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ELECTRONIC MAP INTERFACES

BACKGROUND

This document relates to electronic map interfaces. Communications networks
have enabled the distribution of information to users across the globe. One type of
nformation provided to users is provided in the form of electronic maps. Users can
mnteract with electronic maps presented at a client device to obtain information about
various geographic regions. The amount of information that 1s available about a given
geographic region {or points of interest in the given geographic region) exceeds the
amount of information that can be presented on the electronic map without cluttering the

presentation of the electronic map.

SUMMARY

In general, one innovative aspect of the subject matter described in this
specification can be embodied in methods that mclude the actions of receiving, from a
client device, a request for presentation of an interactive map 1o a user interface that
visually depicts a particular geographic location, and selecting, by one or more servers
and based on the request, a map space that includes the particular geographic location.
The one or more servers then identify multiple points of interest having geographic
locations that are located within a geographic region that 1s visually depicted by the
selected map space, and generate an overlay that dynarically presents, at the chient
device, one or more visual components at geographic locations of at least some of the
identified pomnts of mterest within the map space based on display characteristics of the
client device. The selection of the points of interest includes: ranking the identified
multiple points of mterest based on a likelthood of interaction with each of the visual
components representing the points of interest, generating an overlay that prevents a

number of visual components presented for the identified points of interest from

PCT/US2017/061532

exceeding a pomt of interest density threshold that 1s mapped to display charactenistics of
the client device in a data structure, wherein different point of interest density thresholds

are mapped to different combinations of display characteristics in the data structure, and
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generating an overlay that dynamically changes, based on the ranking, which points of
interest are 1dentified by presented visual components in response to user interaction with
the interactive map at the client device. The client device caches overlay information for
the overlay and a portion of the map space, and updates the user nterface of the chient
device with the map space and the overlay. Other embodiments of this aspect include
corresponding systems, devices, apparatus, and computer programs configured to
perform the actions of the methods. The computer programs (e g., instructions) can be
encoded on computer storage devices. These and other embodiments can each optionally
include one or more of the following features.

The map space can have a map area that results in at least a portion of the map
space being outside of a viewport of the chient device prior to user interaction with the
map space.

Generating the overlay can mclude generating an overlay that updates, at the
client device using the cached overlay information, points of interest identified by the
presented visual components based on user interaction with a change view countrol that
changes a zoom level at which the map space is presented in the viewport. The update
can be performed without requiring the chent device to imtiate an additional network call
1o the one or more servers.

Updating the points of interest identified by the presented visual components can
melude dentifying a zoom level at which the map space 13 being presented in response to
user iteraction with the change view control; identifying, within the cached overlay
mformation, a corresponding point of interest density threshold for the identified zoom
level; identifying, within the cached overlay information, a set of points of interest that
have a geographic location that is visually depicted in the viewport at the identified zoom
level; and selecting, from the identified set of points of interest, one or more points of
interest to be visually identified using a corresponding visual component, wherein a total
number of the points of interest selected is less than or equal to the corresponding point
of interest density threshold for the identified zoom level.

Selecting the one or more pomnts of interest can include selecting the total number
of highest ranked points of interest from the ranking,

2
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Selecting the one or more points of interest can include selecting the one or more
points of interest based on a device type of the client device or a screen size of the client
device.

Selecting the one or more pomnts of interest can include selecting the one or more
points of interest based on a number of pomts of interest that have been pre-selected for
presentation prior to the selecting,

Ranking the identified multiple points of interest can include ranking the
identified multiple points of interest based on one or more of geographic locations
previously visited by the user, categories of locations previously visited by the user, a
frequency at which the user has previously visited different categories of locations, time
of day information associated with previous visits to different categories of locations, a
proximity of the points of interest to previous locations visited by the user, or search
queries performed by the user on any supported search interface.

In another aspect, methods can include receiving, from a client device, a request
for presentation of an interactive map in a user interface that visually depicts a particular
geographic location; selecting, by one or more servers and based on the request, a map
space that includes the particular geographic location; identifyimg multiple points of
nterest having geographic locations that are located within a geographic region that 5
visually depicted by the selected map space; generating, by one or more servers, an
overlay that presents, at the client device, one or more visual components at geographic
locations of at least some of the identified points of interest within the map space based
on display characteristics of the chent device, wherein generating the overlay includes:
ranking the identified multiple pomts of interest based on a likelihood of interaction with
each of the visual components representing the points of interest; selecting a number of
the pomnts of interest for which to display respective visual components, said number
being chosen to as to prevent the number of points of interest for which visual
components are presented from exceeding a point of interest density threshold, the point
of interest density threshold being mapped to display characternistics of the client device
in a data structure, wherem different point of interest density thresholds are mapped to
different combinations of display characteristics in the data structure; and dynamically

“~
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changing the overlay, based on the ranking, such that different points of interest are
identified by presented visual components in response to user interaction with the
interactive map at the client device; and caching, at the client device, overlay information
for the overlay and a portion of the map space; and updating the user mterface of the
client device with the map space and the overlay.

Other embodiments of this aspect include corresponding systems, devices,
apparatus, and computer programs configured to perform the actions of the methods. The
computer programs {e.g., mnstructions) can be encoded on computer storage devices.
These and other embodiments can each optionally include one or more of the following
features.

The map space has a map area that results in at least a portion of the map space
being outside of a viewport of the client device prior to user interaction with the map
space.

Generating the overlay can include generating an overlay that updates, at the
chient device using the cached overlay mformation, points of interest wdentified by the
presented visual components based on user interaction with a change view control that
changes a zoom level at which the map space 15 presented in the viewport, wherein the
update s performed without requiring the client device to initiate an additional network
call to the one or more servers.

Updating the points of mterest wdentified by the presented visual components can
mclude identifying a zoom level at which the map space is being presented m response to
user mnteraction with the change view control; identifving, within the cached overlay
nformation, a corresponding point of interest density threshold for the wdentified zoom
level; identifying, within the cached overlay information, a set of points of interest that
have a geographic location that is visually depicted in the viewport at the identified zoom
level; and selecting, from the identified set of points of interest, one or more points of
mterest to be visually identified using a corresponding visual component, wherein a total
number of the points of interest selected is less than or equal to the corresponding point

of interest density threshold for the identified zoom level
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Selecting the one or more points of nterest can include selecting the total number
of highest ranked points of interest from the ranking.

Selecting the one or more points of interest can include selecting the one or more
points of interest based on a device type of the client device or a screen size of the client
device.

Selecting the one or more points of interest can include selecting the one or more
points of interest based on a number of pomts of interest that have been pre-selected for
presentation prior to the selecting.

Ranking the identified multiple points of interest can include ranking the
identified multiple points of interest based on one or more of geographic locations
previously visited by the user, categories of locations previously visited by the user, a
frequency at which the user has previously visited different categories of locations, time
of day information associated with previous visits to different categories of locations, ora
proximity of the points of interest to previous locations visited by the user.

Particular embodiments of the subject matter described i this specification can be
implemented s0 as to realize one or more of the following advantages. The techmques
discussed in this document prevent overcrowding of an electronic map interface that
presents a map, which improves the user experience and the ability of a user to interact
with and obtain information from the map. For example, the techniques discussed in this
document can limit the number of points of nterest that are visually identified on the
map, thereby reducing the amount of the map that 15 occluded by the visual indications of
the points of interest. The points of mterest that are visually identified 1n a given view of
the map can be those points of 1nterest that are deemed most likely to be relevant to a
particular user that is viewing the map, and be selected without requiring the user to input
any information {e.g., a query or topic of interest}). As such, the visually identified points
of interest can be selected prior to user interaction with the electronic map interface,
thereby improving the user’s experience with the imitial presentation of the map {(e.g.,
including relevant points of interest without requiring user interaction with the electronic
map interface). The latency associated with updating the view of the map that is
presented in the electronic map interface when a user mteracts with the electronic map

[
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interface can be reduced or imited (e.g., relative to map interfaces that do not utilize the
technmiques discussed herein} by utilizing an intelligent caching scheme that pre-caches
additional map and/or overlay information at the chient device in response to an initial
request for a portion of a map {e.g., map space). For example, by pre-caching the
additional map and/or overlay mformation (e.g., beyond that needed to present the
requested portion of the map and corresponding visual indications of points of interest in
the requested portion of the map space, the user can interactively {and seamlessly} change
how much, or what part of, a map 1s presented in the electronic map interface because
additional calls will not need to be made to a remote server. The reduced number of calls
to the remote server also reduces the latency because each call to the remote server takes
a certain amount of time to establish and tear down, such that each subsequent call to the
server will increase the latency associated with changing the view of the map presented in
the electronic map nterface. This latency 1s larger for mobile devices operating over a
wireless network, such as a cellular network, because of the amount of time that is
required to establish each network call over the wireless network. The additional calls to
the remote server also result in additional battery consumption, such that himuting the
number of additional calls that a mobile device makes to a remote server will extend the
battery life of the mobile device.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS
Fig. 1 1s a block diagram of an example environment 100 10 which map spaces are
distributed over a network 102,
Fig. 2 1s a diagram showing various map views on two different sample example
chient devices.
Fig. 3 1s a flow chart of an example process for generating/distributing an overlay

for an electronic map interface.
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Fig. 4 1s a block diagram of an example computer system.
Like reference number and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION

This document describes methods, systems, and devices for generating and
providing an electronic map interface that presents a view of an electronic map in a
viewport of a client device (referred to as a map view) and an overlay of visual
components that visually identify points of interest (POI) that are located at gecgraphic
locations that are included in the map view. An inittal map view can be presented at a
client device in response to a request for an electronic map being received from the client
device. The request can include information identifying a particular geographic location,
which can be used to select a map space {e.g., portion of the electronic map) that includes
the particular geographic location. Alternatively, or additionally, the map space can be
selected based on default geographic information {e.g., a pre-specified geographic
location or a geographic location that is included in a user profile of a user to whom the
mitial map view will be presented). As discussed in detail below, the map space that is
selected and provided to the client device to present in the mitial map view can include a
larger portion of the map than will be presented in the inttial map view, and at least some
of the map space can be cached at the client device. This will enable seamless dynamic
updates to the map view in response {0 user interaction with the electronic map interface
{(e.g.. a user panning, zooming, or otherwise mteracting with the electronic map interface
to modify the map view), for example, by not requiring a subsequent call to a remote
server to obtain additional map views. Rather, the map space that 13 cached at the client
device can be used to modify the map view m response to user interaction with the
electronic map mterface.

In some implementations, an overlay 1s provided {e.g., downloaded, streamed, or
otherwise transmitted) with the map space {or separate from the map space}. The overlay

15 a file (or collection of files) that dynamically presents one or more visual components
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(e.g., map pins or other icons) on {e.g., presented over or integrated into) the selected
map space. The placement of the visual components on the map space can dentify
locations of points of interest {e.g., parks, monuments, airports, coffee shops, gyms, or
other points of interest) within the map space. While the visual components arg
beneficial for highlighting the locations of points of interest on the map space, the
effectiveness of these visual components may decrease as the number of visual
components display increases.

For example, as the number of displayed visual components increases, a larger
portion of the map space may be occluded by these visual components, which can make it
more difficult to use the map space {e.g., due to important visual features of the map
space being occluded). Additionally, it may become more difficult for a user to visually
identify the different visual components {or boundaries thereof) that are presented
because the visual components may overlap as the number of displayed visual
components increases. This “crowding” of visual components in a map space can make 1t
difficult for a user to interact with a particular visual component (e g., due to crowding of
the visual components 1n the display), which can result 1o a user inadvertently interacting
with a different visual component than intended. Inadvertent user mteractions with visual
components can lead to user frustration, a degraded user experience, and the transter of
additional network traffic (e g, by transferring data 1n response to the user interaction
with the visual component that was interacted with, while the user was mtending to
interact with a different visual component} because the user may be presented

g, and the user will have to again

mformation other than the mformation they were seeking,
attempt to mnteract with the visual component that the user was mtending to interact with
imtially.

In some implementations, the set of visnal components can be ranked and/or
selected to increase the likelihood that the points of interest identified in the map space
{e.g., by presentation of the visual components} are points of interest that are relevant to
the user. For example, as described in detail below, the set of visual components that are
selected for a given map space can be identified using historical information for the user

(e.g., historical user interactions by the user with various points of interest, historical
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search queries submitted by the user, historical visits to particular geographic locations by
the user, or other historical information). Using the historical information can enable
selection of pomnts of interest relevant to the user prior to user interaction with the map
space that is provided in response to the request, and also enables the points of interest to
be identified independent of (e.g., without or prior to) user submission of a search query
through the electronic map interface.

As described in detail below, a set of visual components representing points of
interest on a map space can be limited {e.g., by including fewer than all available visual
components in the set) based on a point of interest density threshold corresponding to
display characteristics of the client device. In this context, the “point of interest density”
can be understood to refer to the number of points of interest for which visual
components are displaved, and the point of index density threshold defines an upper fimit
to that number. The point of interest density threshold may vary for devices having view-
screens or viewports of different dirnensions, for example. As used throughout this
document the term “viewport” refers to a portion of a display 1 which the map space 13
presented {e.g., a portion of a web page or application interface that presents the map
space). The point of interest density threshold may vary depending on the zoom level at
which the map is displaved. Using the point of interest density threshold can prevent the
electronic map interface from being cluttered, thereby improving the user experience with
the map space by reducing the hkelihood of inadvertent interactions with the visual
components, preventing important aspects of the map space from being occluded, and
making it easier for the user to identify the different visual components and
corresponding points of interest presented 1 the map space. In some implementations,
the point of interest density threshold can mmform a reduction in the number of poinis of
interest presented to a user in a map view from a total number of available points of
interest included in the overlay.

Fig. 1 1s a block diagram of an example environment 100 in which map spaces are
distributed over a network 102, The environment includes a network 102, such as a local
area network (LAN}, a wide area network (WAN, the Internet, or a combination thereof

The network 102 connects a map server 104, chient devices 106, and an overlay server

9
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108. The example environment 100 may include many different map servers 104, chient
devices 100, and overlay servers 108,

A client device 106 1s an electronic device that is capable of requesting and
receiving data {including packetized representations of map interfaces) over the network
102. Example client devices 106 include personal computers, mobile communication
devices, and other devices (e.g, tablet devices, home automation devices, or other
devices} that can send and receive data over the network 102, A client device 106
typically includes a user application, such as a web browser, to facilitate the sending and
recetving of data over the network 102, but native applications {(e.g., map applications or
search applications) executed by the client device 106 can also facilitate the sending and
recetving of data over the network 102

An electronic document 1s data that presents a set of content at a chient device
106. Examples of electronic documents include webpages, word processing documents,
portable document format (PDF) documents, images, videos, search results pages, and
feed sources. Native applications {e.g., “apps”}, such as applications installed on mobile,
tablet, or desktop computing devices are also examples of electronic documents. An
electronic document can be nested within a second electronic document; for example, an
image embedded within a webpage or multiple different electronic documents {e.g., from
different sources} can be combined to create an aggregate electronic document that
meludes the multiple different electronic documents. A map space 15 a specific type of
electronic document that includes map information from a portion of an electronic map.
For example, a particular map space may include map mformation for a geographic area
that 1s centered at the city of Atlanta and extends three miles from the city center. Note
that a map space can be any shape {e.g., rectangular, oval, circular, triangular or
irregular). Map spaces can be provided to client devices 106 by the map server 104, For
example, the map server 104 can recetve a map request from a chient device 106 and
provide a map space to the client device in response to the request. In some
implementations, the user can access a map space through an electronic map interface
110, which may be at least part of a web browser or native application, and includes at

least a portion of the map space.

10
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The map request can include, for example, data specifying a particular geographic
location and/or display characteristics of the environment in which the map space will be
presented. For example, the map request may include packetized data specifying the
geographic location of Atlanta, GA, and also include packetized data specifying a size
(and/or dimensions) of a viewport 112 in which the map space will be presented and/or
an nitial zoom level at which the map space will initially be presented in the viewport
112 at the client device 106, A map view 114 is presented within the viewport 112 that is
part of the electronic map iterface 110. The map view, or portion of map space
presented in the viewport, is dependent in part on the dimensions of the viewport 112 and
the zoom level at which the map space is presented, representing at least a portion of the
total map space. For example, if the display characteristics for a particular instantiation
of a map request are made by a tablet computer where the viewport is the entire screen
area, the resulting map view will be the portion of the map space that is presented in the
entire screen area of the tablet computer. Although the processes are described herein as
being implemented at separate servers, a single server could perform all of the
functionality in question. Alternatively, or additionally, the multiple servers could be
unplemented n a single hardware device or across roultiple devices in a distributed
computing enviromment,

The map server 104 1s a computing device {or group of computing devices) that
distributes (e g., transnuts} map spaces to client devices. The map server 104 analyzes
the map request to wdentify the geographic location of the request and identify the display
characteristics. For example, the map server can identify a portion of the map request
that icludes an identifier that 1s used to identify geographic data in the request, and
determine the geographic location from the geographic data. The geographic data can be,
for example, latitude/longitude coordinates, a city name, a state name, a country name, or
some other indication of a geographic location. This geographic data can then be used to
identify the geographic location, for example, by comparing the geographic data to an
index of geographic data and identifying a corresponding geographic location that is

indexed to the geographic data.

11



10

15

30

WO 2018/093774 PCT/US2017/061532

The map server 104 uses the geographic location and the display characteristics to
select a map space from a map database 118 that will be provided in response to the
request. For example, 1n response to a map request for the “Little Five Points” area in
Atlanta, GA, the map server will access a map space including the Little Five Points area
within the area of the map space from the map database. As stated above, the map space
provided to the client device is at least the size of the 1nitial map view 114 presented in
the client device viewport 112. In general, the map view will be smaller than the map
space such that a portion of the map space will be outside the viewport of the client
device at any given time. Additionally, the size of the map space provided to the client
device will reflect information about the display and processing capabilities of the client
device. For example, if the user is accessing the electronic map interface through an
older model mobile phone on a lower speed network, the size of the map space may be
selected accordingly {e.g., the map space will be smaller).

The map server can transmuit {or otherwise share) characteristics of the selected
map space to the POl selection server 120 and/or the overlay server 108, which use the
characteristics to identify points of interest that are included in the map space, and create
an overlay to include with the map space provided, respectively. For example, the poinis
of interest (POT) selection server 120, can identify points of interest from the points of
interest database 122 having geographic identifiers (e g, longitude/latitude coordinates),
where each point of interest (POIv) has an associated geographic identifier (Geox) that
are located within the geographic coordinates that bound the map space.  From the
available points of mnterest, the POI selection server can then create a ranking of the
pomnts of interest based, in part, on user lustorical data 124, The user lustorical data 124
may include a user’s historical map interactions, locations previously visited,
recommendations of the user’s social network, historical search queries, and user
preferences. For example, if a particular user frequents a hardware store within the Little
Five Points area in Atlanta, GA, the POI selection server 120 will rank the particular
store and location more highly in the list of points of interest to be presented in the map
space. From a ranked list of points of interest, the overlay server 108 can construct the

overlay provided to the chient device along with the map space. The overlay further
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includes information about a point of interest density threshold corresponding to display
characteristics of the client device. As noted above, the utility of the map view and/or the
visual components that identify the points of interest can decrease as the number of points
of interest visually identified in the map view increases, such that all of the points of
interest included in the overlay with the map space may not be able to be visually
identified in a particular map view at the same time. However, the number of visual
components that can be presented in any given map view without cluttering the map view
will depend on various factors, such as the size of the viewport and the zoom level of the
map view. As such, the number of visual components that can be presented without
cluttering the map view will change as the map view is changed at the client device.

The overlay server can ascribe characteristics to an overlay {e.g., by way of an
index that maps a particular point of interest threshold density (TDx) to a particular zoom
level (Z1.N) for specific client device characteristics). In some implementations, the
number of POI presented in the map view 1s responsive to changes i the map view at the
client device based on the point of interest threshold density. For example, if a user
zooms in {e.g., causing a more detailed view of a given area to be presented), it may be
possible to present additional visual components for points of interest in that given area
than when the user zooms out {e. g., causing a less detailed view of the given area to be
presented). In some implementations, the electronic map miterface at the client device
meludes a change view control 116 that enables the user to dynamucally change (e g
zoom, pan, etc.) the portion of the map space presented in the viewport 112

As described in more detatl below, the set of visual components identifying points
of 1aterest in the map space inchides more visual components than those points of mnterest
that are initially presented (or identified by way of presented visual components} in the
initial map view of the map space. For example, the additional visual components can
include visual components for points of interest that are located at geographic locations
of the map space that are not included in the initial map view {e.g., are mitially cutside of
the viewport), and/or visual components that are only presented at higher levels of zoom

(e.g., more detailed map views).
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Fig. 2 is a diagram showing various map views on two different example client
devices. Client device 204 is a mobile device (e.g., smart phone) that presents the
electronic map interface 206. The electronic map interface 206 can be in the form of a
map application that 1s installed on the mobile device 204, A map view 208 is presented
in the map application along with several visual components that identify points of
interest in the map view 208. The map view 208 can be an initial map view that is
presented at the client device 204. For example, as discussed above, in response to the
mitial request by the user for a map, the map server 104 can identify a map space that
includes the portion of the map visually depicted by the map view 208, and transmit the
map space to the client device 204, Upon receipt of the map space, the client device 204
can store/cache the map space (and any additional data required to present the map space)
in a local client memory 216, Additionally, the client device 204 can use the received
map space to render and display the portion of the map that 1s inttially presented in the
map view 208 prior to user mteraction with the map space or any controls.

As discussed above, in some implementations, at least a portion of the map space
that s stored in the local chient memory 216 will not be visually depicted 1o the mitial
map view 208 that i1s initially presented in the viewport of the client device 204, thereby
enabling the map view to be changed (e g., panned or zoomed) without requiring the
chient device 204 to mitiate another network call to the map server 104, As such, an
update to the map view will occur faster than it would otherwise occur 1f the chient device
204 was required to make an additional network call to obtamn a different map space.

As shown, the initial map view 208 mcludes electronic components {e.g., map
pins) that visually identify the geographic locations of several points of interest in the
initial map view 208, The points of interest can be visually identified in an overlay that is
transmitted to the chient device 204 by the overlay server 108 As discussed above, the
points of interest visually identified by electronic components (e.g., map pins) in a given
map view may not be the full set of the points of interest that were selected by the points
of interest selection server 120 in response to the request. For example, the map view
208 does not include any electronic components identifying points of interest i the zoom
area 213, which is visually presented in the map view 214 that visually identifies four
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points of interest using electronic components {e.g., map pins). The overlay can also be
stored in the local client memory 216, such that the points of interest presented in updated
map views can be dynamically updated without requiring the client device 204 to mitiate
another network call to the overlay server 108.

The electronic map interface 206 includes a change view control 210 {e.g., zoom
function “+” and “-) that enables the user to modify the map view 208 that is presented
in the electronic map interface 206. For example, user interaction with the change view
control 210 1nitiates a process 212.

Process 212 includes detection, by the client device 204, that the user has
interacted with the change view control 210, In response to detecting the user interaction,
the client device 204 updates the map view and the POI based on the user mteraction with
change view control 210. In some implementations, the update to the map view and the
update to the POI displaved with the updated map view 1s performed using the map space
and overlay information that was previously provided to the chient device and cached at
the chent data store 216 1n response 1o a previous request for the map space.

For example, in response to detecting an interaction with a change view control
{e.g., a zoom or pan in the map view) the client device 204 will identify a geographic area
that should be presented in the electronic map interface based on the interaction. The
chient device 204 can then evaluate the geographic area that is mcluded in (e g,
graphically represented by) the previously cached map space {e.g., by comparing a range
of geographic coordinates that will be included in the updated map view to a range of
geographic coordinates included in the previously cached map space). When the chent
device 204 determunes that the geographic area that should be presented in the electronic
map interface 1s included n the previously cached map space, the client device 204
updates the map view to present a different portion of the previcusly cached map space in
the electronic map interface.

The client device 204 selects updated (e.g., different) points of interest that will be
visnally identified in the updated map view (g.g., using “map pin” icons), thereby
resulting n an updated POl display. The POI that will be visually identified in the
updated map view can be selected based on information about the different portion of the

1
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previcusiy cached map space that is selected for presentation. In some implementations,
the client device 204 identify POI that are located at geographic locations that are
included in the updated map view, for example, using information provided with the
overlay mformation that was previcusly cached at the client device 204 in response to a
previous request for a map space. For example, the overlay information may include an
index that maps POl to geographic locations {(e.g., geographic coordinates) and/or “tiles”
of the map space.

A tile of a map space 1s a portion of a segmented map space, and a tile can have a
unigue identifier that is used to distinguish that tile from other tiles that make up the map
space. As such, the overlay information can specify that particular POY are within a
given map tile by mapping (or otherwise indexing) the unique identifier of the given map
tile to the particular POL  As such, when the client device 204 determines that a
particular tile 1s being presented in the updated map view (e.g., by accessing or reading
the unuque 1dentifier of the tile), the client device 204 can identify the POI that are
meluded 1o that particular tile based on those POT being mapped to the unique dentifier
of the tile (e.g., by comparing the unique wdentifier of the tile to the tile identitier that has
been associated with the POT) in the overlay information that was previously cached at
the client device 204,

As discussed in more detail with reference to Fig. 3, the number of POI that are
visually wdentified (e.g., using a visual component, such as a map pin 1con) m the updated
map view can be limuted based on the pre-determined POI density threshold parameters
that are provided to the client device 204 with the overlay information. Different pre-
determined POI density threshold parameters can be mapped to different zoom levels
(and/or other device display characteristics including viewport boundaries} to prevent
cluttering of the map space when presented at various zoom levels, thereby enhancing the
user experience with the electronic map interface. This mapping of pre-determined POL
density threshold parameters to zoom levels can be stored in the local client memory 216
when the overlay information is provided to the chient device 204, thereby preventing the
client device 204 from having to mitiate a network call for this information when a user
interacts with the change view control 210. Caching the pre-determined POI density
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threshold parameters at the client device 210 reduces the latency associated with updating
the map view because the chient device 204 will not have to contact a remote server in
response to each user interaction with the change view control 210, which facilitates
more fluid interaction with the map space.

The pre-defined POI density threshold parameters can also be used to hmait the
number of POl that must be identified and pre-cached at the client device 204, thereby
reducing the amount of data that needs to be stored at the client device 204, Additionally,
a set of personalized POI for the user accessing the electronic map interface can be
generated by ranking the POI based on historical information associated with the user, as
discussed in detail below with reference to FIG. 3. In some implementations, only the set
of highest ranked POI are provided to the client device, where the number of POl
icluded in the set can be hinuted to the maximum number of POI that could be presented
according to the highest pre-determuned point of interest threshold density that s
associated with the map space.

It 1s conceivable that, in some scenarios, the set of the highest ranked POIs for
which visual components are displayved may still be co-located within a small region of
the viewport. One such scenario may be, for example, when a user views the map ata
very low zoom level in which a city occupies a very small number of pixels i the
display. Whilst this could give rise to clutter in that part of the image, the problem will
stifl be resolved upon zooming in on that location; as the zoom level increases, so the
spacing between the pomts of mterest will naturally increase, reducing chutter. The point
of interest density threshold will m turn place a limit on the number of points of interest
with which the image 13 populated, thereby ensuring that the increased spacing between
points of interest is not compromised by addition of significant numbers of additional
points of interest.

In some implementations, the client device requests an updated map space and
overlay mformation from the server 218 through the network 202, For example, if the
user zooms out and pans the map view outside of the map space previously cached at the
clhient device, then the client device will access the server 218 to request a new map space

and overlay in a manner similar to that discussed above with respect to Fig. 1. Server
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218 can represent multiple distributed server devices {£.g., a separate POI selection server
120, overlay server 108, and map server 104), or a single server device that performs
multiple functions of the separately identified servers in Fig. 1, or a combination of both.

Another sample client device 220 1s a tablet device that has a larger display area
than the client device 204. The client device 220 includes the electronic map interface
{e.g., within a web browser) 222 that presenis map view 224, User interaction with the
change view control 226 {e g., uses a zoom function) initiates process 212 and updates
the map view in the electronic map interface to display a new map view 228 The new
map view 228 can be presented by the client device update from the previously cached
map space and overlay stored at the client data store 230, If the map view 228 is outside
the cached map space, then a request to the server 218 could be made through the
network 202 to recetve a new map space and overlay at the client device.

Ditferent client devices may have different display sizes and/or support different
viewport sizes, and consequentially may display varying numbers of POT for the same
map space and zoom characteristics, due to differences in density thresholds established
for each particular client device with respective display characteristics. For example, the
map views 208 and 224, and updated map views 214 and 228 in Fig. 2 are nominally
showing the same initial and final zoom levels respectively, but present different numbers
of POI due to the difference in viewport sizes. Fig. 3 15 a flow chart of an example
process 300 for generating/distributing an overlay for an interactive map. Operations of
the process 300 can be performed by one or more data processing apparatus, such as the
server 218 of Fig. 2. Operations of the process 300 can be implemented as instructions
stored on a non-transitory computer readable medium, and execution of the mstructions
can cause one or more data processing apparatus {e.g., servers of other computing
devices} to perform the operations of the process 300,

A request for presentation of an interactive map that visually depicts a particular
geographic location s received from a client device (302). In some implementations, the
request is recetved independent of {e.g., without) a search query specifying an
mformational need of a user that submitted the request. For example, the request may be

imitiated when a map application 1s launched at the client device, and the particular
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geographic location can be based on the current location of the client device {e.g, as
specified by GPS data when location based services are enabled at the client device} ora
default location that is pre-specified for the client device.

The interactive map will be presented 1n user interface of the client device in
response to the request. Display characteristics of the user interface can be identified or
determined based on information included in the request. In some implementations, the
display characteristics can be embedded in the request. For example, the display
characteristics can be appended to a URL of the request or included in a specific location
of a data packet recetved with the request. In these situations, the display characteristics
{e.g., size, aspect ratio, resolution, orientation, or other characteristics) can be directly
identified from the request itself.

In some implementations, the request includes information identifying a device
type or specific device identifier and/or application identifier (e g., ModelX Smartphone
Identifier, BrowserY identifier, and/or MapApplication?, identifier). In these situations,
at least some of the display characteristics (e.g., a screen size and/or resolution) of the
client device can be wdentified using a mapping of device model and/or application
wdentifier to display characteristics (e g., screen size and/or display resolution). For
example, the mapping can be searched for an identifier matching the identifier included
m the request, and the display characteristics that are mapped to the matching identifier
can be used as the display characteristics of the chient device that submitted the request.

A map space that includes the particular geographic location 15 selected based on
the request (304). In some umplementations, selection of the map space inchudes the
identification of a portion of the map (e.g., a map tile) that inchudes the particular
geographic location. For example, geographic coordinates of the particular geographic
location can be used to identify the portion of the map that visually depicts the particular
geographic location (e.g., by identifying a map tile that is indexed to the particular
geographic location).

In some implementations, the selected portion of the map will be presented in an
mitial map view that centers the particular geographic location in the viewport of the
client device {or at some other specified location of the viewport). Depending on the
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display characteristics of the client device, a size of the selected portion of the map {e.g.,
map tile}, and/or a size of the viewport in which the selected portion of the map will be
presented, the selected portion of the map may not fill the entire viewport. Therefore,
additional portions of the map may also be selected so that the entire viewport 1s filled
with visual depictions of the map.

The additional portions of the map can be, for example, map tiles that are adjacent
to the map tile that was selected using the particular geographic location. In some
implementations, a map area of the aggregate set of map portions selected in response to
the request will include geographic areas beyond the geographic area included inan
mitial map view. The initial map view 1s the mitial view of the map space that is
presented in the viewport of the client device prior to user interaction with the interactive
map. As such, the map area can include portions of the interactive map that are not
presented m the viewport of the client device {(e.g., off screen) prior to user mteraction
with the interactive map. As discussed above, possible interactions with the interactive
map can include changing a zoom level at which the map space 15 presented and/or
panning left, right, up, or down to change a portion of the map space that 1s presented n
the viewport. Each interaction can inifiate presentation of an updated map view that
presents different map information.

Multiple points of mterest are identified for the selected map space (306}, In
some implementations, the identified ponts of interest have geographic locations that
ware located within a geographic region that 15 visually depicted by the selected map
space. For example, assume that the particular geographic location is the city of Atlanta,
(GA, and that the selected map space includes a map area extending 15 miles from a

g, a radius of 15 miles or a rectangle that 15 15 muiles 11 each of the

=

center of Atlanta {e.
four cardinal directions of North, South, Fast, and West}. In this example, the points of
interest identified for the selected map space can inchude any points of interest that are
within 135 mules from the center of Atlanta.

An overiay is generated for the multiple points of interest {308). The overlay
dynamically presents, at the client device, one or more visual components (e.g., map pin
icons or other icons) at geographic locations of at least some of the identified points of

20



-t
[ev]

20

30

WO 2018/093774 PCT/US2017/061532

interest within the map space. The dynamic presentation of the visual components can
cause the client device to update the points of interest identified by the visual components
in response 1o {e.g., based on) user interaction with a change view control. A change
view control can be, for example, a zoom level control that changes a zoom level at
which the map space is presented in the viewport. The change view control can also be a
panning control that repositions the map space in the viewport {e.g., changing a portion
of the map space presented in the viewport).  As discussed in more detail below, the
particular points of interest visually identified in a given map view can be based on the
display characteristics of the client device, a zoom level of the map view, features of the
map space being presented, user preferences, and/or historical data corresponding to a
user viewing the map.

The generation of the overlay can include ranking the identified multiple points of
interest based on a likelihood of interaction with each of the visual components
representing the points of interest. For example, the ranking can reflect a relevance of
each of the points of mnterest o the user viewing the map space, where more highly
ranked points of interest are considered more relevant to the user than lower ranked
points of interest. In some implementations, the level of relevance of each poimnt of
mterest to the user can be determined based on historical activity of the user or a group of
users similar to the user, as discussed below. The following discussion assumes that
location based services are enabled (e.g., at the client device or in a user account). The
ranking of points of miterest for incluston 1n the overlay may take into account the user’s
actions within the electronic map mnterface (e.g., during previous map viewing sessions
prior to submussion of the request}, or from search queries previously submitted by the
user {e.g., during previous map viewing sessions or through a search engine). For
example, assume that the user visits a particular coffee shop on a regular or even
infrequent basis. In this example, the level of relevance of coffee shops (and the
particular coffee shop) to the user can be adjusted {e.g., increased or decreased) n
proportion to the frequency at which the user visits the particular coffee shop. In the
present example, the user’s visit to the particular coffee shop may coniribute more to the

level of relevance for the particular coffee shop than coffee shops m general because of
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the repeated visits to that same cotfee shop. For example, the contribution of a visit to
the particular coffee shop to the relevance of the particelar coftee shop as a point of
interest may be more heavily weighted than the contribution of this same visit to the
relevance of coffee shops as a category of focations.

Continuing with the example above, the relevance of points of interest that are
within a geographic proximity of the particular coffee shop can also be adjusted based on
the frequency at which the user visits the particular coffee shop {or other points of
mterest in the same geographic vicity). For example, assume that a book store is
located in a same shopping center as the particular coffee shop. In this example, the
relevance of the book store to the user may be adjusted based on the frequency at which
the user travels within a specified distance of the shopping center. More specifically, the
relevance of points of interest near locations visited by the user can be increased based on
their proximity to the user’s historical travel paths and the frequency at which the user
travels along those paths or to particular locations.

The contribution of a user’s visit to a given location on the relevance of a
particular point of interest can be weighted based on the proxamity of the given location
visited by the user to the point of interest. For exaruple, in order for the user visit to the
given location to contribute to the relevance of the point of mnterest, the pont of interest
may be required to be within a specified distance {e.g., miles or travel time) of the given
location. In these situations, points of interest that are not within the specified distance
will not have their relevance adjusted based on the user’s travel to the given location.

Additionally, or alternatively, the effect of a user visit to the given location on the
relevance of a particular point of interest can be weighted based on the distance of the
particular points of interest to the given location. For example, a weight applied to the
visit {o the given location can be a decreasing function in distance relative to the given
location, such that the contribution of the visit to the given location will decrease for
points of interest that are further away from the given location.

In another example, if a particular user’s search query history has included a
reference to a POI found geographically within the map space (e.g., a search for “Atlanta
Children’s Museum™}, then the relevance of the POI to the user may be increased relative

22



10

15

30

WO 2018/093774 PCT/US2017/061532

to other identified points of interest that were not referenced in the user’s search query
history. The frequency of particular searches or categories of searches by the user can
also be used to adjust the relevance of particular points of interest (e.g., the particular
coffee shop} and/or categories of points of interest {e.g., coffee shops generally). For
example, the relevance of a given point of interest category can be increased as the
frequency of searches by the user related to that given point of interest category
mncreases.

The relevance of a given point of interest can also be adjusted using preferences
specified by the user. For example, assume that a particular user requests a map space of
Atlanta, GA that includes the geographic location of Example Science Museum. Also
assume that this particular user has previously specified a preference for points of interest
in the “famuly-friendly activities” point of interest category {e.g., through a selection in
the user’s profile or account settings). In this example, the ranking of Example Science
Museum will be increased relative to other non- “family-friendly activities” points of
interest based on the user’s express indication that they are interested in points of interest
related to “family-friendly activities.”

In addition to ranking POI based on a particular user’s history or preferences, the
preferences and recommendations of the user’s social network connections can also be
used to rank the wdentified POL  The user’s social network may include a set of
mfluential users and/or those users whose geographic location 1s within the area of the
map space provided to the client device. For example, assume that other users that are
connected {e.g., friends, connections, contacts, or otherwise n communication) with the
user i the user’s social network have highly rated a specific yogurt shop {e.g., through
online reviews or by frequency of visit). In this example, when the user requests a map
space that includes the geographic location of the highly rated yogurt shop, the overlay
selection process will be more likely to highly rank and select the highly rated yogurt
shop as a point of interest that is included in the overlay provided with the map space
because of the high rating of the vogurt shop by the user’s social network connections.

The relevance of a given POI for purposes of ranking the POI relative to other

POI may be adjusted based on each POI category to which the given PO belongs. For
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example, a POI representing the Example Science Museum in Atlanta, GA may be
categorized as “museum,” “science museum,” and further “family-friendly activities.” In
this example, the relevance of the Example Science Museum as a POI for a given user
can be based on the ageregate relevance of each POI category to the given user. The
aggregate relevance can be additive {e g, the relevance of each POI category is added to
the relevance of the other POI categories), or the relevance can be determined using a
model that is generated using machine learning techniques and a set of training data {(e.g.,
historical user data and interaction data specifying user interactions with points of
interest). In these situations, the machine learning model can be applied to the historical
data of a given user and avatlable points of interest to provide an interaction likelihood
for each of the avatlable points of mterest. This interaction likelihood can then be
considered the level of relevance of the POI, and used to rank the POI relative to other
POL

As discussed above, the identitied multiple pownts of interest can be ranked based
on one or more of geographic locations previously visited by the user, categories of
locations previously visited by the user, a frequency at which the user has previously
visited different categories of locations, and/or a proxinmity of the points of interest to
previous locations visited by the user. In some implementations, the time of day and/or
day of week can be considered for purposes of the ranking as well. For example, assume
that a user visits the particular coffee shop at the same time each weekday, but then visits
the particular coffee shop two hours later on the weekend. o this example, the time of
day information associated with previous visits to different categories of locations can be
used to increase the relevance of coffee shop points of interest on weekdays at the time of
the weekday visits, and increase the relevance of coffee shop points of interest two hours
later on the weekends.

The overlay 1s generated in a manner that prevents a number of visual
components presented from cluttering the map view, thereby enabling a user to
effectively utilize the map and obtain information from the map while the visual
components of the points of interest are presented. In some implementations, the
generated overlay prevents the number of visual components presented from exceeding a
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point of interest density threshold. The pomt of interest density threshold specifies a
maximum number of visual components (e.g., identifying the geographic locations of
points of interest) that are allowed to be presented in a particular map view. As discussed
above, the point of interest density threshold for a given map view can be selected based
on display characteristics of the client device. For example, a mapping of display
characteristics to point of interest density thresholds that is stored in a data structure can
specify the point of interest density threshold for various combinations of display
characteristics.

In some implementations, the point of interest density threshold can be
determined based on a set of pre-specified rules. For example, a first rule may specify
that the maximum point of interest density threshold ("maximum density threshold”) for
a mobile device 18 5. Meanwhile, one or more additional rules may be used to augment
(e.g., reduce) the maximum density threshold based on other display charactenistics. For
example, if the viewport is not being viewed m full screen mode, a second rule can
specify that the maximur density threshold be reduced by 2 (or some other amount)
visual components. Simtlarly, a thurd rule can specify that the maximum density
threshold be reduced based on a number of other visual components that were selected
for presentation in the map view prior to generating the overlay. For example, the thurd
rule could specity that the maximum density threshold be reduced by 1 for each POI that
was selected for presentation prior 1o the generation of the overlay.

The overlay can be generated to mnclude visual components for a highest ranked
set of the identified points of interest. In some implementations, the highest ranked set of
points of interest can be those points of interest that were determined to have the highest
relevance to the user, as discussed above. The number of points of interest that are
inciuded among the highest ranked set of the identified points of interest can include any
point of interest that 1s potentially presentable given the map space selected and the point
of interest density thresholds for the map space. For example, assume that the maximum
density threshold for any map view of the map space 1s 5. In this example, the 5 highest
ranked points of interest will be mmcluded in the highest ranked set of the identified points

of interest.
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Additional points of interest can also be included in the highest ranked set of
points of interest, for example, to ensure that the overlay includes points of interest for
each potential map view of the map space. For example, assume that after the initial map
view of the map space is presented at the client device, the user pans right to reveal a
different portion of the map space that was not mitially presented. Further assume that
the panning resulted in the geographic location of a point of interest that was visually
wdentified in the initial map view to no longer be presented on screen. In this example,
the highest ranked set of the identified points of interest would need to include a point of
interest having a geographic location that 1s within the newly presented map view to
replace the point of interest that was occluded by the panning.

In some implementations, the highest ranked set of points of interest are selected
based on a combmnation of the likelihood of user interaction with the visual components
wdentifying the points of interest and an adjustment factor. In some implementations, the
combination of the likelihood of user interaction and the adjustrent factor provide a
ranking score that 1s used to rank the points of interest. For example, relationship (1) can

be used to generate the ranking score for each point of interest.

RS, = PI, » AF; (1)
where,
RS; 1s the ranking score of point of interest 7;
Pl 1s the probability of user interaction with the visual component
representing the point of interest 7; and
AF7 s the adjustment factor for the point of interest 7.

The adjustment factor can be any number of values associated with the point of
mterest. For example, the adjustment factor could be a quality metric associated with the
point of interest.  Alternatively, the adjustment factor could be a bid (e g, an amount paid
for user interaction with the point of interest on a map) specified by an entity that 15
associated with the point of interest {(e.g., an owner of a coffee shop).

In some implementations, the set of highest ranked points of interest will be
selected using relationship (2}
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i
n = a‘rgmax_iz P« AF, ., (2}
0

where,

7 15 the number of points of interest mncluded in the highest ranked set of
points of interest;

Pl 13 the probability of user interaction with the visual component
representing the point of interest 7; and

AFii11s the adjustment factor for the point of interest 7+ that ts next
highest ranked relative to the point of interest /.

The overlay can be generated to dynamically change which points of mterest are
identified within a given map view based on the ranking. In some smplementations, the
dynamic change to the presented ponts of interest 1s performed in response to user
mteraction with the interactive map at the client device. For example, a change n the
map view can result in a change in which points of interest are identified by visual
components presented in the map space. More specifically, assume that the point of
interest density threshold for the tmtial map view 1s 3, and that the user interacts with a
zoom control to generate an updated map view having a higher level of zoom {e.g., as
itlustrated by map views 208 and 214 in Fig. 2). In this example, the higher zoom level
may correspond to a point of interest density threshold of 4 {e.g., based on the stored
mapping of zoom levels to density thresholds). As such, the overlay can reveal (e.g,
present) an additional visual component to identify the geographic location of an
additional pomt of interest. In some implementations, the additional point of interest
wdentified by the additional visual component may be the next highest ranked point of
interest that was not 1utially identified in the prior map view. In some implementations,
the rankings are performed separately for different zoom levels, such that a change to the
zoom level may reveal an entirely {or partially) different set of points of interest than was
previously presented.

overlay 1nformation for the overlay 15 cached at the client device (310). In some
implementations, the overlay information includes the highest ranked set of points of

interest, geographic data (e.g., geographic coordinates) identifying the geographic
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locations of the highest ranked set of points of interest, and visual components that are
used to visually identify each of the points of interest in the highest ranked set of points
of interest. Caching the overlay information at the chient device, including points of
interest that are not initially presented in the imitial map view, enables dynamic and
seamless updating of the points of interest presented in subsequent map views as the user
interacts with the map space. For example, the client device 1s not required to initiate a
network call to identify different points of interest for a different map view because the
new points of interest can be obtained locally from the overlay information. As such, the
user can seamlessly interact with the map space and obtain relevant information without
waiting on additional information from remote servers.

In addition to having a specific geographic location associated with each point of
nterest, the point of interest may additionally have other properties including, for
example, an encoded universal resource locator, associated categories, operations-based
iformation {e.g., hours of operation), or other parameters. For example, a point of
mnterest representing the Example Science Museum in Atlanta, GA may mclude a URL of
the museum website, an associated category of “museurn” and “TMAX]” as well as their
dailv hours of operation and ticket prices. Code included in each the visual component
for the Exarmple Science Museum can enable various information to be presented in
response to user mteraction with the visual component. For example, a user hover or
mtial user click of the visual component may reveal information about the point of
mterest in the map view. Additionally, or alternatively, a second user chick on the visual
component may nitiate a request for a web page that 13 linked to by the visual component
{e.g., a website for the point of mterest).

In some implementations, a client device can provide feedback about a particular
point of interest having been selected to appear during a presentation of a map view at the
client device. For example, the client device can provide feedback as to the duration that
the point of interest was within the viewport on the client device, whether the particular
user interacted with the point of interest during the duration, or if a particular point of

interest has appeared mukltiple occasions in the map view within a certain period of time.
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This information can be used to determine whether to log an impression of the point of
interest in the map view.

In some implementations, the map space 1s also cached at the client device. For
example, the portion of the map space that is used to generate the initial map view and/or
additional portions of the map space are cached at the client device to facilitate seamless
transitions between map views. The portion of the map space cached at the chient device
(e.g., in response to the mitial map request) can include portions of the map space that
include geographic areas beyond those presented in the map view prior to user interaction
with the map space {e.g., off screen areas).

The user mterface is updated with the map space and the overlay (312). In some
implementations, the user mnterface 15 intially updated to present the mnitial map view
{e.g., a view of the map space that 15 centered on the particular geographic location) and
visual components identifving one or more ponts of interest in the initial map view. For
example, map view 224 1s an example of a client device with a user interface that was
updated to present an mnitial map view.

After the initial map view 13 presented, the user 1nterface can be further updated
using the cached map space and the cached overlay mformation. For example, a user
interaction with a change view control can be detected, and the zoom level at which the
map space will be presented in response to the user interaction can be identified. For
example, a single user interaction with a zoom level control may increase the level of
zoom by one level. As such, detection of a single user interaction with the zoom level
control may wdentify the zoom level as being one level higher than the current zoom level.

The identified zoom level 1s used to 1dentify a corresponding point of interest
density threshold in the cached overlay information. For example, as discussed above,
the overlay information can include a mapping of zoom levels to corresponding point of
interest density thresholds. This mapping can be accessed, within the cached overlay
information, to locate the identified zoom level, and read the corresponding point of
interest density threshold for the identified zoom level.

A set of points of interest that have a geographic location that 1s visually depicied
in the viewport at the identified zoom level is identified from the cached overlay
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mformation. For example, the client device can access the cached overlay information to
identify which points of interest have geographic coordinates that are within the range of
geographic coordinates of the map view being presented. The rankings of these poinis of
interest can also be identified from the cached overlay information, such that the relative
rankings of these identified points of interest are available to the client device. One or
more of the identified points of interest are then selected to be visually identified in the
map view using corresponding visual components. In some implementations, the number
of the identified points of interest that are selected 15 less than or equal to the
corresponding point of interest density threshold for the identified zoom level. For
example, the selected points of interest can be the highest x ranked points of interest from
the identified points of interest, where x is the points of interest density threshold for the
identified zoom level

In some implementations, the one or more points of interest are selected based on
a device type of the chient device or a screen size of the client device. For example, as
discussed above, the device type {(e.g., tablet, mobile, desktop) and/or model number of
the device may be included in the request. As such, this information can be used to
lookup a screen size and/or resolution of the client device. This information, alone or in
combination with other display characteristics {e.g., a size and/or location of the viewport
in the display) can be used to determine how many points of interest will be selected for
inclusion mn the overlay.

In some implementations, the one or more points of interest are selected based on
a number of points of interest that have been pre-selected for presentation prior to the
current selection of points of interest. For example, assume that prior to selecting points
of interest in response to the user interaction with the change view control, a particular
point of interest {e.g., a federal park} was selected to be identified in the map space. In
this example, the selection of the points of interest in response to the user interaction can
be modified to account for the pre-selection of the particular point of interest. More
specifically, the number of poinis of interest selected can be reduced based on the pre-

selection of the particular point of interest.
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FI1G. 4 1s block diagram of an example computer system 400 that can be used to
perform operations described above. The system 400 includes a processor 410, a
memory 420, a storage device 430, and an mput/output device 440. Fach of the
components 410, 420, 430, and 440 can be interconnected, for example, using a system
bus 450. The processor 410 1s capable of processing instructions for execution within the
system 400. In one implementation, the processor 410 1s a single-threaded processor. In
another implementation, the processor 410 is a multi-threaded processor. The processor
410 1s capable of processing instructions stored in the memory 420 or on the storage
device 430.

The memory 420 stores information within the system 400, In one
implementation, the memory 420 1s a computer-readable medium. In one
implementation, the memory 420 is a volatile memory unut. In another implementation,
the memory 420 is a non-volatile memory unit.

The storage device 430 s capable of providing mass storage for the systerm 400,
In one waplementation, the storage device 430 15 a computer-readable medium. In
various different implementations, the storage device 430 can include, for example, a
hard disk device, an optical disk device, a storage device that 1s shared over a network by
multiple computing devices (e.g., a cloud storage device), or some other large capacity
storage device.

The mput/output device 440 provides input/output operations for the system 400
In one mplementation, the input/output device 440 can mclude one or more of a network
mterface device, e.g., an Ethernet card, a senial communication device, e.g., and RS-232
port, and/or a wireless 1nterface device, e.g., and 802.11 card. In another implementation,
the input/output device can include driver devices configured to receive input data and
send output data to other input/output devices, e.g., keyboard, printer and display devices
460. Other implementations, however, can also be used, such as mobile computing
devices, mobile communication devices, set-top box television chient devices, etc.

Although an example processing system has been described in FIG. 4,
implementations of the subject matter and the functional operations described in this

specification can be implemented in other types of digital electronic circuitry, or in
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computer software, firmware, or hardware, including the structures disclosed n this
specification and their structural equivalents, or in combinations of one or more of them.

An electronic document may, but need not, correspond to a file. A document may
be stored in a portion of a file that holds other documents, mn a single file dedicated to the
document in question, or in multiple coordinated files.

Embodiments of the subject matter and the operations described m this
specification can be implemented in digital electronic circuitry, or in computer software,
firmware, or hardware, including the structures disclosed in this specification and their
structural equivalents, or in combinations of one or more of them. Embodiments of the
subject matter described in this specification can be implemented as one or more
computer programs, 1.e., one or more modules of computer program nstructions, encoded
on computer storage medium for execution by, or to control the operation of, data
processing apparatus. Alternatively, or in addition, the program instructions can be
encoded on an artificially generated propagated signal, e g, a machine-generated
electrical, optical, or electromagnetic signal, that 15 generated to encode nformation for
fransmission to suitable receiver apparatus for execution by a data processing apparatus.
A computer storage medium can be, or be included in, a computer-readable storage
device, a computer-readable storage subsirate, a random or serial access memory array or
device, or a combmnation of one or more of them. Moreover, while a computer storage
medium 13 not a propagated signal, a computer storage medium can be a source or
destination of computer program mstructions encoded n an artificially generated
propagated signal. The computer storage medium can also be, or be included i, one or
more separate physical components or media {e.g., multiple CDs, disks, or other storage
devices}).

The operations described in this specification can be implemented as operations
performed by a data processing apparatus on data stored on one or more computer-
readable storage devices or recetved from other spurces.

The term “data processing apparatus” encompasses all kinds of apparatus,
devices, and machines for processing data, including by way of example a programmable

processor, a computer, a system on a chip, or multiple ones, or combinations, of the
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foregoing. The apparatus can include special purpose logic circuitry, ¢.g., an FPGA
(field programmable gate array} or an ASIC (application specific integrated circuit). The
apparatus can also include, in addition to hardware, code that creates an execution
environment for the computer program in question, e.g., code that constitutes processor
firmware, a protocol stack, a database management system, an operating system, a cross-
platform runtime environment, a virtual machine, or a combination of one or more of
them. The apparatus and execution environment can realize various different computing
model infrastructures, such as web services, distributed computing and grid computing
infrastructures.

A computer program {(also known as a program, software, software application,
script, or code) can be written in any form of programming language, including compiled
or interpreted languages, declarative or procedural languages, and it can be deployed in
any form, including as a standalone program or as a module, component, subroutine,
object, or other unit suitable for use in a computing environment. A computer program
may, but need not, 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 {e.g., one or more scripts stored in a
markup language document), 1n a single file dedicated to the program in question, or in
multiple coordinated files (e g., files that store one or more modules, sub programs, or
portions of code}. A computer program can be deployed to be executed on one computer
or on multiple computers that are Jocated at one site or distnibuted across multiple sites
and mterconnected by a communication network.

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

Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor will recetve
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instructions and data from a read only memory or a random access memory or both. The
essential elements of a computer are a processor for performing actions in accordance
with instructions and one or more memory devices for storing instructions and data.
Generally, a computer will also include, or be operatively coupled to receive data from or
transfer data to, or both, one or more mass storage devices for storing data, e g,
magnetic, magneto optical disks, or optical disks. However, a computer need not have
such devices. Moreover, a computer can be embedded in another device, e.g., a mohile
telephone, a personal digital assistant (PDA}), a mobile audio or video player, a game
console, a Global Positioning System {(GPS) recetver, or a portable storage device{e.g., a
universal serial bus (USB) flash drive), to name just a few. Devices suitable for storing
computer program instructions and data include all forms of nonvolatile memory, media
and memory devices, including by way of example semiconductor memory devices, e g.,
EPROM, EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks
or removable disks; magneto optical disks; and CD ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or incorporated in, special purpose
logic circuitry.

To provide for interaction with a user, embodiments of the subject matter
described 10 this specification can be implemented on a computer having a display
device, e.g., a CRT (cathode ray tube) or LCD (hiqud crystal display) monitor, for
displaying information to the user and a keyboard and a pomting device, e.g., a mouse or
a trackball, by which the user can provide mput to the computer. Other kinds of devices
can be used to provide for interaction with a user as well; for example, feedback provided
to the user can be any form of sensory feedback, e.g., visual feedback, auditory feedback,
or tactile feedback; and input from the user can be received in any form, including
acoustic, speech, or tactile input. In addition, a computer can interact with a user by
sending documents to and receiving documents from a device that is used by the user; for
example, by sending web pages to a web browser on a user’s client device in response to
requests received from the web browser.

Embodiments of the subject matter described in this specification can be

implemented in a computing system that includes a back end component, e.g., as a data
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server, or that includes a middleware component, e.g., an application server, or that

includes a front end component, e.g., a client computer having a graphical user interface
or a Web browser through which a user can interact with an implementation of the
subject matter described in this specification, or any combination of one or more such
back end, middleware, or front end components. The components of the system can be
mterconnected by any form or medium of digital data communication, e.g., a
communication network. Examples of communication networks include a local area
network (“LAN"} and a wide area network ("WAN"), an inter-network {(e.g., the
Internet), and peer-to-peer networks {e.g., ad hoc peer-to-peer networks}.

The computing system can include clients and servers. A client and server are
generally remote from each other and typically interact through a communication
network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to each other.
In some embodiments, a server transmits data {e.g., an 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 generated at the client device (e.g., a result of the user
mteraction) can be received from the client device at the server.

While this specification contains many specific implementation details, these
should not be construed as limutations on the scope of any mventions or of what may be
claimed, but rather as descriptions of features specific to particular embodiments of
particular inventions. Certain features that are described in this specification o the
context of separate embodiments can also be implemented in combination in a single
embodiment. Conversely, various features that are described in the context of a single
embodiment can also be implemented in multiple embodiments separately or in any
suitable subcombination. Moregover, although features may be described above as acting
in certain combinations and even mmtially claimed as such, one or more features from a
claimed combination can in some cases be excised from the combination, and the claimed
combination may be directed to a subcombination or variation of a subcombination.

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
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order shown or in sequential order, or that all illustrated operations be performed, to
achieve desirable results. In certain circumstances, multitasking and paraliel 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 program components and
systems can generally be integrated together in a single software product or packaged
into multiple software products.

Thus, particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims. In some cases, the actions
recited in the claims can be performed in a different order and still achieve desirable
results. In addition, the processes depicted in the accompanying figures do not
necessarily require the particular order shown, or sequential order, to achieve desirable
results. In certain implementations, multitasking and paraliel processing may be

advantageous.
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CLAIMS

1. A system comprising:

a map database that stores map data defining a map;

a map server in communication with the map database that receives a request for
presentation of an interactive map from a user device that visually depicts a particular
geographic location, and selects a map space for presentation i a user interface on the
user device, the map space including the particular geographic location; and

one or more servers that identify multiple points of interest having geographic
locations that are located within a geographic region that is visually depicted by the
selected map space and generate an overlay that dyvnamically presents, at the client
device, one or more visual components at geographic locations of at least some of the
identified points of interest within the map space based on display characteristics of the
client device, including:

ranking the identified multiple points of interest based on a
likelihood of interaction with each of the visual components representing the points of
interest;

generating an overlay that prevents a number of visual components
presented for the 1dentified points of nterest from exceeding a point of interest density
threshold that 1s mapped to display characteristics of the client device in a data structure,
wherein ditferent point of interest density thresholds are mapped to different
combinations of display charactenistics n the data structure; and

generating an overlay that dynamucally changes, based on the
ranking, which points of interest are identified by presented visual components in

response to user interaction with the interactive map at the chent device.

2. The system of claim 1, wherein the map space selected by the map server has a
map area that results 1n at least a portion of the map space being outside of a viewport of

the client device prior to user interaction with the map space.
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3. The system of claim 1, wherein generating the overlay comprises generating an
overlay that updates, at the client device using the cached overlay information, points of
interest identified by the presented visual components based on user interaction with a
change view control that changes a zoom level at which the map space 1s presented in the
viewport, wherein the update is performed without requiring the client device to initiate

an additional network call to the one or more servers.

4. The system of claim 3, wherein updating the points of interest identified by the
presented visual components comprises:

identifying a zoom level at which the map space is being presented in response to
user interaction with the change view control;

identifying, within the cached overlay information, a corresponding point of
mnterest density threshold for the identified zoom level;

identifying, within the cached overlay information, a set of points of interest that
have a geographic location that 1s visually depicted 1n the viewport at the identified zoom
level; and

selecting, from the dentified set of points of interest, one or more points of
nterest to be visually identified using a corresponding visual component, wherein a total
number of the points of interest selected 15 less than or equal to the corresponding point

of interest density threshold for the identified zoom level.

S. The system of claim 4, wherein selecting the one or more points of mterest
comprises selecting the total number of highest ranked points of interest from the

ranking.

6. The system of claim 1, wherein ranking the identified muitiple points of interest
comprises ranking the identified multiple points of interest based on one or more of
geographic locations previously visited by the user, categories of locations previously
visited by the user, a frequency at which the user has previously visited different
categories of locations, time of day information associated with previous visits to
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different categories of locations, a proximity of the points of interest to previous locations
visited by the user, or search queries performed by the user on any supported search

mterface.

7. A method comprising:
receiving, from a client device, a request for presentation of an interactive map in
a user interface that visually depicts a particular geographic location;
selecting, by one or more servers and based on the request, a map space that
includes the particular geographic location;
identifving multiple points of interest having geographic locations that are located
within a geographic region that is visually depicted by the selected map space;
generating, by one or more servers, an overlay that dynamically presents, at the
client device, one or more visual components at geographic locations of at least some of
the identified points of mterest within the map space based on display characteristics of
the client device, including;
ranking the dentified multiple points of interest based on a likelihood of
mteraction with each of the visual components representing the points of interest;
generating an overlay that prevents a number of visual components
presented for the identified points of mterest from exceeding a point of mterest density
threshold that 1s mapped to display characteristics of the client device in a data structure,
wherein different point of interest density thresholds are mapped to different
combinations of display characteristics in the data structure; and
generating an overlay that dynamically changes, based on the ranking,
which points of interest are identified by presented visual components in response to user
imteraction with the mteractive map at the client device; and
caching, at the client device, overlay information for the overlay and a portion of
the map space; and
updating the user interface of the client device with the map space and the

overlay.
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8. The method of claim 7, wherein the map space has a map area that results in at leasta
portion of the map space being outside of a viewport of the chient device prior to user

interaction with the map space.

9. The method of claim 7, wherein generating the overlay comprises generating an
overlay that updates, at the client device using the cached overlay information, points of
interest identified by the presented visual components based on user interaction with a
change view control that changes a zoom level at which the map space 1s presented in the
viewport, wherein the update is performed without requiring the client device to initiate

an additional network call to the one or more servers.

10. The method of claim 9, wherein updating the ponts of imnterest identified by the
presented visual components comprises:

identifying a zoom level at which the map space is being presented in response to
user mteraction with the change view control;

identifying, within the cached overlay information, a corresponding point of
mnterest density threshold for the identified zoom level;

identifying, within the cached overlay information, a set of points of interest that
have a geographic location that is visually depicted i the viewport at the identified zoom
level, and

selecting, from the identified set of points of nterest, one or more pomts of
mterest to be visually wWdentified using a corresponding visual component, wherein a total
number of the points of interest selected 15 less than or equal to the corresponding point

of interest density threshold for the identified zoom level.
It The method of claim 10, wherein selecting the one or more points of interest

comprises selecting the total number of highest ranked points of interest from the

ranking.

40



WO 2018/093774 PCT/US2017/061532

12, The method of claim 10, wherein selecting the one or more points of interest
comprises selecting the one or more points of interest based on a device type of the client

device or a screen size of the client device.

13. The method of claim 10, wherein selecting the one or more points of interest
comprises selecting the one or more points of interest based on a number of points of

interest that have been pre-selected for presentation prior to the selecting.

14, The method of claim 7, wherein ranking the identified multiple points of interest
comprises ranking the identified multiple points of interest based on one or more of
geographic locations previously visited by the user, categories of locations previously
visited by the user, a frequency at which the user has previously visited different
categories of locations, time of day information associated with previous visits to
different categories of locations, a proximity of the points of interest to previous locations
visited by the user, or search queries performed by the user on any supported search

mterface.

15. A non-transitory computer storage medium encoded with a computer program, the
program comprising mstructions that when executed by a data processing apparatus cause
the data processing apparatus to perform operations comprising:

recerving, from a client device, a request for presentation of an interactive map in
a user interface that visually depicts a particular geographic location;

selecting, based on the request, a map space that includes the particular
geographic location;

identifying multiple points of interest having geographic locations that are located
within a geographic region that is visually depicted by the selected map space;

generating an overlay that dynamically presents, at the client device, one or more
visual components at geographic locations of at least some of the identified points of
interest within the map space based on display characteristics of the client device,
including:
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ranking the identified multiple points of interest based on a likelihood of
mteraction with each of the visual components representing the points of interest;
generating an overlay that prevents a number of visual components
presented for the identified points of interest from exceeding a point of interest density
threshold that 1s mapped to display characteristics of the client device in a data structure,
wherein different point of interest density thresholds are mapped to different
combinations of display characteristics in the data structure; and
generating an overlay that dyvnamically changes, based on the ranking,
which points of interest are identified by presented visual components in response to user
interaction with the mteractive map at the client device; and
caching, at the client device, overlay information for the overlay and a portion of
the map space; and
updating the user interface of the client device with the map space and the

overlay.

16. The storage media of claim 15, wherein the map space selected by the map server
has a map area that resulis 10 at least a portion of the map space being outside of a

viewport of the chient device prior to user interaction with the map space.

17 The storage media of claim 15, wherein generating the overlay comprises
generating an overlay that updates, at the client device using the cached overlay
mformation, points of interest identified by the presented visual components based on
user mteraction with a change view control that changes a zoom level at which the map
space is presenied in the viewport, wherein the update 1s performed without requiring the

client device to mitiate an additional network call to the one or more servers.

18 The storage media of claim 17, wherein updating the points of interest identified
by the presented visual components comprises:
identifying a zoom level at which the map space is being presented in response to

user interaction with the change view control;
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identifying, within the cached overlay information, a corresponding point of
interest density threshold for the identified zoom level;

identifying, within the cached overlay information, a set of points of interest that
have a geographic location that is visually depicted in the viewport at the identified zoom
level; and

selecting, from the identified set of points of interest, one or more points of
interest to be visually identified using a corresponding visual component, wherein a total
number of the points of interest selected is less than or equal to the corresponding point

of interest density threshold for the identified zoom level.

19. The storage media of claim 18, wherein selecting the one or more points of
mterest comprises selecting the total number of highest ranked points of interest from the

ranking.

20, The storage media of claim 15, wherein ranking the 1dentified multiple points of
mterest comprises ranking the wdentified multiple points of interest based on one or more
of geographic locations previously visited by the user, categories of locations previously
visited by the user, a frequency at which the user has previously visited different
categories of locations, time of day information associated with previous visits to
different categories of locations, a proximuty of the points of nterest to previous locations
visited by the user, or search queries performed by the user on any supported search

mterface.

21 A method comprising;

receiving, from a client device, a request for presentation of an interactive map in
a user interface that visually depicts a particular geographic location;

selecting, by one or more servers and based on the request, a map space that
includes the particular geographic location;

identifying multiple points of interest having geographic locations that are located
within a geographic region that is visually depicted by the selected map space;

43



WO 2018/093774 PCT/US2017/061532

generating, by one or more servers, an overlay that presents, at the chient device,
one or more visual components at geographic locations of at least some of the identified
points of interest within the map space based on display characteristics of the client
device, wherein generating the overlay includes:
ranking the identified multiple points of interest based on a likelthood of
interaction with each of the visual components representing the points of interest;
selecting a number of the points of interest for which to display respective
visual components, said number being chosen to as to prevent the number of points of
interest for which visual components are presented from exceeding a point of interest
density threshold, the pomnt of interest density threshold being mapped to display
characteristics of the client device in a data structure, wherein different point of interest
density thresholds are mapped to different combinations of display characteristics in the
data structure; and
dynamically changing the overlay, based on the ranking, such that
different points of interest are 1dentified by presented visual components in respounse to
user interaction with the inferactive map at the client device; and
caching, at the client device, overlay imformation for the overlay and a portion of
the map space; and
updating the user interface of the chient device with the map space and the

overlay.

22. The method of claim 21, wherein the map space has a map area that results in at
least a portion of the map space being outside of a viewport of the chent device prior to

aser interaction with the map space.

23, The method of claim 21 or 22, wherein generating the overlay comprises
generating an overlay that updates, at the client device using the cached overlay
information, points of interest identified by the presented visual components based on

user interaction with a change view control that changes a zoom level at which the map
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space is presented in the viewport, wherein the update is performed without requiring the

client device to mitiate an additional network call to the one or more servers.

24. The method of claim 23, wherein updating the points of interest identified by the
presented visual components comprises:

identifying a zoom level at which the map space is being presented in response to
user interaction with the change view control;

identifying, within the cached overlay information, a corresponding point of
interest density threshold for the identified zoom level;

identifying, within the cached overlay information, a set of points of interest that
have a geographic location that is visually depicted in the viewport at the identified zoom
level; and

selecting, from the dentified set of points of interest, one or more points of
nterest to be visually identified using a corresponding visual component, wherein a total
number of the points of interest selected 15 less than or equal to the corresponding point

of interest density threshold for the wdentified zoom level

Z8. The method of claim 24, wherein selecting the one or more points of interest
comprises selecting the total number of highest ranked points of interest from the

ranking.

26. The method of claim 24, wherein selecting the one or more points of mterest
comprises selecting the one or more pomts of interest based on a device type of the client

device or a screen size of the client device.

27. The method of claim 24, wherein selecting the one or more points of interest
comprises selecting the one or more points of interest based on a number of points of

interest that have been pre-selected for presentation prior to the selecting.
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28 The method of claim any one of the preceding claims, wherein ranking the
identified multiple points of interest comprises ranking the identified multiple points of
interest based on one or more of geographic locations previously visited by the user,
categories of locations previously visited by the user, a frequency at which the user has
previcusly visited different categories of locations, time of day information associated
with previous visits to different categories of locations, or a proximity of the points of

interest to previous locations visited by the user.
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