier factor can be computed based on a comparison of the
load time measure for the resource to one or more pre-defined
threshold values. The multiplier factor 1s then applied to the
initial score for the resource to generate the load-adjusted
score.

FIG. 5 1s a flow diagram of an example process 500 for
adjusting an 1nitial score of a resource based on the load time
measure for the resource. The search results adjusting engine
128 of FIG. 1 can be used to perform the process 500.

The search results adjusting engine 128 receives a first
score for the resource, the initial score being a measure of
relevance of the resource to a search query (502). The search
results adjusting engine 128 accesses load time data that
specifies a load time measure for the resource that measures
the time the resource takes to load on user devices (504).

The search results adjusting engine 128 determines
whether the load time measure exceeds a first threshold value
(506), and 11 1t does, a first demotion value 1s applied to the
initial score for the resource (508). 11 the load time measure
does not exceed the first threshold value, the results adjusting
engine 128 determines whether the load time measure
exceeds a second threshold value (510). If the load time
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measure exceeds the second threshold value, a second demo-
tion value 1s applied to the nitial score (512). Otherwise, no
change 1s made to the initial score for the resource (514).

Embodiments of the subject matter and the operations
described 1n this specification can be implemented 1n digital
clectronic circuitry, or 1n computer software, firmware, or
hardware, including the structures disclosed 1n this specifica-
tion 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 programs, 1.€., one or more modules of com-
puter program instructions, encoded on computer storage
medium for execution by, or to control the operation of, data
processing apparatus. Alternatively or 1n addition, the pro-
gram 1nstructions can be encoded on an artificially-generated
propagated signal, e.g., a machine-generated electrical, opti-
cal, or electromagnetic signal, that 1s generated to encode
information for transmission to suitable receiver apparatus
for execution by a data processing apparatus. A computer
storage medium can be, or be included 1n, a computer-read-
able storage device, a computer-readable storage substrate, a
random or serial access memory array or device, or a combi-
nation of one or more of them. Moreover, while a computer
storage medium 1s not a propagated signal, a computer stor-
age medium can be a source or destination of computer pro-
gram 1nstructions encoded 1n an artificially-generated propa-
gated signal. The computer storage medium can also be, or be
included 1n, one or more separate physical components or
media (e.g., multiple CDs, disks, or other storage devices).

The operations described 1n this specification can be imple-
mented as operations performed by a data processing appa-
ratus on data stored on one or more computer-readable stor-
age devices or received from other sources.

The term “data processing apparatus” encompasses all
kinds of apparatus, devices, and machines for processing
data, including by way of example a programmable proces-
sor, a computer, a system on a chip, or multiple ones, or
combinations, of the foregoing The apparatus can include
special purpose logic circuitry, e.g., an FPGA (field program-
mable gate array) or an ASIC (application-specific integrated
circuit). The apparatus can also include, 1n addition to hard-
ware, 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, a cross-platform runtime envi-
ronment, a virtual machine, or a combination of one or more
of them. The apparatus and execution environment can real-
1ze various different computing model infrastructures, such
as web services, distributed computing and grid computing
inirastructures.

A computer program (also known as a program, software,
software application, script, or code) can be written 1n any
form of programming language, including compiled or inter-
preted languages, declarative or procedural languages, and it
can be deployed 1n any form, including as a stand-alone
program or as a module, component, subroutine, object, or
other unit suitable for use 1 a computing environment. A
computer program may, but need not, correspond to afile1n a
file 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 1n 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.

10

15

20

25

30

35

40

45

50

55

60

65

12

The processes and logic flows described 1n this specifica-
tion can be performed by one or more programmable proces-
sors executing one or more computer programs to perform
actions 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).

Processors suitable for the execution of a computer pro-
gram 1nclude, 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 mstructions 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 actions 1 accor-
dance with 1nstructions and one or more memory devices for
storing instructions and data. Generally, a computer will also
include, or be operatively coupled to recerve data from or
transier 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 1n another device,
¢.g., a mobile telephone, a personal digital assistant (PDA), a
mobile audio or video player, a game console, a Global Posi-
tioning System (GPS) receiver, or a portable storage device
(e.g., a umversal serial bus (USB) flash drive), to name just a
tew. Devices suitable for storing computer program instruc-
tions 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 processor and the memory
can be supplemented by, or incorporated 1n, special purpose
logic circuitry.

To provide for interaction with a user, embodiments of the
subject matter described 1n this specification can be imple-
mented on a computer having a display device, e.g., a CRT
(cathode ray tube) or LCD (liguid crystal display) monitor,
for displaying information to the user and a keyboard and a
pointing device, e.g., amouse or a trackball, by which the user
can provide mput 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 recerved in
any form, including acoustic, speech, or tactile input. In addi-
tion, a computer can interact with a user by sending docu-
ments to and recerving documents from a device that 1s used
by the user; for example, by sending web pages to a web
browser on a user’s client device in response to requests
received from the web browser.

Embodiments of the subject matter described 1n this speci-
fication can be implemented 1n 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, €.g., a communication network. Examples
of communication networks include a local area network




US 8,645,362 Bl

13

(“LAN") and a wide area network (“WAN”), an inter-network
(¢.g., the Internet), and peer-to-peer networks (e.g., ad hoc
peer-to-peer networks).

The computing system can 1nclude clients and servers. 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. In some embodi-
ments, a server transmits data (e.g., an HITML page) to a client
device (e.g., for purposes of displaying data to and receiving
user input from a user interacting with the client device). Data
generated at the client device (e.g., a result of the user inter-
action) can be recerved from the client device at the server.

While this specification contains many specific implemen-
tation details, these should not be construed as limitations on
the scope of any implementation or of what may be claimed,
but rather as descriptions of features that may be specific to
particular embodiments of particular implementations. Cer-
tain features that are described in this specification in the
context of separate embodiments can also be implemented 1n
combination 1n a single embodiment. Conversely, various
teatures that are described in the context of a single embodi-
ment can also be implemented 1n multiple embodiments sepa-
rately or 1n any suitable subcombination. Moreover, although
features may be described above as acting 1n certain combi-
nations and even initially claimed as such, one or more fea-
tures from a claimed combination can 1n some cases be
excised from the combination, and the claimed combination
may be directed to a subcombination or variation of a sub-
combination.

Similarly, while operations are depicted 1n the drawings 1n
a particular order, this should not be understood as requiring
that such operations be performed 1n the particular order
shown or 1n sequential order, or that all 1llustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation of various system compo-
nents in the embodiments described above should not be
understood as requiring such separation 1n all embodiments,
and 1t should be understood that the described program com-
ponents and systems can generally be integrated together in a
single software product or packaged 1into multiple software
products.

Particular embodiments of the subject matter described in
this specification have been described. Other embodiments
are within the scope of the following claims. For example, the
actions recited in the claims can be performed 1n a different
order and still achieve desirable results. As one example, the
processes depicted 1n the accompanying figures do not nec-
essarily require the particular order shown, or sequential
order, to achieve desirable results. In certain 1implementa-
tions, multitasking and parallel processing may be advanta-
geous.

What 1s claimed 1s:

1. A method performed by a data processing apparatus, the
method comprising:

receiving a search query from a particular user device;

receiving, for each of a plurality of resources responsive to

the search query, a respective first score;

accessing load time data that specifies, for each of the

plurality of resources, a respective load time measure for
the resource, wherein the load time measure 1s a statis-
tical measure of a sample of load times for the resource
obtained from a plurality of user devices; and
generating a respective second score for each of the plu-
rality of resources, wherein generating the respective
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second score for each of the plurality of resources com-
prises adjusting the first score for each of the plurality of
resources based on the load time measure for the
resource to generate the second score for the resource,
and wherein adjusting the first score for each of the
plurality of resources comprises:
comparing the load time measure for each of the plural-
ity of resources to a first threshold value that repre-
sents a first percentile of load times 1n a sample of
collected load times for resources 1n a resource index,
determining that the load time measure for a first
resource of the plurality of resources exceeds the first

threshold value, and

in response to determining that the load time measure for
the first resource exceeds the first threshold value,
adjusting the first score for the first resource by apply-
ing a first multiplier factor to the first score.

2. The method of claim 1, further comprising:

providing a search results page including search results to

the particular user device, wherein each search result
corresponds to a respective one of the resources, and
wherein the search results are 1n an order according to
the second scores of the resources corresponding to the
search results.

3. The method of claim 2, further comprising;

making further adjustments to the second scores belore

providing the search results page to the particular user
device.

4. The method of claim 1, wherein the statistical measure 1s
a central tendency of the sample.

5. The method of claim 1, wherein each of the plurality of
user devices shares at least one attribute with the particular
user device and wherein the at least one shared attribute
comprises a location of the particular user device.

6. The method of claim 5, wherein the location of the
particular user device 1s a country from which the search
query originates.

7. The method of claim 1, wherein each of the plurality of
user devices shares at least one attribute with the particular
user device and wherein the at least one shared attribute
comprises an agent type of the particular user device.

8. The method of claim 1, further comprising;

1dentifying one or more of the plurality of user devices that

share at least one attribute with the particular user
device, where the at least one shared attribute comprises
an agent type of the particular user device or a location of
the particular user device; and

computing a new load time measure using only load times

from the 1dentified one or more user devices.

9. The method of claim 1, wherein adjusting the first score
for each of the plurality of resources further comprises:

determining that the load time measure for a second

resource of the plurality of resources does not exceed the
first threshold value;

determiming that the load time measure for the second

resource exceeds a second threshold value that repre-
sents a second percentile of load times 1n the sample of
collected load times; and

in response to determining that the load time measure for

the second resource exceeds the second threshold value,
adjusting the first score for the second resource by
applying a second multiplier factor to the first score for
the resource.

10. A system comprising:

one or more computers and one or more storage devices

storing 1nstructions that when executed by the one or
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more computers cause the one or more computers to
perform operations comprising:

receiving a search query from a particular user device;

receiving, for each of a plurality of resources responsive to

the search query, a respective first score;

accessing load time data that specifies, for each of the

plurality of resources, a respective load time measure for
the resource, wherein the load time measure 1s a statis-
tical measure of a sample of load times for the resource
obtained from a plurality of user devices; and
generating a respective second score for each of the plu-
rality of resources, wherein generating the respective
second score for each of the plurality of resources com-
prises adjusting the first score for each of the plurality of
resources based on the load time measure for the
resource to generate the second score for the resource,
and wherein adjusting the first score for each of the
plurality of resources comprises:
comparing the load time measure for each of the plural-
ity of resources to a first threshold value that repre-
sents a {irst percentile of load times in a sample of
collected load times for resources 1n a resource index,
determining that the load time measure for a first
resource of the plurality of resources exceeds the first
threshold value, and
in response to determining that the load time measure for
the first resource exceeds the first threshold value,
adjusting the first score for the first resource by apply-
ing a first multiplier factor to the first score.

11. The system of claim 10, the operations further com-
prising:

providing a search results page including search results to

the particular user device, wherein each search result
corresponds to a respective one of the resources, and
wherein the search results are 1n an order according to
the second scores of the resources corresponding to the
search results.

12. The system of claim 11, the operations further com-
prising;:

making further adjustments to the second scores and the

order before providing the search results page to the
particular user device.

13. The system of claim 10, wherein the statistical measure
1s a central tendency of the sample.

14. The system of claim 10, wherein each of the plurality of
user devices shares at least one attribute with the particular
user device and wherein the at least one shared attribute
comprises a location of the particular user device.

15. The system of claim 14, wherein the location of the
particular user device 1s a country from which the search
query originates.

16. The system of claim 10, wherein each of the plurality of
user devices shares at least one attribute with the particular
user device and wherein the at least one shared attribute
comprises an agent type of the particular user device.

17. The system of claim 10, the operations further com-
prising;:

identifying one or more of the plurality of user devices that

share at least one attribute with the particular user
device, where the at least one shared attribute comprises
an agent type of the particular user device or a location of
the particular user device; and

computing a new load time measure using only load times

from the 1dentified one or more user devices.

18. The system of claim 10, wherein adjusting the first
score for each of the plurality of resources further comprises:
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determiming that the load time measure for a second
resource of the plurality of resources does not exceed the
first threshold value;

determiming that the load time measure for the second

resource exceeds a second threshold value that repre-
sents a second percentile of load times 1n the sample of
collected load times; and

in response to determining that the load time measure for

the second resource exceeds the second threshold value,
adjusting the first score for the second resource by
applying a second multiplier factor to the first score for
the resource.

19. A computer storage medium encoded with a computer
program, the program comprising instructions that when
executed by data processing apparatus cause the data process-
ing apparatus to perform operations comprising:

recerving a search query from a particular user device;

recerving, for each of a plurality of resources responsive to

the search query, a respective first score;

accessing load time data that specifies, for each of the

plurality of resources, arespective load time measure for
the resource, wherein the load time measure 1s a statis-
tical measure of a sample of load times for the resource
obtained from a plurality of user devices; and
generating a respective second score for each of the plu-
rality of resources, wherein generating the respective
second score for each of the plurality of resources com-
prises adjusting the first score for each of the plurality of
resources based on the load time measure for the
resource to generate the second score for the resource,
and wherein adjusting the first score for each of the
plurality of resources comprises:
comparing the load time measure for each of the plural-
ity of resources to a first threshold value that repre-
sents a first percentile of load times 1n a sample of
collected load times for resources 1n a resource index,
determining that the load time measure for a first
resource of the plurality of resources exceeds the first
threshold value, and
in response to determiming that the load time measure for
the first resource exceeds the first threshold value,
adjusting the first score for the first resource by apply-
ing a first multiplier factor to the first score.

20. The computer storage medium of claim 19, the opera-
tions further comprising:

providing a search results page including search results to

the particular user device, wherein each search result
corresponds to a respective one of the resources, and
wherein the search results are 1n an order according to
the second scores of the resources corresponding to the
search results.

21. The computer storage medium of claim 20, the opera-
tions further comprising:

making further adjustments to the second scores and the

order before providing the search results page to the
particular user device.

22. The computer storage medium of claim 19, wherein the
statistical measure 1s a central tendency of the sample.

23. The computer storage medium of claim 19, wherein
cach of the plurality of user devices shares at least one
attribute with the particular user device and wherein the at
least one shared attribute comprises a location of the particu-
lar user device.

24. The computer storage medium of claim 23, wherein the
location of the particular user device 1s a country from which
the search query originates.
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25. The computer storage medium of claim 19, wherein
cach of the plurality of user devices shares at least one
attribute with the particular user device and wherein the at
least one shared attribute comprises an agent type of the
particular user device. 5

26. The computer storage medium of claim 19, the opera-
tions further comprising:

identifying one or more of the plurality of user devices that

share at least one attribute with the particular user
device, where the at least one shared attribute comprises 10
an agent type of the particular user device or a location of
the particular user device; and

computing a new load time measure using only load times

from the 1dentified one or more user devices.
27. The computer storage medium of claim 19, wherein 15
adjusting the first score for each of the plurality of resources
turther comprises:
determining that the load time measure for a second
resource of the plurality of resources does not exceed the
first threshold value; 20

determining that the load time measure for the second
resource exceeds a second threshold value that repre-
sents a second percentile of load times 1n the sample of
collected load times; and

in response to determining that the load time measure for 25

the second resource exceeds the second threshold value,
adjusting the first score for the second resource by
applying a second multiplier factor to the first score for
the resource.

30
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