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SEARCHING BASED ON A LOCAL DENSITY OF ENTITIES

TECHNICAL FIELD
6001} This disclosure relates to gencrating search results based on a local density of

entitics within a geographical arca.

BACKGROUND
186621 In recent years, use of computers, smartphones, and other Internet-connecte
devices has grown exponentially. Correspondingly, the number of available software
applications for such devices has also grown. Today, many diverse native and web
software applications can be accessed on any number of different devices, including, but
not Hmited to, smoartphones, personal cormputers, autornobiles, and televisions. These
diverse applications can range from business driven applications, games, educational
applications, news applications, shopping applications, messaging applications, media
streamiug applications, social networking applications, and so much more. Furthermore,
application developers develop vast amounts of applications within each genre and each

application may have numcrous editions.

SUMMARY
18663] The disclosure is divected to techniques for searching based on the local
density of entities {(e.g., businesses). The systenmvmethod uscs an entity density grid
having nodes arranged at different latitude/longitude values. Each node is assigned an
entity density value that indicates the mumber of entities in the arca around the node. At
search tirae, the scarch systern assigns an entity density value to the user based on the
user's location. The search system then filters/scores search results based on the entity
density value.
16064} One aspect of the disclosure provides a method executed by a corputing
device. The method includes receiving a search criteria and location data from a user
device wn commrnunication with the computing device, determining a user location based
on the location data, and determining a geographical density of entities about the user
location. The method optionally includes selecting one or more access mechanisms

based on the search criteria and the geographical density. Each access mechanism, when
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executed by the user device, causes the user device to access a resource identified by the

o

ccess echanism. The method also optionally uctades transmitting search results
containing the one or more selected access mechanisms from the computing device to the
user device.

3065} Implementations of the disclosure may inchade one or more of the following
optional featurcs. In some implementations, the location data 1s mdicative of a location
of a user computing device oniginating the search criteria. For example, the location data
may be a geo-location. The step of determining the geographical density of entities may
nclude selecting an entity deusity associated with a node of an entity density grid closest
to the user location. The entity density grid, in some cxamples, has latitude lines and
longitudinal lines and a node at one or more 1ntersections of the latitude lines and
fongitudinal lines. In some implementations, the step of determining the geographical
density of entities includes generating an ontity density grid for a geographical area,
where the entity density grid has nodes, and each node has an associated entity density
value. The method includes increasing the entity density value of one or more nodes
based on a location of an entity with respect to the oue or roore nodes and determining
the geographical density of entitics about the user location as the entity density value
associated with the closest node to the user location. To soroe oplementations, for each
entity located within the entity density grid, the method includes increasing the entity
density value of a node closest to the entity. In other implernentations, for cach entity
focated within the entity density grid, the method tncludes increasing the entity density
value of onc or more nodes closest to the entity. The increase in the entity density value
corresponds to a distance between the entity and the respective node. In additional
exarnpics, each node of the entity density grid has an associated geographical coordinate
{¢.g., and not on any particular gnd of lines) and an entity density value.

[6GaG6] The method may optionally inchude filtering access mechanisms based on the
user tocation. o soroe examples, the method includes filteving out access mechauisms
corresponding to entities located outside a geographical boundary about the user location.
Other types of filtering are possible as well. A size and/or shape of the geographical

boundary may be based on the geographical density of entities.

o
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80671 Selecting the one or more access mechanisms may optionally include
generating and scoring a consideration set of function records. The consideration set of
function records is based on the search criteria. Moreover, each function record has an
associated access mechanism, application state information, and an entity location. The
method further includes scoring the constderation set of function records based on the
associated entity location with respect the user location and a correspondence of the
application state wnformation to the scarch criteria,

[6GG8] Additionaily or alternatively, selecting the one or more access mechanisms
may include generating a consideration set of function records based on the search
criteria, where cach function record has an associated access mechanism and an entity
location, determining a geographical boundary about the user location based on the
geographical density of entities, and filtering out function records from the consideration
set having an associated entity location outside the geographical boundary.

188691 In some implementations, the access mechanism, when executed by the user
device, causes the user device to access a native application installed on the user device,
launch a web browser installed on the user device and access a web resource identified by
the access mechanism, or access a digital distribution platform and download an
application identified by the access mechanism.

80161 Another aspect of the disclosure provides a system that includes one or more
computing devices in comrmunication with a user device. The one or more computing
devices execute instructions that cause the one or more computing devices to receive a
search criteria and location data from the user device, determine a user location based on
the location data, and determine a geographical density of entities about the user location.
The one or more computing devices may optionally select one or more access
mechamsms based ou the scarch criteria and the geographical density and fransmit search
results containing the one or more sclected access mechanisms to the user device. Each
access mechauisro, when executed by the user device, causes the user device to access a
resource identified by the access mechanism.

10611} In some implementations, the location data is indicative of a location of a user
computing device originating the search criteria. For example, the location data may be a

geo-location.
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86124 The one or more computing devices may determine the geographical density
of entitics by sclecting an entity density associated with a node of aun entity density grid
closest to the user location. The entity density grid may have latitude lines and
fongitudinal lines and a node at onc or more intersections of the latitude hnes and
fongitudinal lines. The one or more computing devices may store the entity density grid
{(or pertinent data thereof) in non-transitory memory in comumunication with the one or
more computing devices. In some examples, the one or more computing devices store
map coordinates (i.c., latitude and longitude pairs} of nodes and the entity density values
associated with those coordinates (nodes). Any coordinate not found m the roemory may
have an assumed entity density value of zero at search time. Morcover, one or more
entity density values may have a value of zero {¢.g., when no entities exist ncarby).
[6G13] In some examples, the one or more computing devices determine the
geographical density of cutitics by generating an entity density grid for a geographical
area, where the entity density grid has nodes, cach node having an associated euntity
density value, and increasing the entity density value of one or more nodes based on a
location of an entity with respect to the ove or more nodes. The one or rore computing
devices determine the geographical density of entitics about the user location as the entity
density value associated with the closest node to the user location. In some examples, the
entity density grid has latitude lines and longitudinal ines and nodes at intersections of
the latitude hines sand longitudinal ines. In additional examples, cach node of the entity
density grid has an associated geographical coordinate (e.g., and not on any particular
grid of lines) and an entity density value.

18014} In some implementations, the one or more computing devices determine the
geographical density of entities by, for cach entity located within the entity density grid,
increasing the entity density value of a node closest to the entity. v other
implementations, the one or more computing devices determine the geographical density
of entities by, for cach cutity located within the entity density grid, increasing the entity
density value of one or more nodes closest to the entity. The increase in the entity density
value corresponds to a distance between the entity and the respective node.

[6G15] The one or more computing devices may select one or more access

mechanisms by filtering access mechanisras based oun the user location. For cxample, the



[91]

(53]

WO 2016/003639 PCT/US2015/035962

onc or more computing devices may filter out access mechanisms corresponding to
entities located outside a geographical boundary about the user location. A size and/or
shape of the geographical boundary may be based oun the geographical density of entities.
[60156] In some implementations, the one or more computing devices select one or
more access mechanisms by generating and scoring a counsideration set of function
records. The consideration set of function records is based on the search criteria.
Moreover, cach function record has an associated access roechanism, application state
information, and an entity location. The one or more computing devices score the
consideration set of function records based on the associated entity location with respect
the user location and a correspondence of the application state information to the search
criteria.

[6G17] Additionally or altematively, selecting the one or more access mechanisms
may include generating a consideration set of function records based on the search
criteria, where each function record has an associated access mechanism and an entity
location, determining a geographical boundary about the user location based on the
geographical density of entities, and filtering out function records from the counsideration
set having an associated entity location outside the geographical boundary.

18818} The access mechanism, when executed by the user device, may cause the user
device to access a native application installed on the user device, launch a web browser
installed on the user device and access a web resource identified by the access
mechanism, or access a digital distribution platform and download an application
wdentified by the access mechanism.

13019 In yet another aspect of the disclosure, a method includes receiving a search
guery and user location from a user device and identifying function records included ina
data store based on the received search query. Fach of the function records jucludes an
access mechanism specifying a state of an application, application state mformation
describing the state of the application specified by the access mechanism, and a location
of an entity associated with the function record. The method optionally includes
detcrmining a scarch scope based on the user location. The scarch scope includes g geo-
focation and a geographical area surrounding the geo-location. For each function record,

the method includes determining whether the respective entity location 1s located within
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the geographical area of the scarch scope, selecting access mechanisms from function
records having a respective entity location located within the geographical arca of the
search scope, and transmitting the selected access mechanisms to the user device.

8628} In some implementations, determining the search scope includes gencrating an
entity density grid for a geographical region. The entity density grid has nodes, and cach
node has an associated ontity density value. The method includes increasing the entity
density value of one or more nodes based on a location of an entity with respect to the
on¢ or more nodes, determining a geographical density of entities about the user location
as the entity density value associated with the closest node to the user location, and
determining the geographical arca of the search scope based on the geographical density
of cutitics about the user location.

16621} The detaiis of one or more implementations of the disclosure are set forth in
the accompanying drawings and the description below. Other aspects, features, and

advantages will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
86221 FIG. 1A is a schematic view of an example environment including a user
device in communication with a scarch systerm.
6623} FIG. 1B is a functional block diagram of a search system interacting with an
entity system, user devices, and data sources.
18624} FIG. 2 1s a schernatic view of an example user device in communication with

a search system.

[6325] FIGS. 3A-3B are schematic views of example function records.

(6026} FI1G. 4A 1s a schematic view of an example entity record.

(8627} FI1G. 4B is a schematic view of an example entity density grid.

[B028] FI(. 4C 18 a schematic view of an example entity density grid overlainon a
map.

[66G29] FIGS. 4D and 4E are schematic views illustrating attributing an entity density

value to one or more nodes of an entity density grid.
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{8636} FiG. 4F 1s a schematic view of an example entity density grid having an
identified location of a user device and an associated entity density value associated with
the user device.

8631} FIGS. 4G and 4H are schernatic views ilustrating exaraple methods of
generating an entity density grid.

0032} FIGS. SA and 5B are schematic views illustrating example methods of
performing a location-based search.

[6G33] FIG. 6 13 a schematic view illustrating an example method of generating
search resulis.

18634 FiG. 7 is a flow diagram illustrating an example method describing operation

of a user devige,

[6G35] FIG. 8 is a functional block diagram of an example search module.
[8636] F1G. 9 1s a schematic view illustrating an exaraple mcthod of performing a

focation-based search and transmitting search results containing access mechanisms to

the user device.

16037} FIG. 10 is a schematic view llustrating an example method of performing a
focation-based search and transmitting access mechanisms to the user device.

18038} FIG. 11 s a scheroatic view of an exarple cormputing device executing any
systems or methods described herein.

16639 Like reference symbols in the various drawings indicate hike elements.

DETAILED DESCRIPTION
160G48] A search system of the present disclosure implements a search based on a
focal density of entities around a user device location. For example, a user in the city
center of Mountain View, CA (e.g., on Castro St. in Mountain View, CA) searching for a
coffee shop may likely have a preference for a coffee shop close to a geo-location of the
user, while a user a rotle away i a less cornmercial arca muight be more willing to travel a
mile or further {e.g., to the city center) to visit a coffee shop. Moreover, a user in
Montana, which is generally less populated that Silicon Valley, may be more willing to
travel several miles to visit a coffee shop, especially if the user’s current geo-location is

on a 50 acre ranch.

~3
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6041} The scarch system receives a query from a user device that includes a search
criteria and data mdicating or indicative of the geo-location of the user device. The
search system generates search results in response to the received query and transmits the
search results to the user device. The search system may counsider a relative geographical
density of entities {e.g., business, places, etc. having a known location} about the user’s
geo-location when generating the scarch results. Moreover, the search systern may use
one or more location-based filierimg techniques, discussed in more detail herein, when
determining the search results. The search results may inclhude various mechanisms for
accessing apphications or functionality of applications relevant to the search query or
optionally the geo-location of the user.

0042} FIG. 1A tllustrates an exaraple system 100 that includes a user deviee 200
assoctated with a user 10 in communication with a remote system 110 via a network 120.
FIG. 1B provides a functional block diagram of the system 100, The remote system 110
may be a distributed system (c.g., cloud environment) having scalable / elastic computing
resources 112 and/or storage resources 114, The user device 200 and/or the remote
systern 110 may execute a scarch system 300 and an entity system 400 and optionally
receive data from one or more data sources 130, In some implementations, the search
system 300 and the entity systern 400 coromunicate with one or more user devices 200
and the data source(s) 130 via the network 120, The network 120 may include various
types of networks, such as a local arca network (LAN), wide area network (WAN),
and/or the Internet.

16843} FI1G. 2 shows an example user device 200 1n communication with the scarch
system 300, User devices 200 can be any computing devices that are capable of
providing query wrappers 210 to the search system 300. User devices 208 inchade, but
are not limited to, mobile computing devices, such as laptops 200a, tablets 200b, sroart
phones 200c, and wearable computing devices 200d (c.g., headsets and/or watches).
User devices 200 may also include other computing devices having other form factors,
such as computing devices included in desktop computers 200e, vehicles, gaming
devices, televisions, or other appliances {(e.g., networked home automation devices and

home appliances).
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(80441 The user devices 200 may usc a variety of different operating systems 224, In
exaraopies where a user device 200 is a mobile device, the user device 200 way run an
operating system including, but not himited to, ANDROID® developed by Google Inc,
I0S® developed by Apple Inc., or WINDOWS PHONE® developed by Microsoft
Corporation. Accordingly, the operating system 224 running on the user device 200 may
include, but is not limited to, one of ANDROID®, IOS®), or WINDOWS PHONE®. In
an example where a user device s a laptop or desktop computing device, the user device
may run an operating system including, but not limited to, MICROSCFT WINDOWS®
by Microsoft Corporation, MAC OS® by Apple, Inc., or Linux. User devices 200 may
also access the search system 300 while running operating systems 224 other than those
operating systeras 224 described above, whether presently available or developed n the
future.

[8045] A sottware application 204 may refer to computer software that, when
executed by a computing device, causes the computing device to perform a task. In some
exarnpics, a software application 204 is referred to as an "application”, an "app”, or a
"program”. Exarople software applications 204 mclude, but are not limaited to, word
processing applications, spreadshect applications, messaging applications, media
streaming applications, social networking applications, and games.

80461 Applications 204 can be executed on a variety of different user devices 200.
In some cxamples, applications 204 arc installed on a user device 200 prior to a user 10
purchasing the user device 200, In other examples, the user may 10 download and install
applications 204 on the user device 200,

180471 In general, the user device 200 may communicate with the scarch system 3060
using any software application 204 that can transmit search gueries 212 to the scarch
systern 300, In some examples, the user device 200 runs a native application 204a that is
dedicated to mnterfacing with the scarch system 300, such as a native application 204a
dedicated to searches {e.g., a search application 216). In some examples, the user device
200 communicates with the search system 300 using a more general application 204, such
as a web-browser application 204b accessed using a web browser. Although the user

device 200 may communicate with the search system 300 using a native application 204a
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and/or a web-browser application 204b, the user device 200 may be described hereinafter
as using the native search application 216 o comumunicate with the scarch system 300

[ 6048} Referring to FIGS. TA-2, the search system 300 includes a search module 310
in comununication with a search data store 320. The scarch data store 320 may include
one or more databases, indices (g.g., inverted indices}, tables, files, or other data
structures, which may be used to implernent the techniques of the present disclosure. The
search wmodule 310 receives a query wrapper 210 and geocerates search results 220 based
on the data inchuded in the scarch data store 320. In some implementations, the scarch
wodule 310 receives a query wrapper 210 from the user device 200 and performs a
scarch for function records 330 included in the search data store 320 based on data
inecluded in the query wrapper 210, such as @ scarch query 212, The function records 330
inchide one or more access mechanisms 202 that the user device 200 can use to access
different functions for a variety of different applications, such as native applications 204a
tnstalled on the user device 200. The search module 310 transmits search results 220

including a list of access mechanisms 202 to the user device 200 that generated the query

wrapper 210,
[4349] The user device 200 generates user selectable links 230 based on the received
search results 220 (e.g., links 230-1, 230-2,..., 230-5 of FIG. 2). Each user selectable hink

230 displayed to the user 10 may include an access mechanism 202, The user 10 may
sclect a user sclectable link 230 on the user device 200 by interacting with the link 230
{c.g., touching or clicking the link}. In response to selection of a link 230, the user device
200 may launch 4 corresponding software application 204 (e.g., a native application 204a
or a web-browser application 204b) referenced by the access mechanism 202 and perform
one or more operations indicated in the access mechanism 202,

160G56] The user 10 may access the functionality of an application 204 oun the user
device 200 on which the application 204 1s installed. Additionally or alternatively, the
user 10 may access the functionality of an application 204 via a remote computing
device. In some examples, all of an application’s functionality 1s included on the user
device 200 on which the application 204 1s installed. These apphications 204 may
function without communication with other computing devices {e.g., via the Internet}. In

additional examples, an application 204 instalied on a user device 200 may access
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information from other remote computing devices during operation. For example, a
weather application 1ustalled on a user device 200 may access the latest weather
information via the Internet and display the accessed weather information to the user 10
through the mstalled weather application. In further examples, an application 204 (e.g., a
web-browser application 204b) may be partially executed by the user device 200 and
partially executed by a remote computing device 300 (i.c., the search systera 300). For
exaruple, a web-browser apphication 204b may be an application 204 that is executed, at
fcast in part, by a web server and accessed by a web browser of the user device 200.
Example web applications 204b may wnclude, but are not livatted to, web-based ewail,
online auctions, and online retail sites,

6651 Access mechanisms 202 may melude at least one of a native application
access mechanism 202a (hereinafter "application access mechanism™), a web access
mechanism 202b, and an application dowuload mechanism 202¢. The user device 200
may use the access mechanisms 202 to access functionality of applications 204, For
example, the user 10 may select a user selectable link 230 including an access mechanism
202 m order to access functionahity of an application 204 indicated in the user selectable
fink 230, The scarch module 310 may transmit one or more application access
mechanisms 202a, one or more web access mechanisms 202b, and one or more
application download mechanisms 202¢ fo the user device 200 in the search results 220.
[6652] An application access mechanism 202a may be a string that includes a
reference to a native application 204a and indicates one or more operations for the user
device 200 to perform. If a user 10 selects a user sclectable link 230 including an
application access mechanism 202a, the user device 200 may launch the native
application 204a referenced in the application access mechanism 202a and perform the
one or more operations ndicated in the application access mechanism 202a.

[6G53] A web access mechanism 202b may include a resource identifier that includes
a refercuce to a web resource {(e.g., a page of a web application/website). For example, a
web access mechanism 2025 may include a uniform resource locator (URL} (i.e., a web
address) used with hypertext transter protocol (HTTP). I a user 10 selects 4 user
selectable link 238 including a web access mechanism 202b, the user device 200 may

taunch the web browser application 204b and retrieve the web resource indicated in the
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resource identifier. Put another way, if a user 10 selects a user selectable link 230
including a web access mechanisrn 202b, the user device 200 voay launch a
corresponding web-browser application 204b and access a state {e.g., a page} of a web
application/website. In some cxamples, web access racchanisms 202b melude URLs for
mobile-optimized sites and/or full sites.

0054} An application download mechanista 202¢ roay indicate a location (¢.g., a
digital distribution platforro 130b) where a vative application 204a can be downloaded in
the scenario where the native application 204a is not installed on the user device 200, Ifa
user 10 selects a user selectable hink 230 including an application download mechanism
202a, the user device 200 may access a digital distribution platform from which the
referenced native application 204a may be downloaded. The user device 200 may access
a digital distribution platform 130b using at least one of the web-browser application
204b and onc of the native applications 204a.

[B055] The search module 310 1s configured to receive a query wrapper 210 from the
user device 200 via the network 120. A query wrapper 210 may inchude a search query
212, which may include text, numbers, and/or symbols (e.g., punctuation) entered into the
user device 200 by the user. For example, the user 10 may enter the search gquery 212
into a search field 214 {e.g., a scarch box) of a graphical user interface (GUD) 240 of a
scarch application 216 running on the user device 200. A user may enter a scarch query
212 using a touchscreen keypad, a mechanical keypad, a speech-to-text program, or other
form of user input. In general, a search query 212 may be a request for information
retrieval {e.g., scarch results) from the search systern 300. For example, a scarch query
212 may be directed to refrieving a list of links 230 to application functionality or
application states in examples where the search system 300 is configured to gencrate a
Hist of access mechanisms 202 as search results 228, A search guery 212 directed to
retrieving a list of links 230 to application functionality may indicate a user's desire to
access functionality of one or more applications described by the search query.

[3056] In some examples, the search application 216 is a native application 204a
installed on the user device 200, For exaraple, the scarch application 216 may receive
search queries 212, generate the query wrapper 210, and display recetved data that is

included in the scarch results 220, In additional examples, the user device 200 may
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execute a web-browser application 204b that accesses a web-based search application. In
this example, the user may interact with the web-based search application via a web-
browser application 204b installed on the user device 200. In still more examples, the
functionality attributed to the scarch application 216 may be included as a scarching
component of a larger application 204 that has additional functionality. For example, the
functionality attributed to the search application 216 may be included as part of a
native/web-browser application 2044, 204b as a feature that provides scarch for the
native/web-browser application 204a, 204b.

180571 The guery wrapper 210 moay include additioval data along with the search
guery 212. For example, the query wrapper 210 may include geo-location data 218 that
indicates the location of the user device 200, such as latitude and longitude coordinates.
The user device 200 may include a global positioning system (GPS) receiver that
generates the geo-location data 218 transrmitted in the query wrapper 210, The gquery
wrapper 210 may also include an IP address 228, which the search module 310 may use
to determine the location of the user device 200, In some examples, the query wrapper
210 also 1ncludes additioval data, including, but vot hwited to, platform data 222 {e.g.,
version of the operating system 224, device type, and web-browser version), an identity
of a user of the user device 200 {¢.g., a uservame), pariner specific data, and other data,
3058} The scarch module 310 can use the scarch query 212 and the additional data
included in the query wrapper 210 to generate the search results 220, For example, the
search module 310 can determine a geo-location of the user device 200, which the search
module 310 can usc along with the scarch query 212 to generate the search results 220,
The search module 310 can determine the geo-location of the user device 200 based on
the geo-location data 218 or other data (e.g., IP address 228} included in the query
wrapper 210, In some implementations, the search module 310 detects a location {¢.g., a
postal address, street name, city name, etc. ) specified in the search guery 212 (1e, a
guery-specified location). In these implementations, the search module 310 can use the
guery-specified location along with the search query 212 to generate the search results
220.

[6459] The search module 310 performs a search for function records 338 inchuded in

the search data store 320 1 response to the received guery wrapper 210 {e.g., in response
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to the search query 212 and the geo-location data 218}, In some implementations, the
search module 310 generates result scores 226 for function records 330 identified during
the search. The result score 226 associated with a function record 330 may indicate the
relevance of the function record 330 to the search guery 212, A higher result score 226
may indicate that the function record 330 is more relevant to the secarch query 212, The
scarch module 310 may retrieve access mechanisms 202 from the scored function records
330, The scarch module 310 can transmit a result score 226 along with an access
mechanism 202 retrieved from a scored function record 330 in order to indicate the rank
of the access mechanisra 202 arong other trausmitted access mechanisms 202,

188601 The search module 310 may transmit additional data to the user device 200
along with the access mechanistas 202 and the result score(s) 226. For example, the
search module 310 may transmit data {e.g., text and/or images) to be included in the user
selectable links 230, Data for the user sclectable links 230 (e.g., text and/or images) may
be referred to heretn as "link data” {e.g., link data 230). The user device 200 displays the
uscr selectable links 230 to the user 10 based on received link data 230. Each user
selectable link 2380 way be associated with an access mechanism 202 included in the
search resulis 220, such that when a user 10 selects a link 230, the user device 200
taunches the application 204 referenced n the access roechanism 202 and sets the
application 204 into the state specified by the access mechanism 202.

16661} With reference to FIG. 2, the user device 200 may receive a set of scarch
results 220 from the search module 3190 in response to transmission of the query wrapper
210 to the search system 300. The GUI 240 of the scarch application 216 displays {e.g.,
renders) the search results 220 received from the search module 310, The search
application 216 may display the scarch results 220 to the user in a variety of different
ways, depending on what information is transmitted to the user device 200, In exaroples
where the search resulis 228 include a list of access mechanisms 202 and link data 232,
the search application 216 way display the search results 220 to the user 10 as a list of
user selectable links 230 including text and images. The text and images in the links 230
may inchude application names associated with the access mechanisms 202, text
deseribing the access mechanisms 202, images associated with the application 204

referenced by the access mechanisros 202 (¢.g., application icons), and images associated
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with the application state {¢.g., application screen images) defined by the access
mechamsros 202,

[6062] In some implementations, the search application 216 displays the search
results 220 as a bist of links 230 arranged under the scarch field 214 in which the user 10
entered the search query 212. Moreover, the scarch application 216 may arrange the
Huks 230 10 order based on result scores 226 assoctated with the access mechanisms 202
included in the hinks 230, In some exarples, the search application 216 groups the links
230 together if the links 230 are related to the same application 204,

108631 Each of the links 230 includes link data 232, For example, cach of the links
230 includes an image {¢.g., an icon} and text {¢.g., an application or business name) that
may describe an application and a state of an application. Each of the links 230 may
include an access mechanism so that if a user selecis one of links 230, the user device 200
taunches the application and scts the application mnto a state that is specified by the access
mechanism associated with the selected link. In some implementations, the user device
200 arranges the links 230 based on result scores associated with the access mechanisms
included in the hnks 230, In some implementations, as tustrated in FIG. 2, hioks 230 for
the same application 204 are combined together in the search results 220 displayed to the
user 19.

8064 With respect to FIG. 2, it may be assumed that the YELP® native application
developed by Yelp, Inc., and the TRIPADVISOR® native application developed by
TripAdvisor, Inc., are installed on the user device 200, Links 230-1, 230-2 and link 230-
3 reference the YELP® native application and the TRIPADVISOR® native application,
respectively, The GUI 240 inchudes a header 242, including the name "Yelp,” under
which the links 230-1, 230-2 arc arranged. The header 242 may indicate that the links
230-1, 230-2 arranged below the header 242 are associated with the YELP® native
application 204a. Selection of link 230-1 may cause the user device 200 to launch the
YELP® native application 204a and retrieve an IHOP® restaurant enfry of the YELP®
native application 204a. Selection of link 230-2 may cause the user device 200 to launch
the YELP® native application 204a and retrieve a DENNY 'S® restaurant entry of the
YELP® native application 204a. Selection of link 230-3 may cause the user device 200

to launch the TRIPADVISOR® native application 204a and retrieve an entry for "Late
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night diners” in the TRIPADVISOR® native application 204a (¢.g., a search for "Late
night diners™).

[6065] Link 2304 includes a web access mechanism 202b {¢.g., 8 URL). Selection
of link 230-4 may cause the user device 200 to launch the web-browser application 204b
and retrieve an entry for "Late night diners” in the OPENTABLE® web-browser
application 204b developed by OpenTable, Inc. Link 230-5 includes an application
download mechanism 202¢ for the URBANSPOON® native application 204a by
InterActiveCorp. Sclection of link 230-5 may cause the user device 200 to access a
digital distribution platform 130b (FIG. 1B) from which the URBANSPOON® native
application 204a can be downloaded and/or previewed. The scarch module 310 can be
configured to transmit any cornbination of application access mechanisms 202a, web
access mechanisms 202b, and application download mechanisms 202¢ in the search
results 220,

18866} In some examples, user devices 200 communicate with the search system 300
via a partner computing system (not illustrated). The partner computing system may be a
computing system of a third party that may leverage the scarch functiounality of the search
system: 300. The partner computing system may belong to a company or organization
other than that which operates the search systera 300, Exarple thivd parties, which may
feverage the functionality of the search system 300 may include, but are not Himited to,
iternet search providers and wireless comumunications service providers. The user
devices 200 may send scarch queries to the search system 300 and receive search results
via the partner computing system. The partner computing system may provide a user
interface to the user devices 200 in some examples and/or modify the scarch experience
provided on the user devices 200.

16067} FIG. 1B shows a plurality of data sources 130, The data sources 130 may be
sources of data which the search system 300 (e.g., the scarch module 310) may use to
generate and update the scarch data store 320, The data rettieved from the data sources
138 can include any type of data related to application functionality and/or application
states. Data retricved from the data sources 130 may be used to create and/or update one
or more databases, indices, tables (e.g., an access table}, files, or other data structures

mcluded in the scarch data store 320, For example, function records 330 may be created
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and updated based on data retrieved from the data sources 130, In some examples, some
data included in a data source 130 18 manually generated by a human operator. Data
inchided in the function records 330 may be updated over time so that the search system
300 provides up-to-date results.

[ B068] The data sources 130 may include a variety of different data providers. The
data sources 130 may mnchude data from application developers 130a, such as application
developers’ websites and data feeds provided by developers. The data sources 130 may
include operators of digital distribution platforms 130b configured to distribute native
applications 204a to user devices 200. Example digital distribotion platforms 130b
include, but are not himited to, the GOOGLE PLAY® digital distribution platform by
Google, Inc., the APP STORE® digital distribution platform by Apple, Inc., and
WINDOWS PHONE® Store developed by Microsoft Corporation.

16869} The data sources 130 may also include other websites, such as websites that
include web logs 130¢ {i.e., blogs), application review websites 130d, or other websites
including data related to applications. Additionally, the data sources 130 may include
social networking sites 130e, such as "FACEBOOK®" by Facebook, Inc. {e.g., Facebook
posts) and "TWITTER®" by Twitter Inc. {e.g., text from tweets). Data sources 130 may
also include online databases 130f that include, but are not fimited to, data related 10
movigs, telovision programs, music, and restaurants. Data sources 130 may also inclade
additional types of data sources in addition to the data sources described above., Different
data sources 130 may have their own content and update rate.

16676} Referring to FIGS. 3A and 3B, the search data store 320 includes a plurality of
different function records 330, Each function record 330 may include data related to a
function of an application 204 and/or the state of the application 204 resulting from
performance of the function. A function record 330 may include a function wdentifier
(1D} 332, entity function record location data 336, application state information 334, and
one or more access mechanisms 202, 202a, 202b, 202¢ used to access fimctionality
provided by an application 204,

18671 The function ID 332 may be used to identity the function record 330 among
the other function records 330 included in the search data store 320. The function 1D 332

may be a string of alphabetic, numeric, and/or symbolic characters {e.g., punctuation
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marks} that uniquely identifics the associated function record 330, In some examples, the
function 1D 332 describes a function and/or an application state in human readable form.
For example, the function 12 332 may include the name of the application 204 referenced
in the access ruechanism{s) 202, Additionally or alternatively, the function 1D 332 may
be a human readable string that describes a function performed according to the access
mechanisras} 202 and/or an application state resulting from performance of the function
according to the access mechamism{s) 202, In some examples, the function ID 332
includes a string in the format of 2 uniform resource locator (URL) of a web access
wechanism 202b for the function record 3380, which may unquely identify the function
record 330

18672} In a more specific example, if the function record 330 describes a function of
the YELP® native application, the function 1D 332 may include the name "Yelp" along
with a deseription of the application state described in the application state information
334, For example, the function 1D 332 for a function record 330 that describes the
restaurant named "The French Laundry” may be "Yelp - The French Laundry.” In an
exarple where the function 1D 332 inchudes a string 1 the format of a URL, the function
12 332 may inchade the following string "http//www.yelp.com/biz/the-french-laundry-
yountville-27ob=1" to vniquely identify the function record 330. In additional examples,
the function {2 332 may include a URL using a namespace other than "http://," such as
"fune:/,” which may indicate that the URL 1s being used as a function 1D in a function
record. For example, the function 1D 332 may inchide the following string

"func://www. yclp.com/biz/the-tfrench-laundry-yountville-27ob=1."

18073 The application state information 334 may include data that describes an
application state into which an application 204 is sct according to the access
mechamsmis} 202 in the function record 330, Additionally or alternatively, the
application state information 334 may include data that describes the function performed
according to the access mechanism(s) 202 included n the function record 330, The
application state information 334 may include a variety of different types of data, such as
structured, semi-structured, and/or unstructured data. The application state information

334 may be auwtomatically and/or manually generated based on documents retrieved from
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the data sources 130, Moreover, the application state information 334 may be updated so
that up-~-to-date scarch resalts 220 can be provided in response to a search query 212,
6674} In some examples, the application state information 334 includes data that
may be presented to the user 10 by an apphication 204 when the application 204 is set in
the application state defined by the access mechanismis) 202, For example, if one of the
access mechanism(s) 202 15 an application access mechanism 202z, the application state
information 334 may inchude data that describes a state of the native application 204a
after the user device 200 has performed the one or more operations indicated in the
application access mechanism 202a. For example, if the function record 330 is
associated with a shopping application, the application state information 334 may inchade
data that describes products {¢.g., names and prices) that are shown when the shopping
application is set to the application state defined by the access mechanism(s) 202, As
another example, if the function record 330 18 associated with a music player application,
the application state information 334 may include data that describes a song (e.g., name
and artist} that is played when the music player application is set to the application state
defined by the access mechanism(s) 202,

[6G75] The types of data included in the application state information 334 may
depend on the type of information associated with the application state and the
functionality defined by the access mechanisns) 202, For example, if the function
record 330 1s for an application 204 that provides revicws of restaurants, the apphication
state information 334 may include information {¢.g., text and numbers) related to a
restaurant, such as g category of the restaurant, reviews of the restaurant, and a menu for
the restaurant. In this example, the access mechanism(s) 202 may cause the application
204 {e.g., a native application 204a or a web-browser application 204b) to launch and
retrieve information for the restaurant. As another exarmple, if the function record 330 1s
for an application 204 that plays music, the application state iformation 334 may inclade
information related to a song, such as the name of the soug, the artist, lyrics, and listener
reviews. In this example, the access mechanism(s) 202 may cause the application 204 to
launch and play the song described in the application state information 334.

[6G76] The entity function record location data 336 may define 8 geo-location

associated with the function record 330, For example, the geo-location defined by the
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entity function record location data 336 may be a geo-location or some other data
indicative of a location of a place described n the application state mformation 334, For
example, if the access mechanism(s) 202 provide access to reviews of a specific
restaurant in Mountain View, CA, then the entity function record location data 336 may
define a geo-location {¢.g., latitude and longitude coordinates) of the specific restaurant, a
street address of the restaurant, a visual description of the location {e.g., a human
recognizable description based on landmarks and relative distances), or some other
focation description.

186771 FIG. 3B shows an example function record 330 associated with the
OPENTABLE® application, developed by OpenTable, Inc. The OPENTABLE®
application 18 a restaurant-reservation application that allows users to search for
restaurants and make restaurant reservations. The OPENTABLE® application provides
mforrmation about restaurants including descriptions of restaurants and user reviews of
the restaurants. The example function record 330 of FIG. 3B describes an application
state of the OPENTABLE® application in which the OPENTABLE® application
accesses information for THE FRENCH LAUNDRY® restaurant.

[6478] The example function record 330 includes a function 1D 332 of
“OPENTABLE ~ THE FRENCH LAUNDRY.,” which may be used as a unigue identifier
to identify the function record 330, In other examples, the function 1D 332 could inclade
a URL as a unique identifier for the function record 330, For example, the function 1D
332 may include the string "http//'www.opentable.com/the-french-laundry™ as a unique
wdentificr for the function record 330, As described herein, such a function 1D may be
included in a web access mechanism 2020 of a function record 330, As another example,
the function 12 332 may have a different namespace than "hitp://," such as "func//." In
yet another example, the function 1D 332 could be a string of characters, numbers, and/ot
symtbols that are not in human readable form. Each example is optional and may be
combined with other exarmples.

18079 The example application state information 334 inchides data fields 3353, such
as a category 335a of THE FRENCH LAUNDRY® restaurant, a description 335b of
THE FRENCH LAUNDRY® restaurant, user reviews 335¢ of THE FRENCH

LAUNDRY® restaurant, and additional data fields 335, The restaurant category 335a
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field may include the text "French cuisine” and "contemporary,” for example. The
description field 335b may 1nclude text that describes THE FRENCH LAUNDRY®
restaurant. The user reviews field 335¢ may include text of user reviews for THE
FRENCH LAUNDRY® restaurant. The additional data ficlds 335 may inchude
additional data for THE FRENCH LAUNDRY® restaurant that may not specifically fit
within the other defined fields, such as a menu for the restaurant, prices, and operating
hours for the restaurant.

[6G88] The function record 330 includes one or more access mechanismis) 202, The
access mechanisrols) 202 may mclude a reference to the OPENTABLE® application
204. An example application access mechanism 202a for the function record 330 may
inelude a reference to the OPENTABLE® native application 2044 along with one or
more operations to be performed by the user device 200. For example, the application
access mechanisra 2022 may melude an application resource wdentifier and/or one or
more operations that cause the user device 200 to access the entry for THE FRENCH
LAUNDRY® restaurant in the OPENTABLE® native application. An example
application resource identifier may be
"vnd.opentable.deeplink://opentable.com/restaurant/profilerid=1180&refid=1." The
function record 330 inchudes entity function record location data 336 that includes the
geo-lgcation {e.g., latitude and longitude) of THE FRENCH LAUNDRY® restaurant.
6081 Referring to FIG. 4A, the entity data store 420 includes a plurality of different
entity records 430. Each entity record 430 may include data related to an entity 402
(F1G. 4B). The entity 402 can be any business or place with a geolocation {e.g.,
restaurants, bars, gas stations, supermarkets, movie theaters, doctor offices, parks, and
libraries, etc.). An entity record 430 may include an entity identifier (10} 432, an entity
name 433, cotity location data 436 {¢.g., geolocation data), an entity category 438 {and
optionally one or more sub-categorics 438a-438n), and entity information 434,

18082} The entity 1D 432 may be used to identify the entity record 430 among the
other entity records 430 included in the entity data store 420, The entity {2 432 may be a
string of alphabetic, numerie, and/or symbolic characters (e.g., punctuation marks) that
uniquely identifics the associated entity record 430, In some examples, the entity 13 432

describes the entity 402 in human readable form. For example, the cutity 1D 432 may
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include the name string of the entity 402 or a human readable identifying the entity 402.
In some examples, the entity 1D 432 includes a string in the format of a aniform resource
focator (URL}.

[0083] In a more specific example, 1f the entity record 430 describes g restaurant
named QDOBA® (QDOBA is a registered trademark of (doba Restaurant Corporation),
both the entity 1D 432 and the cntity name 433 for the entity record 430 can be "Qdoba.”
In an example where the entity 1D 432 mceludes a string 1 human readable form and/or a
URL, the entity 1D 432 may include the following string "Qdoba, 42967 Woodward
Avenue, Bloomfield Towuship, MI 48304" to uniquely identify the entity record 430.
Other unique identifiers are possible as well, such a store number.

6084 The entity information 434 may mclude any information about the entity 402,
such as text (e.g., description, reviews) and numbers (e.g., number of reviews). This
mformation may even be redundant to other information contained in the entity record
438, but optionally structured for display, for exampie. The entity information 434 may
include a variety of different types of data, such as structured, semi-structured, and/or
unstructured data. Moreover, the entity information 434 may be automatically and/or
manually generated based on documents retrieved from the data sources 130.

[B08S5] In some exaraples, the entity iformation 434 includes data that is presented to
the user 10 by an application 204 when the application 204 is set in the application state
defined by the access mechanista(s) 202, For example, if onc of the access mechanism(s)
202 is an application access mechanism 2023, the entity information 434 may be used in
conjunction with the apphication state information 434 of a function record 330 to
describe a state of the native application 204a after the user device 200 has performed the
one or more operations indicated in the application access mechanism 202a.

16086} The entity location data 436 may include data that describes a location of the
entity 402. This data may include a geolocation {¢.g., latitude and longitude coordinates),
a street address, or any information that can be used to wdentify the location of the entity
402 within a geographical arca. [n some implementations, the entity location data 436
defines a geo-location associated with the function record 330,

[6G87] The entity category 438 provides a classification or grouping of the entity 402.

Maorcover, the entity category can have one or more sub-categorics to further classity the
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entity 402. For example, the entity record 430 could have an entity category 438 of
“restaurant” and a sub-category 438a a type of cuisine, such as "French cuisine” or
"contemporary.” Any number of sub-categories 438a-438n may be assigned to classify
the entity 402 for use during a search.

[ BORE] Referring to FIGS. 18 and 4B-4H, the entity system 400 includes an entity
processing module 410 in compnunication with an cntity data store 420, The entity
processing module 410 determines a local entity density D {also referved to as “entity
density”’) of entitics 402 at different geographical locations. The search module 310
receives the local entity density D from the enfity system 400 and may use the local entity
density I when executing a secarch.

[B08%] In sorac implementations, for a given entity category 438, such as a restaurant,
the entity processing module 410 determines a local density IJ of entities 402 of that
category 438 {c.g., restaurants ) about 4 particular geolocation. Having a lot of entitics
402 in a particular place or a few entities in a particular place may affect how the search
module 310 conducts its search or generates scarch results 220, The search module 310
may filter function records 330 and/or score funchion records 330 based on the local
entity density . For example, if a user 10 {e.g., user’s location} is in New York City, the
user 10 may hikely want results that are closer 1o proximity to the user 10, thanif the user
10 is in Montana, where entitics 402 arc generally more dispersed about a geographical
arca. In other implerentations, the entity processing module 410 determines a local
density D of entities 402 without any regard to the entity category 438. In other words,
the entity processing module 410 may optionally use the entity category 438 when
determining the local density D of entities 402.

[8096] Referring to FIG. 4B, the entity processing module 410 generates an entity
density grid 440 (hereafter referred to as a density grid) of a general geographical area
447. In some implementations, the density grid 440 includes latitude lines 442 and
fougitude lines 444 spaced by a coromon increraent, such as 0.01 degree. The entity
processing module 410 may initialize the density grid 440 with a latitude-longitade line
spacing S based on the nurmber of entitics 402 in the general geographical arca 447 or a
predetermined value associated with the geographical arca 447, For example, a deusity

grid 440 for New York, which 15 densely populated, may have a smualier latitnde-
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fongitude line spacing S than a density grid 440 for Montana, which is relatively much
less densely populated. The entity density grid 440 includes nodes N at every
intersection of the latitude and longitude lines 442, 444, As illustrated in the figures, the
nodes N are regularly spaced on the latitude and longitude lines 442, 444; however, in
other examples, the nodes N may be spaced at varying intervals. The geo-location of
cach node N is defined by a latitude value and a longitude value. Each node N has an
entity density value D that indicates the nurber of entities 402 in the arca surrounding
the node N. The entity processing module 410 may store the entity density grid 440 {(or
pertinent data thereof) 1o the entity data store 420. In some examyples, the entity
processing module 410 stores map coordinates (1.¢., latitude and longitude pairs) of the
nodes N and the entity density values D associated with those coordinates (nodes Ny
Auy coordinate not found in the entity data store 420 may have an assumed entity density
value D of zero at search time. Moreover, one or more cutity density values D roay have
a value of zero {(e.g., when no entities 402 exist nearby).

80691 A single entity 402 may coniribute to onc or more entity density values D at
one or more nodes N, The entity deunsity value B associated with a node N may be larger
in arcas where more entities 402 (e.g., businesses) are located. For example, entity
density values D may be larger for downtown New York City, NY than for Kearney, NE.
The entity density D associated with a node N may be initialized to a value of 0.
Subseqguently, the entity density D may be increased based on the number of entitics 402
in the arca. The entity density D may be a decimal value in some examples. In other
examples, the entity density value may be an integer.

8092} FIG. 4C sllustrates an example entity density grid 440 overlaid on a map 446
of a geographical arca 447. The map 446 includes one or more entitics 402 in their
respective geolocations. In the example shown, there are roore entities 402 about a first
node N1 than a second node N2, Accordingly, in some examples, the entity processing
wodule 410 associates a higher local entity deunsity D1 with the furst node N1 thau a local
entity density D2 associated the second Node N2. In other examples, the entity
processing module 410 increases the local entity density D1 with the first node NI more
than the local entity density D2 associated the second Node N2 or simiply increases the

focal entity density D1 with the first node N1, while not changing the local entity density
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D2 associated the second Node N2, A “final” local entity density value Dy (e.g., an
entity density value D after taking into account all enfities 402 wn the entity density gnd
44() may be a sum of the contributions of individual entities 402, The entity processing
modulc 410 may execute one or more different technigues for calculating entity densities
D

[6693] FIG. 4D illustrates an exaraple single point calculation exccuted by the entity
processing module 410 to determine a local entity density D associated with a node N,
N1-N9. The entity processing module 410, for cach entity 402 in the entity density grid
440, calculates the entity density D at one or more nodes N, In some implemcutations,
for cach entity 402, the entity processing module 410 assigns a value {c.g., integer or
decimal value) to the closest node N, In the example shown, the entity 402 has a location
distance L5 to node N3 that is shorter than any other locations distances to L1, L2, L4 to
other adjacent nodes N1, N2, N4. Accordingly, the entity processing module 410 assigns
an entity density B35 to node N3, for example, by tnerementing or increasing the entity
density D5 associated with node NS, While the example illustrates incrementing the
entity density 135 by an integer value, the cutity density can also be increased by some
other value, such as a weighted value. Moreover, the weighted value could be based on
one or more of the location distances 1.1, L2, L4, L3,

80694 Referring to FIG. 4E, in some implementations, the entity processing module
410 mercments or increases an entity density D associated with cach node N near the
entity 402. In the example shown, the entity processing module 410 tncrements or
mcreases the entity denstties D1, D2, D4, D3 of the adjacent nodes N1, N2, N4, N3 about
the entity 402. Moreover, the entity processing module 410, in some examples, increases
the entity densities D1, D2, D4, D35 of the adjacent nodes N1, N2, N4, N5 by weighted
values based on the corresponding location distances L1, 1.2, L4, LS. For example, the
entity processing module 410 may assign an entity density D to nodes N based on the
distance of the nodes N to the entity 402, Closer nodes N may be assigned larger entity
density values D, In FIG. 4C, node N3 is assigned the largest entity density D3, because
its location distance L1 is the shortest distance. Meanwhile, node N1 is assigned a
smaller entity density 31, because its location distance L1 is the longest distance. In

these exaraples, the entity densitics D assigned to the nodes N for a single entity 402 may
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be determined based on a function that yvields smaller values as the distance increases
{¢.g., a decay function, such as a gradicot decay function that provides an indication of
entity density even in very low density areas). An example function inchades the
following cquation.

D = [/{distancet1} {1
18095] In some cxamples, entity density values D is assigned to just those nodes N
that iromediately surtound the eotity 402 (e.g., nodes N1, N2, N4, NS}, Inother
cxamples, entity density values D may be assigned to more distant nodes N than just the
wost immediate nodes that surround the entity 402,
[8096] FIG. 4F ilhustrates assigning a user entity density Dy to a user 10 basedon a
geolocation of the user 10, The entity system 400 receives the geolocation of the user 10
or location indicative data from the user device 200 {e.g., via the search system 300}, For
example, the query wrapper 210 may include the search query 212 and a geo-location or
focation indicative data of the user device 200 as determined by a GPS receiver of the
user device 200, In some examples, the entity system 400 receives an Internet protocol
(1P address from the user device 200 or a remote systern 120 in communication with the
user device 200. The search system 300 or the entity system 400 executes a look-up on
the IP address and assigns a corresponding geolocation. For exarple, if the look-up
result indicates that the user is in Mountain View, California, the search system 300 or
the entity systern 400 may assign a city conter geolocation. In the example shown, based
on the geolocation of the user 10, the entity processing module 410 identifies the user 10
as being located nearest to node N1Q. The entity processing module 410 may send the
entity density value 210 associated with node N18 to the search module 310, which can
filter and sort function records 330 and generate the scarch results 220 based on the
received eutity deusity D, D10,
{6097} An entity density value Dy may be assigned to the user device 200 in other
ways. In some examples, one or more entity density values I are used by the entity
processing module 410 to generate an entity density value Dy for the user device 200.
For cxample, the user device 200 may be assigned an entity density value Dy that s
based on the surrounding entity density vahies D, as weighted by the distance of the

nodes N from the user device 200,
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8098 FIGS. 4G and 4H provide exemplary arrangements of operations for methods
450, 460 of generating an entity density grid 440. FIG. 4G dlustrates a general method
450 for all types of entities 402, FIG. 4H illustrates a method 460 directed to generating
an entity density grid 440 for entitics 402 of a single category 438 {e.g., restaurant
entities, gas station entities, coffee shop entities).

168991 In FIG. 4G, the method 450 includes, at block 452, gencrating an initial entity
density grid 440. This may optionally include selecting a gnd resolution and/or node
dispersing {¢.g., regular intervals or varied). This may also optionally include imitializing
the entity deusity values D associated with each node N {(e.g., imtializing to zero). The
method 450 includes, at block 454, for cach entity 402, determining the entity density
values I for one or more nodes N, In other words, the method 450 includes determining
the entity density values I» for one or more nodes N in the density grid 440 while
terating one entity 402 at a time until all the entities 402 have been accounted for, by
determining, at block 456, if a next unprocessed entity 402 exists in the entity data store
420 or a subset of entities 402 1n the data store 420 that reside in the entity density grid
440, In some implementations, the method 450 includes assigning an entity density D to
one node N {e.g., a closest node N to the entity 402); while in other implementations, the
wethod 450 juclades assigning an entity deusity D to multiple nodes N about the enfity
402 {c.g., based on location distance between the entity 402 and the nodes N}, The
method further includes, at block 438, storing the entity density grid 440 in the entity data
store 420 or other non-transttory memory or storage for later use {e.g., filtering and/or
scoring during scarch).

[B6168] In FIG. 4H, the method 460 includes, at block 462, generating an initial entity
density grid 440, which may optionally include selecting a grid resolution and/or node
dispersing {e.g., regular intervals or varied). This may also optionally include imtializing
the entity density values D associated with each node N (e.g., inttializing to zero). The
wmethod 450 1uclades, at block 463, selecting entities 402 for a specific category 438 and
using the selected entities 402 to make a category-specific entity density grid 440. For
exarupie, the method 460 may include sclecting all entitics 402 for the restaurant category
438. The method 450 includes, at block 464, for cach entity 402, determining the entity

density values D for one or more nodes N {¢.g., as discussed above) while tterating one
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sclected entity 402 at a time until all the selected entities 402 have been accounted for by
deterroining, at block 466, if a next entity 402 exists in a hst of selected entities 402, The
method further includes, at block 468, storing the entity density grid 440 in the entity data
store 420 or other non-transitory memery or storage for later use {c.g., filtering and/or
scoring during search}. There could be multiple different entity density grids of different
categories/subcategories.

(60185} FIGS. SA and SB provide example arrangeroents of operations for a method
500 of performing a location-based search. The method 500 is described with respect to
the user device 200, the search system 300, the search module 3190, the entity system 400,
and the entity module 410 as illustrated in FIG. 2. In block 502, the search module 310
receives the query wrapper 210, In block 504, the search module 310 determines the
geographic location {i.¢., geo-location) of the user device 200 based on data included in
the query wrapper 210,

186162  In some examples, the search module 310 determines the geo-location of the
user device 200 in terms of latitude and longitude values that indicate the latitude and
longitude of the user device 200, The search module 310 may determine the geo-location
of the user device 200 in toerms of an address, such as a postal address (e.g., a street
address, zip code, and/or city name). The geo-location of the user device 200 deterroned
by the search module 310 may be a point location {(e.g., a latitude/longitude or a postal
address). The user device 200 may generate geo-location data 218 (¢.g., latitude and
fongitude) and the query wrapper 210 including the geo-location data 218, In some
examples, the scarch module 310 determines the geo-location of the user device 200
based on data {e.g., an IP address 228) included in the query wrapper 210. For example,
the search module 310 may look up the location of the user device 200 using the IP
address 228. The search module 310 way cormunicate with a remote server 110 that
can provide geo-location data for the user device 200 based on the IP address 228,
[88163] At block 506, the rocthod 500 meludes determining the entity density value D.
The search module 310 determines the entity density value I associated with the user
device 200, for example, by communicating with the cntity svstem 400, and m particular,
the entity processing module 410. The entity processing module 410 receives the geo-

focation data 218, as supplicd by the query wrapper 210, from the search medule 310,
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determines an entity density value D associated with a geo-location and transmits the
entity density value B3 back to the search module 318, The entity processing module 410
may generate an entity density grid 440 and determine the entity density value B
associated with the geo-location of the user device 200 using the technigues described
above.

186164]  In the example shown in FIG. 5B, the method 500 inchudes, at block 567,
deterroining a geographical arca 404 (FIG. 4F) around the user 10 based on the entity
density value D. The size of the area 404 may be inversely proportional to the entity
density value D Moreover, while a circle 1s shown, the shape of the arca 404 can be any
geometric shape. For example, the scarch module 310 may circumseribe a relatively
smaller arca 404 about the user 10 for a relatively large entity density value D and vice-
Versa.

186165}  For exarmple, the scarch system 300 may filter out entities 402 located outside
of the geographic arca 404. This is a “hard filter” scenario. In other examples, the search
system 300 usecs the geographic area 404 to determine a relevance score 226 (ic., a
relevance of the search results 220 to the search query 212). In some examples, the
scarch system 300 scores a search result 220 based on whether the entity 402 is located
withio the geographic area 404 or outside of the geographic arca 404 (e.g., higher scores
inside of arca 404 than outside). This can be implemented in a /1 scoring feature
indicating inside/outside. 1t could also be roplemented as a weighting factor for the
relevance. Other scoring strategies could also be implemented, such as scoring based on
how far outside the geographic arca 404 the cntity 402 1s located.

[38186]  In some scenarios, the search system 300 may generate a smaller geographic
arca 404 for a greater entity density value D, In this scenario, the search results 220
returned to the user 10 may be for places that are closer to the user 10, In a more densely
populated area 404, it is assumed that the user 10 would more likely desire entities 402
that are relatively close to the user 10, I the entity deusity value D 1s swmaller, the
geographic area 404 around the user 10 may be enlarged. The search system 300 uses the
assumption that in a less densely populated arca, the entities 402 may tend to be located

farther from the user 10,
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[88167] The geographic area 404 may be a geometric shape, such as a circle or
rectangle. In the example where the geometric shape 1s a circle, the search system 300
may modify a radius value to modify the size of the geographic arca 404, In the cascof a
rectangle, the search systermn may modify a width/length to modify the size of the
geographic area 404.

[00168] At block 508, the method 500 includes generating the search results 220. The
search system 300 {¢.g., 1o particular, the secarch module 310) may generate the search
results 220 based on the entity density value D In some implementations, as shown in
FIG. SB, the search module 310 generates the search resulis 220 based on the determined
geographical area 404 around the user 10, which is based on the entity density value D.
The search module may use the arca 404 to filter search results 220,

(66189}  Finally, at block 510, the method 500 includes transmitting the search results
228 to the user device 200, The scarch module 310 may deliver the search resulis 220,
which can include access mechanisms 202, resulis scores 226, and/or link data 232.
180116} FIG. 6 provides an example arrangement of operations for a method 600 of
generating search results {¢.g., at block 308). The rocthod 600 15 described with respect
to the user device 200, the search module 310, and the data store 320 as illustrated in
FiG. 2.

[80111] At block 602, the method 600 includes identifying function records 330 based
on a scarch query 212, The scarch module 310 identifics function records 330 in the
search data store 320 based on the search guery 212 received in the query wrapper 218.
The scarch module 310 may execute the search based on the geo-location data 218 and/or
a geographical arca 404 about the user device 200. For example, the search module 310
may identify function records 330 in the search data store 320 by detecting search term
matches between terms (i.¢., words) of the search query 212 and terms included in the
application state information of the function records 330, Some, or all, of the function
records 330 wdentified in block 506 may include location data 336 that the search module
310 may use to filter and/or score the function records 330, Moreover, the entity system
400 may supply the location data 336 of the function record 330. H location data 218,
336 is not available, the search module 310 can execute its search without use of location

of the user device 200 or entities 402 about the user device 200, In sttuations where

30



[91]

1R
o

WO 2016/003639 PCT/US2015/035962

location data 218, 336 is not available, the search module 310 may cstimate a location of
the user device 200 using information in the search query 212, For example, if the user
searches for an entity 402, such as ZINGERMAN'S® (a registered trademark of
Zingerman's Delicatessen), which is only located 1o Ann Arbor, M, the search system
300 may estimate a location of the user 10 at the city center of Ann Arbor, Mi or on Main
street of Ann Arbor, ML

[6G1352] At block 604, the method 600 includes selecting a consideration set 350 of
function records 330, The search module 310 selects a set 350 of function records 330
from those function records 330 identified at block 602, The selected set 350 of function
records 330 may be referred to as a "consideration set” of function records 330 and/or
function wdentifier 332 of those function records 330. The scarch module 310 may score
the consideration set 350 of function records 330 and include information from the
consideration set 350 of function records 330 in the scarch results 220, The scarch
module 310 may filter the consideration set 350 of function records 330 based on the
entity density value D, or more specifically, a geographical arca 404 determined by the
search module 310, based on the entity density value D,

(66113} For example, the scarch module 310 may select function records 330 having
focations that are juside of the geographic arca 404 around the user device 200, v some
exarnplics, the consideration set 350 is not filtered. In these examples, all of the function
records 330 of the consideration set 350 are scored by the search module 310 {(e.g., the sct
processing module 804 (FIG. 8). The scoring can be done based on whether the entity
492 1s located within the geographic arca 404 around the user device 200 and even where
the entity 402 1s located relative to the geographic arca 404 (¢.g., inside/outside or how
far mside/outside of the geographical area 404). In additional implementations, the entity
density D assigned to a user 10 is used for scoring the function records 330,

(66134} At block 606, the method 600 inclndes scoring the consideration set 350 of
function records 330. For example, the search module 310 may generate a score {e.g., a
result score 226) for each of the function records 330 that indicates the relevance of the
function record 330 to the search query 212.

(66115 At block 608, the method 600 includes selecting one or more access

mechanisms 202 from the function records 338 for transmission in the search results 220,
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For example, the search module 310 may select access mechanisms 202 from the
function records 330 associated with the largest result scores 226 determined at block
606. In some implementations, the scarch module 310 determines which access
mechanisms 202 are compatible with the user device 200 based on the platform data 222,
In these implementations, the search module 310 may transmit a subset of the access
mechanisias 202 frorm the selected function records 330, which are compatible with the
aser device 200 (e.g., based on OS version, web browser version, and/or device type).
(66116} FIG. 7 provides an example arrangement of operations for a method 700 of
operating a user device 200, It may be assurued that the user device 200 described
according to the method 700 includes a search application 216 {c.g., a native application
204a or web-browser application 204b) configured to communicate with the scarch
system 300,

1861171 At block 702, the method 700 includes receiving a query wrapper 210 from a
user 18, In some implementations, the search application 216 executing on the user
device 200 receives the search query 212 from of the user 10. At block 704, the method
includes geoerating and trausmitting query wrapper 210 to the search system 300, In
some implementations, the user device 200 generates and transmits the query wrapper
210 to the search system 300, At block 706, the method 700 includes watting for receipt
of the scarch results 220, For example, the user device 200 waits for receipt of the search
results 220 from the search systern 300, The method 700 continues to block 708 when
the user device 200 recetves the search results 220 from the scarch system 300, The
search results 220 may include a list of access mechanisms 202 and optionally result
scores 2206 associated with the access mechanisms 202, Additionally, the search results
220 may optionally include link data 230 (c.g., text and/or images) for the access
mechamsrms 202, The search application 216 yoay generate user selectable hinks 230
the GUI 240 based on the recetved link data 230.

[B8118] At block 708, the rocthod 700 includes generating user selectable links 230
based on the search results 220, The search application 216 may generate the user
sclectable links 230, At block 710, the method ncludes waiting for a user selection of a
ik 230. The search application 216 may wait for the user 10 to sclect one of the user

selectable links 230 before operation proceeds to block 712, When the user 10 sclects
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{(e.g., touches) one of the links 230, the method 700 includes launching an application 204
assoctated with the link 230, For example, in response to selection of a link 230
including an access mechanism 202, the user device 200 launches the application 204
referenced i the access rocchanism 202 and performs one or more operations indicated
in the access mechanism 202 in block 712,

(80119} FIG. 8 shows an cxample scarch module 310 that includes a query analysis
module 800, a consideration set generation module 802 (heremafter "set generation
module 802", and a consideration sct processing module 804 (hereinafter "set processing
wodule 8047y, The query analysis module 800 receives the guery wrapper 210 and
analyzes the received scarch query 212, The query analysis module 800 may perform
various analysis operations on the received search query 212, which roay include, but are
not Himited to, tokenization of the search query 212, filtering of the search query 212,
steraming, synonymization, and stop word removal. In some implementations, the guery
analysis module 800 detects a gquery-specified location included in the search query 212,
[8812¢] The st generation module 802 identifies a plurality of function records 330
based on the received search query 212, In some examples, the set generation module
%02 identifics the function records 330 based on matches between terms of the search
guery 212 and terms in the function records 330, For example, the set geveration wodule
802 may identify the function records 330 based on matches between tokens generated by
the query analysis raodule 800 and words included n the function records 330, such as
words inchuded in the function [Ds 332and/or the application state information 334,
186121} The sct generation module 802 may then determinge a scarch location to use
for generation of a consideration set 350 of function records 330, I the query analysis
module 800 determines that the search query 212 does not include a location, the set
generation module 802 may set the search location to the location of the user device 200,
as determined based on other data inchided in the query wrapper 210, such as geo-
focation data indicating latitude and longitude of the user device 200.

186122  The consideration set 350 of function records 330 may refer to the function
records 330 that arc to be scored by the set processing roodule 804, The set gencration
module 802 may determine the geo-location of the user device 200 based on data

mcluded in the query wrapper 210, In additional examples, if the query analysis module
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800 detects a query-specified location, the set generation module 802 uses the query-
specified location as the search location. In some examples, the set generation module
&02Z uses the geo-location of the user device 200 as the search location {e.g., to filter
function records 330 based on location). Moreover, the set generation module 802 may
optionally determine a geographical arca 404 {of any shape} about the geo-location of the
user device 200 and use the arca 404 for filter out function records 330 not within or
about the arca 404. The set generation wodule 802 may execute a hard filter that
exchudes function records 330 not within the arca 404, weight/score function records 330
withio the area 404, and/or attribute a greater significance to function records 330 within
the arca 404.

180123} The set processing module 804 may score the function records 330 in the
constderation set 350 in order to generate a set of search results 220, The scores 226
associated with the function records 330 may be referred to as "result scores.” The set
processing module 804 may determine a result score 226 for each of the function records
330 in the consideration set 350, The result scores 226 associated with a function record
330 may indicate the relative rank of the function record 330 {e.g., by the access
mechanisms 202) among other function records 330. For example, a larger result score
226 way indicate that a function record 330 is more relevant to the received search guery
212. Moreover, a larger result score 226 or some component of the result score 226 may
indicate a proximity of an entity 402 associated with the function record 330 to the geo-
focation of the user device 200 or that the entity 402 associated with the function record
330 1s within the determined geographical arca 404 of the user device 200.

[88124] The mformation conveyed by the search results 220 may depend on how the
result scores 226 are calculated by the set processing module 804, For example, the
result scores 226 may indicate the relevance of an application function or application
state to the scarch query 212, the popularity of an application function or state, or other
properties of the application function or state, depending on what parameters the set
processing module 804 uses to score the function records 330.

[80125]  The set processing module 804 may gencrate result scores 226 for function
records 330 in a variety of different ways. In some implementations, the set processing

module 804 gencrates a rosult score 226 for a function record 330 based on one or more
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scoring features. The scoring features may be associated with the function record 330
and/or the search query 212, A function record scoring feature (hereinafter "record
scoring feature™) may be based on any data associated with a function record 330. For
example, record scoring features roay be based on any data included in the application
state information 334 of the function record 330. Example record scoring features may
be based on metrics associated with a person, place, or thing described in the function
record 330, Example metrics may include the popularity of a place described in the
function record 330 and/or ratings {c.g., user ratings) of the place described in the
function record 330, For example, if the function record 330 describes a song, a metrie
may be based on the popularity of the song described in the function record 330 and/or
ratings {¢.g., uscr ratings) of the song described in the function record 330, The record
scoring features may also be based on measurements associated with the function record
330, such as how often the function record 330 is retrieved during a scarch and how often
access mechanisms 202 of the function record 330 are selected by a user 10, Record
scoring features may also be based on whether the function record 330 includes an
application access mechanistn 202 that leads to a default state or a deeper native
application state 204a.

[88126] A query scoring feature may joclode any data associated with the search query
212. For example, query scoring features may include, but are not limited to, a number
of words in the scarch query 212, the popularity of the scarch guery 212, and the
expected frequency of the words in the search query 212. A record-query scoring feature
may include any data generated based on data associated with both the function record
330 330 and the search query 212 that resulted in identification of the function record 330
by the st generation module 802. For example, record-query scoring features may
include, but are not hmited to, parameters that indicate how well the terms of the search
query 212 match the terms of the application state information 334 of the identified
function record 330, The set processing roodule 804 may generate a result score 226 for
a function record 330 based on at least one of the record scoring features, the guery
scoring featurcs, and the record-query scoring features,

[66127]  The set processing module 804 may determine a result score 226 based on one

or more of the scoring features listed herein and/or additional scoring features not
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explicitly listed. In some examples, the set processing module 804 includes one or more
machine learned roodels {e.g., a supervised learning model} contfigured to receive one or
more scoring features. The one or more machine learned models may generate resuit
scores 226 based on at least one of the record scoring features, the query scoring features,
and the record~query scoring features, For example, the set processing module 804 may
pair the scarch guery 212 with cach function record 330 and calculate a vector of features
for each (query, record) pair. The vector of features may include one or more record
scoring features, one or more query scoring features, and one or more record-query
scoring features., The set processing module 804 may then mmput the vector of features
into a machine-learned regression mode! to calculate a result score for the function record
330. In some cxamples, the machine-lcarned regression model includes a set of decision
trees {¢.g., gradient boosted decision trees). In another example, the machine-learned
regression model may include a logistic probability formula. In some examples, the
machine learned task can be framed as a semi-supervised learning task, where a minority
of the training data is labeled with human curated scores and the rest are used without
human labels.

[6G128] The result scores 226 associated with the function records 330 (e.2., access
wmechanisms 202) may be used 1u a vaniety of different ways. The set processing module
804 and/or the user device 200 may rank the access mechanisms 202 based on the result
scores 226 associated with the access mechanistas 202, In these examples, a larger result
score may indicate that the access mechanism 202 {e.g., the function or application state)
1s more relevant to a user than an access mechanism 202 having a smaller result score. In
examples where the user device 200 displays the search results 220 as a list, the user
device 200 may display the links 230 for access mechanisms 202 having larger result
scores 226 nearer to the top of the results list (e.g., near to the top of the screen). In these
cxamples, the user device 200 may display the links 230 for access mechanisms 202
having lower result scores 226 farther dowu the list (e.g., off screcn).

1381291  In some implementations, the set processing module 804 scores function
records 330 based on relevanee to the search query 212, The relevance may be quantified
in terms of a level key word matching, location data matching, or a combination thereof.

For example, if a user searches for MeDonald’s® (MCDONALD’S 1s a registered
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trademark of the McDonald’s Corporation} from a user device 200 having a geo-location
corresponding to Main Street, Rochester Hills, M1, the relevance of a function record 330
having entity location data 336 corresponding to the McDonald’s located at 808 S.
Rochester Rd., Rochester, MI 48307 1s very high, if not the highest, since that
McDonald’s location would be the closest to the user device 200, Moreover, since
Rochester Hills, MI is only moderately populated with entities 402 (1.¢., restavrants, in
this example) the eotity density value D would be moderate, indicating the user 10 would
fikely be willing to drive a mile up the road to visit that McDonald’s. 1f, on the other
hand, there were no McDonald’s within a geographical arca 404 {e.g., a 5-10 mile radius)
about the user device 200, the set processing module 804 scores function records 330
may score function records 330 corresponding to other entitics 402 having the same or
simnilar entity categories 438 or sub-categories 438a {(e.g., restaurant/fast food/burgers)
higher than other function records 330 associated with entities 402 having different entity
categories 438 or sub-categories 43Ka.

[8013¢] Although function records 330 in the search data store 320 may include entity
location data 336, some function records 330 in the search data store 320 may vot include
entity location data 336. For example, a function record 330 may not include entity
focation data 336 when the function record 330 is associated with a function that is not
specific to a geographic location. The scarch module 310 of the present disclosure may
be configured to return scarch results 220 that include access ruechanisms 202, which are
not associated with location data.

186131} Modules and data stores included in the search systern 300 represent features
that may be inchided in the search system 300 of the present disclosure. The modules
and data stores described herein may be embodied by electronic hardware, software,
firmware, or any combination thereof. Depiction of diffcrent featares as separate
modules and data stores does not necessarily imply whether the modules and data stores
are exnbodied by coromon or separate electronic hardware or software coraponents. In
some implementations, the features associated with the one or more modules and data
stores depicted herein are realized by common electronic hardware and software

components. In some implementations, the features associated with the one or more
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modules and data stores depicted herein are realized by separate electronic hardware and
software components,

(66132} The modules and data stores may be embodied by electronic hardware and
software components inchuding, but not liratted to, one or more processing units, one or
more memory components, one or more input/output (1/0) components, and interconnect
components. Interconnect cornponents may be configured to provide comruunication
between the one or more processing units, the one or more merory components, and the
one or more IO components. For example, the interconnect components nay include
one or more buses that are configured to transfer data between electronic components,
The interconnect components may also include control circuits {¢.g., a memory controlier
and/or an 1O controller) that arc configured to control communication between electronic
components,

186133}  In some implementations, the scarch system 300 18 a system of one or more
computing devices {e.g., a computer search system} that are configured to implement the
techniques described herein. Put another way, the features attributed to the modules and
data stores described herein may be implemented by one or more computing devices.
Each of the one or more computing devices may include any combination of electronic
hardware, software, and/or firmware described above. For example, cach of the one or
more computing devices nay include any combination of processing units, memory
components, /O components, and inferconnect components described above, The one or
more computing devices of the search system 300 may also inclade various human
mterface devices, including, but not himited to, display screens, kevboards, pointing
devices (€.g., 8 mouse}, touchscreens, speakers, and microphones. The computing
devices may also be configured to communicate with additional devices, such as external
meroory {¢.g., external HDDs).

(86134} The one or more computing devices of the search system 300 may be
contigured to commuuicate with the network 120. The one or wore computing devices
of the scarch system 300 may also be configured to communicate with one another {e.g.,
via a computer network), In some cxamples, the one or more computing devices of the
search system 300 include one or more server computing devices configured to

communicate with user devices {¢.g., recetve query wrappers and transrait search resulis),
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gather data from data sources 130, index data, store the data, and store other documents.
The one or roore computing devices reside within a single wachine at a single geographic
focation in some examples. In other examples, the one or more computing devices may
reside within roultiple machines at a single geographic location. In still other examples,
the one or more computing devices of the search system 300 may be distributed across a
number of geographic locations.

[60135]  FIG. 9 illustrates an example method 900 executed by a computing device
110. At block 910, the method 900 includes recetving a search criteria 212 and location
data 218, 228 from a user device 200 in communication with the computing device 110
At block 920, the method 900 includes determining a user location 10 basced on the
location data 218, 228 {¢.g., from the geo-location, or the IP address information 228). At
block 938, the method 900 includes determining a geographical density By of entities 402
about the user location 10, At block 940, the method 900 optionally includes sclecting
one or more access mechanisms 202, 202a-202¢ based on the search criteria 212 and the
geographical density Dy, Each access mechanism 202, 202a-202¢, when executed by the
aser device 200, causes the user device 200 to access a resource identified by the access
mechanism 202, 202a-202¢. At block 950, the method 900 also optionally includes
transroitting search results 220 coutaining the one or more selected access mechanisms
202, 202a-202¢ from the computing device 110 to the user device 200,

[86136] In some implementations, the location data 218, 228 is indicative of a location
of a user device 200 originating the search criteria 212, For example, the location data
218, 228 may be a geo-location 218, The step of determining the geographical density
Dy of entities 402 may include selecting an eutity density I associated with a node N of
an cntity density grid 440 closest to the user location 10. The entity density grid 444, in
some examples, has latitude hines and longitudinal lines and a node N at one or more
mtersections of the latitude lines and longitudinal lines. In some implementations, the
step of determining the geographical density Dy of entities 402 includes gencrating an
entity density grid D for a geographical arca 447, where the entity density grid I» has
nodes N, and cach node N has an associated entity density value D, The rocthod 900
inchides increasing the entity deunsity value B of one or more nodes N based on a location

of an cutity 402 with respect to the one or more nedes N and deternuning the
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geographical density Dy of entities 402 about the user location 10 as the entity density
value I associated with the closest node N to the user location 16, In some
implementations, for cach entity 402 located within the entity density grid 440, the
method 900 mcludes increasing the entity density value D of a node N closest to the
entity 402, In other implementations, for each entity 402 located within the entity density
grid 440, the method 900 includes increasing the entity density value D of one or more
nodes N closest to the entity 402, The increase in the entity density value D corresponds
to a distance between the entity 402 and the respective node N, In additional examples,
cach node N of the entity density grid 440 has an associated geographical coordimate
(e.g., and not on any particular grid of lines) and an entity density value D

188137} The method 900 may optionally melude filtering access mechanisms 202,
202a-202¢ based on the user location 18, In some examples, the method 900 includes
filtering out access mechanisms 202, 202a-202¢ corresponding to entitics 402 located
outside a geographical boundary 404 about the user location 18, Other types of filtering
are possible as well. A size and/or shape of the geographical boundary404 may be based
on the geographical denstty of entities 402,

[66138]  Selecting the one or more access mechanisms 202, 202a-202¢ may optionally
include generating and scoring a consideration set 350 of function records 330, The
consideration set 350 of function records 330 is based on the search criteria 212.
Moreover, cach function record 330 has an associated access mechanism 202, 202a-202¢,
application state information 334, and an entity location 330, The method 900 further
mcludes scoring the consideration set 350 of function records 330 based on the associated
entity location 336 with respect the user location 10 and a correspondence of the
application state information 334 to the scarch criteria 212.

[6013%9]  Additionally or alternatively, selecting the one or more access mechanisms
202, 202a-202¢ may include generating a consideration set 350 of function records 330
based oo the search criteria 212, where each function record 330 has an associated access
mechanism 202, 202a-202¢ and an entity location 336, determining a geographical
boundary 404 about the user location 10 based on the geographical density Dy of entitics
4072, and filtering out function records 330 from the consideration set 350 having an

associated entity location 336 outside the geographical boundary 404,
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(86148} In some implementations, the access mechanism 202, 202a-202¢, when
executed by the user device 200, causes the user device 200 to access a native application
204a installed on the user device 200, launch a web browser instalied on the user device
200 and access a web resource identified by the access mechanism 202, 202a-202¢, or
access a digttal distribution platform and download an application 204 ideuntified by the
access mechanism 202, 202a-202¢.

166141}  FIG. 10 tHustrates a second example method 1000 executed by a computing
device 110, Atblock 1010, the method 1000 includes receiving a search query 212 and
user tocation 10 from a user device 200 and, at block 1029, identifving function records
330 included in a data store 420 based on the received search query 212, Each of the
function records 330 inchudes an access mechanism 202, 202a-202¢ specifying a state of
an application 204, application state information 334 describing the state of the
application 204 specified by the access mechanism 202, 202a-202¢, and a location 336,
436 of an eutity 402 associated with the function record 338, At block 1030, the method
1000 optionally includes determining a search scope based on the user location 10. The
search scope mcludes a geo-location and a geographical arca 404 surrounding the geo-
location. At block 1040, for each function record 330, the method 1000 includes
determining whether the respective entity location 336, 436 15 located within the
geographical area 404 of the search scope. At block 1050, the method 1000 includes
sclecting access mechanisms 202, 202a-202¢ from function records 330 having a
respective entity location 336, 436 located within the geographical arca 404 of the search
scope. At block 1060, the method 1000 includes fransmitting the sclected access
mechanisms 202, 202a-202¢ to the user device 200,

[80142] In some implementations, determining the search scope includes generating an
entity density grid 440 for a geographical region. The entity deunsity grid 440 has nodes
N, and each node N has an associated entity density value . The method 1000 includes
ncreasing the entity density I3 value of oue or more nodes N based on a location of an
entity 402 with respect to the one or more nodes N, determining a geographical density
Dy of entities 402 about the user location 10 as the entity density value D associated with

the closest node N to the user location 10, and determining the geographical arca 404 of
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the search scope based on the geographical density Dy of entities 402 about the user
location 10,

[66143]  FIG. 11 1s schematic view of an example computing device 1100 that may be
used to implement the systems and methods described in this document. The computing
device 1108 is intended to represent various forms of digital computers, such as laptops,
desktops, workstations, personal digital assistants, servers, blade servers, mainframes,
and other appropriate computers. The components shown here, their connections and
relationships, and their functions, are meant to be exemplary only, and are not meant o
Himit ivaplementations of the inventious described and/or claimed in this document.
186144} The computing device 100 includes a processor 1110, memory 1120, a storage
device 1130, a high-speed interface/controller 1140 connecting to the mersory 1120 and
high-speed expanston ports 1150, and a low speed interface/controller 1160 connecting to
fow speed bus 1170 and storage device 1130, Each of the components 1110, 1120, 1130,
1140, 1150, and 1160, are interconnected using various busses, and may be mounted on a
common motherboard or in other manners as appropriate. The processor 1110 can
process instructions for execution within the computing device 1100, including
instructions stored in the memory 1120 or on the storage device 1130 to display graphical
information for a graphical user 1nterface {(GUI) on an external input/output device, such
as display 1180 coupled to high speed interface 1140. In other implementations, mmltipie
processors and/or multiple buses may be used, as appropriate, along with mulitiple
memories and types of memory. Also, multiple computing devices 1100 may be
connected, with cach device providing portions of the necessary operations {e.g., as a
server bank, a group of blade servers, or a multi-processor system).

[80145] The memory 1120 stores information non-transitorily within the computing
device 1100, The memory 1120 may be a computer-readable medium, a volatile memory
unit(s), or non-volatile memory unit{s}. The non-transitory memory 1120 may be
phiysical devices used to store programs {e.g., sequences of wstructions) or data (e.g.,
program state information} on a temporary or permanent basis for use by the computing
device 1100, Examples of non-volatile memory include, but are not himited to, tlash
memory and read-only memory (ROM) / programmable read-only memory (PROM) /

crasable programumable read-only memory (EPROM) / electronically crasable
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programmable read-only memory (EEPROM) (e.g., typically used for firmware, such as
boot programs). Exarples of volatile memory include, but are not limited to, random
access memory {RAM), dynamic random access memory {(DRAM), static random access
memory {SRAM), phasc change memory (PCM) as well as disks or tapes.

[38146] The storage device 1130 is capable of providing mass storage for the
computing device 1100, In sorne iroplementations, the storage device 113018 a
computer-readable wediom. In various different implementations, the storage device
1130 may be a floppy disk device, a hard disk device, an optical disk device, or a tape
device, a flash meroory or other simnlar solid state memory device, or an array of devices,
including devices in a storage arca network or other configurations. In additional
fmplementations, a computer prograrn product 1s tangibly embodied in an information
carrier. The computer program product contains instructions that, when executed,
perform one or more methods, such as those described above. The information carrier is
a computer- or machine~-readable medium, such as the memory 1120, the storage device
1130, or memory on processor 1110,

{63147}  The high speed controller 1140 manages bandwidth-intensive operations for
the computing device 1100, while the low speed controlier 1160 manages lower
bandwidth-intensive operations. Such allocation of duoties 1s exeruplary only. In some
tmpicmentations, the high-speed controtier 1140 is coupled to the memory 1120, the
display 1180 {e.g., through a graphics processor or accelerator), and to the high-speed
expansion ports 1150, which may accept various expansion cards (not shown}. In some
impleraentations, the low-speed controller 1160 15 coupled to the storage device 1130 and
fow-speed expansion port 1170, The low-speed expansion port 1170, which may include
varigus communication ports {¢.g., USH, Bluctooth, Ethernet, wircless Ethernet}, may be
coupled to one or more wnput/output devices, such as a keyboard, a poionting device, a
scanner, or a networking device, such as a switch or router, e.g., through a network
adapter.

[80148] The computing device 1100 may be implemented in a number of different
forms, as shown in the figure. For example, it may be iraplemented as g standard server
9002 or multiple times in a group of such servers 1100a, as a laptop computer 1100, or

as part of a rack server system 1100c¢.
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[8014%] Various implementations of the systems and techniques described here can be
realized n digital electronic and/or optical circuitry, integrated circuitry, specially
designed ASICs {application specific integrated circuits), computer hardware, firmware,
software, and/or cornbinations thercof. These various iraplementations can include
implementation in one or more computer programs that are executable and/or
interpretable on a prograramable system inchuding at least one prograramable processor,
which may be special or general purpose, coupled to receive data and instructions from,
and to transmit data and instructions to, a storage system, at least one input device, and at
feast one output device.

[8015¢] These computer programs (also known as programs, software, software
applications or code) include maching 1nstructions for a programumnable processor, and can
be implemented in a high-level procedural and/or object-oriented programming language,
and/or in assembly/machine langnage. As used herein, the terros “machine-readable
medium’ and “computer-readable medium” refer to any computer program product, non-
transitory computer readable medium, apparatus and/or device (e.g., magnetic discs,
optical disks, memory, Programmable Logic Devices (PLDs)) used to provide machine
instructions and/or data to a programimable processor, including a machine-readable
mediam that receives machine instructions as a machine-~-rcadable sigoal. The termw
“machine-readable signal” refers to any signal used to provide machine instructions
and/or data to a prograramable processor,

166151} Implementations of the subject matter and the functional operations described
in this specification can be mmplemented in digital electronic circutiry, or in computer
software, finmware, or hardware, including the structures disclosed in this specification
and their structural equivalents, or in combinations of one or more of them. Moreover,
subject matter described in this specification can be implemented as one or more
computer program products, 1.¢., one or more modules of computer program mstructions
encoded on a computer readable medium for execution by, or to control the operation of,
data processing apparatus. The computer readable medium can be a machine-readable
storage device, a machine-readable storage substrate, a racmory device, a corposition of
matter effecting a machine-readable propagated signal, or a combination of one or more

of them. The terms “data processing apparatus”, “corputing deviee” and “computing
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processor” encompass all apparatus, devices, and machines for processing data, including
by way of example a programmable processor, a computer, or muliiple processors or
computers. The apparatus can include, in addition to hardware, code that creates an
exccution environment for the coraputer program in question, ¢.g., code that constitutes
processor firmware, a protocol stack, a database management system, an operating
systern, or a combination of one or more of them. A propagated signal is an artificially
generated signal, e.g., a wmachime-generated electrical, optical, or electromagnetic signal
that is generated to encode information for transmission to suitable receiver apparatus.
1881521 A coroputer program (also koown as an application, program, software,
software application, script, or code) can be written in any form of programming
language, including corapiled or interpreted languages, and it can be deployed inany
form, including as a stand-aloune program or as a module, component, subroutine, or other
unit suttable for use in 4 computing covironment. A computer program does not
necessarily correspond to a file in a file system. A program can be stored in a portion of
a file that holds other programs or data {c.g., one or more scripts stored in a markup
language document), in a single file dedicated to the prograro in question, or in multiple
coordinated files {¢.g., files that store one or more modules, sub programs, or portions of
code). A computer prograro can be deployed to be executed on one computer or on
nubtiple computers that are located at one site or distributed across nmltiple sites and
iiterconnected by a communication network,

[66153]  The processes and logic flows described in this specification can be performed
by onc or more programmable processors executing one or More Computcr programs 1o
perform 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).

[88154] Processors suttable for the execution of a computer program fnclade, 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

cssential clements of a computer are a processor for performing instructions and one or
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more memory devices for storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or transter 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. Morcover, a computer
can be embedded in another device, e.g., a mobile telephone, a personal digital assistant
(PDA), a mobile audio player, a Global Positioning Systern {(GPS) receiver, to name just
a few. Corputer readable media suitable for storing computer program instructions and
data inchude all forms of non-volatile memory, media and memory devices, including by
way of example semiconductor memory devices, ¢.g., EPROM, EEPROM, and flash
mermory devices; magnetic disks, ¢.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 in, special purpose logic circuitry.

[86185]  To provide for interaction with a user, one or more aspects of the disclosure
can be implemented oun a computer having a display device, e.g., a CRT (cathode ray
tube), LD (liquid crystal display) monitor, or touch screen for displaying information to
the user and optionally a keyboard and a pointing device, ¢.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 interaction with a user as well; for example, feedback provided to the user can be
any form of sensory feedback, ¢.g., visual feedback, auditory feedback, or tactile
feedback; and mput from the user can be received in any form, inchuding acoustic,
speech, or tactile input. In addition, a computer can interact with a user by sending
docurnents to and receiving 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.

[68156]  One or more aspects of the disclosure can be implerented 1u a computing
system that includes a backend component, ¢.g., as a data server, or that includes a
middleware coraponent, ¢.g., an application server, or that includes a frontend
component, €.2., a client computer having a graphical user interface or 3 Web browser
through which 4 user can interact with an implementation of the subject matter described
in this specification, or any combination of one or more such backend, middieware, or

frontend components. The compounents of the systern can be interconnected by any form
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or medium of digital data comumunication, e.g., a communication network. Examiples of
communication networks melude a local arca network ("LAN") and a wide arca network
{“WAN"}, an inter-network (e.g., the Internet), and peer-to-peer networks {e.g., ad hoc
peer-to-peer networks).

18815871 The computing system can include clients and servers. A client and server are
generally remote from cach other and typically mteract through a communication
network. The relationship of client and server arises by virtue of coraputer programs
runming on the respective computers and having a client-server relationship to cach other.
In some implementations, a server transnuts data {e.g., av HTML 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 gencerated at the client device {e.g., a result of the user
interaction} can be recetved from the client device at the server.

[88158]  While this specification contains many spectfics, these should not be
construed as limitations on the scope of the disclosure or of what may be claimed, but
rather as descriptions of features specific to particular implementations of the disclosure.
Certatn features that are described in this specification n the context of separate
implementations can also be implemented in combination in a single implementation.
Conversely, various features that are described in the context of a single implerentation
can also be implemented 1n nultiple implementations separately or in any suitable sub-
combination. Morcover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination can in sorne cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or variation of a sub-combination.
[8615%] Similarly, while operations are depicted in the drawings in a particular order,
this should not be understood as requiring that such operations be performed in the
particular order shown or in sequential order, or that all tllustrated operations be
performed, to achieve desirable results. In certain circumstances, multi-tasking and
parallel processing may be advantageous. Moreover, the separation of various system
components in the embodiments described above should not be understood as requiring

such separation in all embodiments, and it should be understood that the described
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program components and systems can generally be integrated together in a singic
software product or packaged juto multiple software products.

166168} A number of implementations have been described. Nevertheless, it will be
understood that various modifications may be made without departing trorn the spirit and
scope of the disclosure. Accordingly, other implementations are within the scope of the
following claims. For exaruple, the actions recited in the claims can be performed ina

different order and still achieve desirable results.
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WHAT IS CLAIMED I5:
1. A method (900) comprising:

receiving, at a8 computing device (110), a search criteria {212} and location data
(218, 228) from a uscr deviee (200) in communication with the computing device {110);

determining, using the computing device {110}, a user location (10) based on the
location data (218, 228);

determining, usiog the computing device (110}, a geographical deusity (D) of
entities (402) about the user location (10);

selecting, using the computing device (118), one or more access mechanisms
(202, 202a-202¢) based on the scarch criteria (212) and the goographical density (D),
each access mechanism (202, 202a-202¢), when executed by the user device (200),
causes the user device (200) to access a resource identified by the access mechanism
(202, 202a-202¢); and

transmitting search results (220) contaiming the one or more selected access

mechanisms (202, 202a-202¢) from the computing device (1 10) to the user device (200).

2. The method (900) of claim 1, wherein the location data (218, 228) is indicative of

a location of the user device {(200) oviginating the scarch criteria (212).

3 The racthod (900) of claim 2, wherein the location data (218, 228) comprises a

geo-location (218).

4. The method (900) of claim 1, wherein determining the geographical density {Dp)
of entities (402) comprises selecting an entity density value (D) associated with a node

(N of an entity density grid (440) closest to the user location (10},

5. The method (900) of claim 1, wherein determining the geographical deusity (D)
of entities (402) comprises:

generating an entity density grid (440) for a geographical arca (447), the entity
density grid (440} having nodes (N}, each node (N} having an associated entity density

value (DY);
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increasing the entity density value (I3} of one or more nodes {IN} based on a
location (436) of au entity (402) with respect to the one or more nodes {(IN}; and

determining the geographical density {Iy) of entities {402) about the user location
{10} as the entity density value (D) associated with the closest node (N} to the user

focation (10},

6. The method (900) of claim S, wherein cach node (N} of the cuotity density grid

{440} has an associated geographical coordinate and an entity density value (D).

7. The method (900) of claim 5, further comprising, for each entity (402) located
within the entity density grid {440} increasing the entity density value () of a node {(N)

closest to the entity (402).

8. The method (900) of claim 35, further comprising, for cach entity (402} located
within the entity density grid (440), increasing the entity density value (D) of one or more
nodes (N} closest to the cutity {(402), the increase in the entity density value (D)
corresponding to a distance (L1, £.2, L4, L5} between the entity (402) and the respective

node (N}

9. The racthod (900) of claim 1, further comprising filtering access mechanisios

{202, 202a-202¢) based on the user location {10).

19. The method (900) of claim 9, further comprising filtering out access mechanisms
(202, 202a-202¢) corresponding to cntitics (402) located cutside a geographical

boundary (404 about the user location (18).

1L The method (900) of claim 10, wherein a size and/or shape of the geographical

boundary (404) is based on the geographical density of entities (402},

12, The method (900} of claim 1, wherein selecting the one or more access

mechanisms (202, 202a-202¢) cormprises:
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generating a consideration set {350} of function records (330) based on the search
criteria (212}, each function record (330) having av associated access mechanism (202,
202a-202c}, application state information {334}, and an entity location {336); and

scoring the consideration set (350) of function records (330) based on the
associated entity location (336} with respect the user location (10} and a correspondence

of the application state information (334} to the scarch criteria (212).

13, The method (900) of claim 1, wherein sclecting the one or more access
wmechanisms (202, 202a-202¢) comprises:

generating a consideration set {350} of function records (330) based on the search
criteria {212), cach function record (330) having an associated access mechanism (202,
202a-202c) and an entity location (336);

deterruining s geographical boundary (404) about the user location (10) based on
the geographical density {Iy) of entities {(402); and

filtering out function records (330) from the consideration set (350) having an

assoctated entity location (336) outside the geographical boundary (404).

14, The method (900} of claim 1, wherein the access mechanism (202, 202a-202¢),
when executed by the user device (200}, causes the user device (200) to:

access a native application (204a) installed on the user device (200},

launch a web browser installed on the user device (200) and access a web
resource identified by the access mechanism (202, 202a-202¢); or

access a digital distribution platform and download an application (204} identified

by the access mechanism (202, 202a-202¢).

i5. A system (100} comprising:
one or more computing devices (112) 1o comumunication with a user device (200},
the one or more computing devices {112) executing instructions that cause the one or
more computing devices (112) to:
receive a search criteria (2123 and location data (21X, 228) from the user

device (200},
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determine a user location (10) basced on the location data (218, 228);

determine a geographical density (Dy) of entities (402) about the user
focation (10);

sclect one or more access mechanisros (202, 202a-202¢) based on the
search criteria (212} and the geographical denstty (Dg), cach access mechanism (202,
202a-202¢), when exccunted by the user device (200), causes the user device (200) to
access a resource identified by the access mechanism (202, 202a-202¢); and

transmit scarch results (220) containing the one or more selected access

wmechanisms (202, 202a-202¢) to the user device {200).

16. The system {100} of claim 15, wherein the location data (218, 228) 1s indicative

of a location of the user device (200) originating the search criteria (212).

17. The system {100) of claim 16, wherein the location data (218, 228} comprises a

geo-location (218).

1&. The system (100) of claim 15, wherein determining the geographical density (Dy)
of entities (402) comprises selecting av entity density (D) associated with a node (N} of

an cntity density grid (440} closest to the user location (10).

19. The system (100) of claim 15, wherein determining the geographical density (Dy)
of entities (402) comprises:

generating an entity density grid (440) for a geographical area (447), the entity
density erid (440) having nodes (N), cach node (N} having an associated entity density
value (Dy;

increasing the entity density value (D) of one or more nodes (N) based on a
focation of an entity (402) with respect to the one or more nodes (N); and

determining the geographical density (Dr) of entities (402) about the user location
{10} as the entity density value (D) associated with the closest node (N} to the user

focation (10).

LA
[N
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20.  The system {(100) of claim 19, wherein cach node (N) of the entity density grid

{440) has an associated geographical coordinate and an entity density value (D).

2L The systern (100) of claim 19, wherein determining the geographical density (Dy)
of entities (402) comprises, for each entity {402} located within the entity density grid

(440), increasing the entity density value (D) of a node () closest to the entity (402).

22. The systern (100) of claim 19, wherein determining the geographical density (Dy)
of entities (402) comprises, for each entity {402) located within the eutity density grid
(440}, increasing the entity density value (I3} of one or more nodes (N} closest to the
entity {402}, the increase in the entity density value (D) corresponding to a distance (L1,

1.2, L4, L3) between the entity {(402) and the respective node (N).

23. The system {100} of claim 15, wherein selecting one or more access mechanisms
(202, 202a-202¢) comprises filtering access mechanisms (202, 202a-202¢) based on the

user location (10).

24, The systern (100) of claim 23, wherein selecting one or wore access mechanisms
(202, 202a-202¢) comprises filtering out access mechanisms (202, 202a-202¢)
corresponding to entitics (402} located outside a geographical boundary (404) about the

user location (10).

25. The system {100) of claim 24, wherein a size and/or shape of the geographical

boundary (404) is based on the geographical density (Dr) of entities (402).

26, The system (100) of claim 15, wherein selecting the one or more access
wechanisms (202, 202a-202¢) coraprises:

generating a consideration set {350} of function records (330) based on the search
criteria {212), cach function record (330) having an associated access mechanism (202,

~

202a-2(2c}, application state information {334}, and an entity location (336, 436); and
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scoring the consideration set {350} of function records (330) based on the
assoctated entity location (336, 436) with respect the user location (10 and a

correspondence of the application state information {334} to the search criteria (212).

27, The system {100) of claim 15, wherein selecting the one or more access
mechanisras (202, 202a-202¢) comprises:

generating a consideration set (350) of function records (330) based on the search
criteria {212}, cach function record (330) having an associated access mechanism (202,
202a-202¢) and an entity location (336, 436);

determining a geographical boundary (404} about the user location (10) based on
the geographical density of entitics (402); and

filtering out function records {338) from the consideration set (350) having an

associated entity location (336, 436) outside the geographical boundary (404).

28. The system {100} of claim 15, wherein the access mechanism (202, 202a-202¢),
when executed by the user device (200), causes the user device (200) to:

access a native application (204a) installed on the user device (200}

launch a web browser installed on the user device (200) and access a web
resource identified by the access mechanism (202, 202a-202¢); or

access a digital distribution platform and download an application identified by

the access mechanism (202, 202a-202¢}.

29, A method (10060) comprising:
receiving a scarch query (212) and user location {10} from a user device (200});
identifying function records (330) included in a data store (420) based on the
received search query {212}, cach of the function records (330} including:
an access mechanisro (202, 202a-202¢) specifying a state of an
application (204},
application state information (334) describing the state of the application

{204) specified by the access mechanism (202, 202a-202¢); and
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a location (336, 436) of an entity (402) associated with the function record

{330y

determining a search scope based on the user location {(10), the search scope
mcluding a geo-location and a geographical arca (404} surrounding the geo-location;

for each function record (330}, determining whether the respective entity location
(336, 436} 13 located within the geographical arca (404} of the search scope;

selecting access mechanmsros (202, 202a-202¢) from function records (330}
having a respective entity location {336, 436) located within the geographical arca (404)
of the search scope; and

transmitting the selected access mechanisms (202, 202a-202¢) to the user device

(200).

30. The method (1000} of claim 29, wheremn determining the search scope comprises:

generating an entity density grid (440) for a geographical region, the entity
density erid (440) having nodes (N), cach node (N} having an associated entity density
value (Dy;

increasing the entity density value (D) of one or more nodes (N) based on a
focation of an entity (402) with respect to the one or more nodes (N);

determining a geographical density (D) of entities (402) about the user location
{10} as the entity density value (D) associated with the closest node (N} to the user
focation (10); and

deterruining the geographical area (404) of the search scope based on the

geographical density (D) of entities (402) about the user location (10},

N
W
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