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(57) Abstract: An improved navigation application can generate and display a composite representation of multiple POIs when POI
icons representing the POIs appear to be overlapping. Some embodiments display the composite representation when a cettain zoom
level is reached for a map including the POI icons. The navigation application can determine POIs that may be of interest to the user
based on user attributes (e.g., preferences) and activity history. In certain embodiments, the navigation application can generate the
composite representation based on importance values associated with the POIs. The composite representation can include multiple
POI icons that are displayed adjacent to each other such that a user of the navigation application can readily identity POIs that are
likely to be of interest to the user within a region.



10

J—
L

]
o

30

WO 2015/195191 PCT/US2015/025463

GRAPHICAL REPRESERTATION GENERATION FOR
MULTIPLE POINTS OF INTEREST

CROSS-REFERENCES TO RELATED APPLICATIONS
{6601} This application claims priority to and the benefit of U.S. Provisional Application
No. 62/015,235, filed June 28, 2014, entitled “Graphical Representation Generation For
Maultiple Points Of Interest”, and U.S. Non-Provisional Application No. 14/462,481, filed
Aungust 1§, 2014, entitled “Graphical Representation Generation For Multiple Points Of
Interest”. Each of these applications is incorporated by reference in its entirety for all

purposes.

BACKGROUND
{68021 The present disclosure relates generally to map-based applications for uscin
computer systems and in particular to generating and presenting a graphical representation for

nwltiple pomts of interest (POls).

[6603] Map-based services are commonly accessible via many types of computer systems,
from desktops to handheld devices to navigation devices in vehicle systems. People are
ncreasingly relying on map information provided by map-based services to get frorn one
location to another. A map-based application can enable a user to view maps of different
regions. In some instances, map-based applications can provide turn-by-turn instructions to a
destination location. Various features provided by map-based applications can help a user
navigate through unfamiliar territories. For instance, some map applications may identify
street vames or display visual blocks representing structural objects such as buldings or
bridges in a three-dimensional view. Further, some map-based applications can display POIs

to the user as part of the map mformation.

(66047 Map miormation provided by map-based applhications s useful m providiog users
with a comprehensive understanding of an arca. Users can identify POls and view
wtormation pertaining to those POIs using the muap information presentable by map-based
applications. However, as the amount of information gathered within a given radius
mereases, displaying the large amounts of map wformation on display screens with Hmited
sizes makes finding a particular location difficult. The names of the POIs or their relevant
nformation may be fruncated to a degree such that the user is unable to recognize the POR

she is seeking. In some cases not all of the POI icons representing POIs may be visible due



10

J—
L

20

]
o

WO 2015/195191 PCT/US2015/025463

to the limited size of the display screen relative to the amount of map information being
displayed. The large number of POI icons may become densly packed in an arca such that the

POl icons may no longer be identifigble from cach other.

SUMMARY
[6805] Certain cmmbodiments of the present invention can gencrate and display a composite
POI (also referred to as a composiie representation or graphical representation) that can easily
and visually convey nwltiple POIS to a user. In some embodiments, a navigation application
can display a wap that joclades multiple POI icons representing multiple POls. Hach POI
may have a representative POI icon and text that can identify the POL Depending on a map
scale it which the map 1s being displayed, the navigation application may display onc or
more POl icons within an area where the POI icons are clearly distinguishable from cach
other. In some instances where the POI density 1s high or when the map is zoomed out, the
POI icons may colitde or even overlap cach other. In those instances, the navigation
application may generate a composite POI that inchudes a label and multiple icons where the
label indicates the area tn which the POIs are within and the multiple icons indicate

mformation associated with the POls.

{6806} Sornc crabodiments can provide a method of displaying a composite ropresentation
for a region of interest (RO1} when one of more PO icons representing POIs within the ROI
is colliding or overlapping. In some embodiments, a computing device may receive several
graphical interface items where each of the graphical interface items corresponds to a POL
The computing device can display the several graphical interface items on a display of the
computing device. The computing device can determmne that the several graphical interface
ttems are overlapping. The computing device can display a composite ropresentation on the
display of the computing device in respouse to determining that the several graphical
interface items are overlapping. The composite representation can include several POl icons
representing several POls. In certain embodiments, the several POI icons can be displayed in

an adjacent manner.

{6807} Certain cmbodiments can provide a method of generating a composite
representation for display ou a display of a computing device. 1o some embodiroents, a
server systern that includes one or more servers can determine several graphical interface
tteros where cach of the graphical interface iterns corresponds to a PO6in s map. The one or

more servers can determine that some of the graphical interface items are overlapping e.g.,

N2
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when a map scale or a zoom level associated with the map has changed. The one or more
servers can gencrate a composite representation that represents several POIs in response to
determuuning that the graphical interface tteros are overlapping. The composite representation
can be generated based at least in part upon one or more priority weightings {also referred to
as importance values) associated with one or more of the POls. The one or more servers can
then cause the generated composite representation to be displayed on the display of the

computing device.

[3808]  Other embodiments are divecied to systems, portable consumer devices, and

computer readable media associated with methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[86G9] Various embodiments in accordance with the present disclosure will be described

with reference to the drawings, in which:

(68167 FIG. 1 is a schematic block diagram illustrating a system of some embodiments that
may be configored to present a graphical representation of one or more poinis of interest

when icons representing points of interest may be overlapping or colliding.

{6011} FIG. 2 15 a flow diagram of illustrative process of some embodiments for displaying
a graphical representation of multiple POI icons differently when PO icons may be

overlapping cach other.

{68127 FIG. 3 illustrates an example sequence of screen images of a GUI for an clectronic

device in triggering and presenting a graphical representation.

[6813] FIG. 4 illustrates an example sequence of screen images of a GUI for an electronic
device in displaying a POI icon representing a POI of high iraportance along with the
composite representation after the navigation application has determined to enter an alternate

display mode for an ROL

{6814}  FIG. 5 illustrates an example sequence of screen images of a GUI for an clectronic
device in displaying a composite representation including icons representing service
categories available at a ROI after the navigation application has determined to cuter an

alternate display mode for the ROL

(a2
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[6613] FIG. 6 dlustrates an example sequence of screcn images of a GUI for an electronic
device in displaying a composite representation after the navigation application has

determuned to enter an alternate display roode for an ROL

[8i6]  FIG. 7 15 a flow diagram of illustrative process of some embodiments for generating
a composite representation of multiple POI icons when POl icons within an ROl may be

colliding or overlapping.

(68171 FIG. 8 is a simplified block diagram of a computer system such as a mobile
computing device that may incorporate components of the system in FIG. 1 according fo

some embodiments.

[6818] FIG. 9illustrates another example of an electronic system with which some

erabodiraents of the invention can be froplemented.

(6619} FIG. 10 illustrates a roap scrvice operating environment in accordance with some

embodiments.

DETAILED DESCRIPTION
(66261 In the following description, for the purposes of explanation, specific details are set
forth in order to provide a thorough understanding of embodiments of the wvention.
However, it will be apparent that vartous embodiments may be practiced without these

spectfic details.

[8621] Certain embodiments of the present invention can determine when icons
representing POIs displayed on a map in a graphical interface collide to cause a substituting
graphical representation to be displayed. Overlapping or colhiding 1cous can cause a map
application to appear cluttered or confusing. Embodiments can generate and display a
graphical composite representation that includes a label and several icons adjacent to cach
other. In some erbodiments, the several icons can represent several POls. The label can
wndicate a POL, an ROL an arca of interest, or a location that encorapasses the several POIs.
in one example, the arca or location of interest can be a commuter railroad terminal and the
label can be the terminal’s name (¢.g., Grand Central Terminal). The icons can represent the
different logos of the trains that serve the terminal. In certain embodiments, the icons can be
prioritized based on parameters such as user ridership or importance level and be displayed in

a row such that each icoun may be visibly conveyed fo the user. In some embodiments,
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additional wcons may be present at the terminal, cach representing services available at the

terminal {¢.g., a coffee shop, a restaurant, ctc.).

168221 In some cmbodiments, the level of fraportance of certain points of interest to & user
can be learved from the user’s behavior. For example, the user moay tend to vide trains that
are associated with a certain agency. Therefore, the navigation application may list those
train hnes associated with the certain agency first in the graphical representation. In another
cxample, the user may tend to visit coffee shops as opposed to pharmacies; therefore, the
navigation application roay generate and display a graphical representation that puts the
coffee shop logos before the pharmacy logos. The navigation application can monitor the
user’s past activities and behavior to appropriately identity those POIs that mught be of higher

importance to the user.

(66231 In some cmbodiments, the map-based application can generate and display the
graphical representation for a region when two or more 1cous representing two or rore ponts
of interests within the region are overlapping. Some embodiments may determine that two or
more icons are overlapping when the center of the 1con 18 cqual or fess than a threshold
distance away from the center of another icon. Certain embodiments may determine that two
or more 1eons are overlapping or colliding when the region that encompasses the two or more
icons is at or below a zoom level. In some embodiments, however, different regions may be
associated with different zoom levels such that the ditferent regions may switch to the
graphical representation display at different zoom levels. Once a region switches to the
graphical representation display mode, one or more icons representing onc or more points of

witerests within the region can be roade visible to the user along with a label for the region.

{68247 In some embodiments, depending on an importance level of a PO, the POI may or
may not be collapsed into the graphical representation when icons are overlapping. Sorue
erobodiroents may display the POI separately 1o addition to the graphical representation when
the PO is determined to be of high importance. In certain embodiments, when the map-
based application determines to display a graphical representation for a region or an area of
interest, the importance level of cach POI can be determined. The map-based application
may continue to display the icon representing a POI if the PO has been determined to have

an importance level exceeding a threshold value.

166251 In some cmbodiments, the navigation application has different navigation modes in

which different types of information may be determined to be more important and thus

N
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presented to the user. For example, when the navigation application is 1u a transit mode, the
importance level of certain points of interests such as bus stops or subway lines may increase.
As such, those pownts of interests with a higher importance level may not be collapsed along
with other points of interest into the graphical representation, but displayed separately and in

addition to the graphical representation.

(66261 Differcut erabodimuents may display the graphical representation differently. In
some embodiments, the graphical representation can include a label and multiple icons
representing differcot points of miterests. The different points of interest can be at least a
subset of the points of interests that fall under the region being represented by the label.
Some cmbodiments may display a text portion or a badge indicator along with cach icon.

The badge indicator may indicate a number of points of interest that fall under the category
represented by the icon. Further, some embodiments may include additional badge mdicators
that enable a user to remove the particular category represented by the icon from being
displayed as part of the graphical representation. As described, the navigation application
can prioritize the icons and display the icons in an order. The order of display can be
determuned based on a combination of popularity levels associated with the points of interests,
wnportance levels associated with the points of juterests pre~configured by a developer, a
mode that the navigation application 18 in {e.g., a shopping mode, a driving mode, a walking

mode), the tivoe of the day, the level of tmportance to the user, cic.

[8627] Various embodiments will now be discussed in greater detail with reference to the

accompanying figures, beginning with FIG. 1.
L SYSTEM OVERVIEW

{68287 FIG. 1 is a schematic block diagram tllustrating a system 100 (also referred to as an
apparatus 100 or an electronic device 100} of some embodiments that may be configured to
present a graphical representation of one or more points of interest when icons representing
points of interest may be overlapping or colliding. System 100 can be, for example, a
desktop computer, a laptop computer, a tablet computer, a smartphone, a mobile phone, a
media player, a game console, or any cornbination of computing devices. As shown in this
example, systermn 100 in some embodiments can inchude a user interface 133, a POI collision
etector 110, a graphical representation generator 115, a POI maportance determiner 120, a

mode determiner 125, and a rendering subsystem 130,
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66291 Certain emboduments can provide a navigation application that can generate and
display a graphical representation of multiple points of interests when icons corresponding to
the poiuts of inferests appear to be overlapping. The vavigation application can provide use
interface 105 that can present a map including one or more regions. The region may be a PO
and can include voultiple points of interest. For example, a region such as a shopping
complex can include multiple points of interest such as a restanrant, a grocery store, a
clothing store, a post office, cte. In some embodiments, the POIs can be represented by a pin,
an icon, text or a combination thereof that can be selectable by a user in some instances. User
interface 105 can receive mput from a user such as a touch or gesture input that corresponds
t0 a selection, pan, zoom, or rotate command. User mnterface 105 can also receive other types
of input from the user inchuding voice or movement (¢.g., cy¢ ball moverment or tacial

expression change).

[38308]  In some embodiments, system 100 includes POI collision detector 110 that can
determine whether to switch the display mode for the POIL Different ermbodiments may
trigger the change in display mede differently. In certain embodiments, the display mode for
the POI can be switched when icons of two or more POIs within a region 18 colliding or
overlapping. Sowe embodiments determine that the display mode for the POI can be
switched when the region or the map is being presented at or below a threshold zoom level.
In some embodiments, each region roay have a corresponding zoom level at which the
change in display mode may be triggered. For example, some embodiments may change the
display mode for Shibuya train station when the zoor level is at 50% while the display mode

for Penn station may be changed when the zoom level is at 70%.

{6831} System 100 can also include graphical representation generator 115 that can
generate a graphical representation when POI collision detector 110 has determined that a
change in the display mode is needed. In some embodiments, the graphical representation
can include a label for a region and one or more icons that represent POls in the region, For
example, the graphical representation at Penn Station can include a label “Penn Station” and
multiple icons that are logos representing the differcut transit hnes available at Penn Station,
such as the logos for the New Jersey Transit, the Metro, ete. In some embodiments, the icons
in the graphical representation can be ordered based on a priority weighting. The icons can

be displayed in a manner that can convey the relative importance of POIs to a user.
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[8632] System 100 can include POI importance determiner 120 that can determine a
priority weighting (e.¢., calculate an importance value) for each POI presented on the
graphical interface. POI importance determiner 120 can determine an importance value fora
POI by learning the user’s past activities and behavior such that the navigation application
can score certain POls higher. For instance, if a user typically drinks coffee in the carly
mornings on a regular basis, navigation application may give coffee shops a higher
importance value. In some cmbodiments, POLs exceeding a certain threshold vahlue do not
become collapsed under the graphical representation for the region. Instead, those POIs may

be displayed in conjunction with the graphical representation,

[6033]  System 100 can include mode determiner 125 that can determine a navigation mode
currently associated with the user’s device. Mode determiner 125 can determine the
navigation mode by collecting data on the user’s past behavior and determining the
navigation mode based on a pattern from the user’s past behavior. For instance, if the user
regularly drives home after work around 6 PM, then the navigation application may

etermine that the vavigation mode 1s a driving mode on a typical work day at 6 PM,

[6634] In some embodiments, POT importance determiner 128 can determine an
mportance value for s POI based on a current navigation mode of the navigation application.
Upon determining a current navigation mode, the navigation application can assign a higher
fraportance score {or weighting) to those POIs that arc associated with the navigation mode.
For example, the navigation application can determine that the navigation application is in a
tourist mode and the user’s current location is San Francisco, CA. The navigation application
may assign a higher importance value to locations that tourists raay generally be interested in,

such as Fishorman’s Wharf, Philz coffec inside the Ferry Building, cte.

{3633} System 100 can mclude a rendering subsystern 130 that cnables systera 100 to
render graphical user interfaces and/or other graphics. Rendering subsystem 130 can operate
alone or in combination with other modules of system 100 in rendering one or more of the
user interfaces presented by system 1. For instance, rendering subsystem 130 can
communicate with and periodically poll other modules in system 100 (¢c.g., graphical
representation generator 115) for updated information to update contents of one or more user
interfaces displayed by system 100. In some embodiments, various modules of system 160
can continually provide updated information to rendering subsystem 130 to update the user

interfaces displayed by system 100.
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[6836] System 100 can generate and display a graphical representation of multiple points of
interests when icons corresponding to the points of interests appear to be overlapping. In
some embodiments, a map with regions can be displayed on user interface 105, The
navigation application can receive user input (€.g., a zoom-type gesture, a pan-type gesture,
etc.y via user interface 105, In some embodiments, the user input can cause certain regions o
be zoomed in or out such that icons of points of interest can appear to be overlapping or

colliding.

{68371 POl collision detector 110 can detect whether to enter a modified display mode
where a graphical representation of multiple points of mnterest is displayed. As described,
POI collision detector 110 may determine that the modified display mode has been triggered
to cause the interface to display a graphical representation when a number of pixels between
two or more wons fall below a threshold value or when the map 1s being displayed below a

threshold zoom level {e.g., preset by a user, preset by an administrator}.

[3838] When POI collision detector 110 determines that the modified display mode has
been triggered for a region, graphical representation generator 115 can generate a graphical
representation to be displayed. To generate a graphical representation, graphical
reprosentation gencrator 115 can cause POI iraportance determiner 120 to determine the
umportance of cach POI within the region. POI importance determiner 120 can assess the
fraportance for cach of the POIs within the region based on the user’s past activitics and

behavior,

66839} Based on prior activity history of the user, POl importance determiner 120 may
wdentify those POIs that were frequented by the user or the types of POIs that were frequented
by the user. For example, the user may frequently visit a particular electronics store,
regardless of what region the store 18 located. As such, POL importance determiner 120 may
score the store with a higher iroportance value. In another exarople, the user may frequently
visit a type of POI such as fast food restaurants. As such, POl importance determiner may
score restaurants that fall under the fast foods category with a higher oportance value. In
some embodiments, the user may preconfigure the user’s preferences setting such that PO
fraportance determiner 120 may score POIs based on the additional parameter of the user’s

preferences.

[6046] In some embodiments, POL importance determiner 120 can determine the

importance of a POI to a user based at least partially upon a current mode of the navigation



10

15

25

WO 2015/195191 PCT/US2015/025463

application. Mode determiuner 125 can deterrne the current mode of the navigation
application based on user’s past activities and behavior. In some embodiments, the user can
desiguate the current navigation mode by making a selection within navigation application or

in system preferences.

[6041]  After mode determiner 125 determines a navigation mode, PO importance
eterminer 120 can score POIs based on how relevant a POl is for a particular navigation
mode. For instance, different types of transportation such as transit lines for trains and buses
can be important and useful to a user who is looking for transportation. When the navigation
application is determined to be in a transit mode, POI importance determiner 120 can score

transportation-related POls with higher importance values.

[0642] Graphical representation generator 115 can generate the graphical representation
based on importance values for POls derived from POI importance determiner 120, In some
embodiments, graphical representation generator 115 can generate a graphical representation
that includes several icous representing different POls. The different POIs can be prioritized
and ordered based on importance values obtained from POI importance determiner 120, For
instance, the more important or the higher ranked POIs can be displayed from left to right, or
frorn top to bottom, cte. In certain ermbodiments, the graphical representation may not
include more than a threshold number of icons. Some embodiments may not display icons
representing POIs that do not have an importance score above a threshold value. Dafforent
embodiments may use the importance values obtained from PO importance determiner 120
differently. Rendering subsystem 130 can then render the graphical representation generated

by graphical representation generator 115,

L FLOW GVERVIEW AND EXAMPLES ON PRESENTING A COMPOSITE
REPRESENTATION

(3843} Some embodiments can gencrate and present a graphical composiic representation
for vaultiple POIs in a region when an alternate display wode has been triggered {(¢.g., when
two or more icons representing POIs are overlapping cach other). In some embodiments, the
navigation application can dynamucally combine multiple PO icons into a graphical
representation where the graphical representation can visibly convey the POIs that may be of
mterest to a user within the region. As such, when the navigation application is displaying

the region using the alternate display mode, relevant POIs may be readily viewed by the user

10
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without requiring the user to perform additional actions {e.g., selections, hovering over an
area, etc.). When the navigation application is no longer in the alternate display mode, the
navigation application roay dynamically swiich the display of POI 1cons back to displaying

the individual POl icons at their respective locations.

[6044] FIG. 2 is a flow diagram of illustrative process 200 of some embodiments for
displaying a graphical representation of multiple POI icons differently when POl icons may
be overlapping cach other. In certain embodiments, the graphical representation may be
displayved when several POl icouns are overlapping or colliding. In some embodiments, the
graphical representation may be displayed when one or more POIs or map regions are being
displayed below or beyond a threshold zoom level. Different crabodiments may causce the
graphical representation to be displayed upon different triggers.

[0845] Process 200 can be performed by a single device {e.g., system 100 in FI1G. 1}
including a client device or a server device or any suitable combination of devices. Process
200 will be described by reference to FIG. 3, which illustrates an example sequence of screen
frmages of GUI 300 for an clectronic device 305 1n triggering and presenting a graphical
representation. Electronic device 305 can execute a navigation application of some
cmbodiments and dynamically display a graphical representation when two POT icons

gverlap.

[3846] GUI 300 can include a map 310 that includes several PO icons 315-335
representing different POls. In some instances such as in FIG. 3, the POIs can also be
transportations of interest where each POl icon represents a different transit agency for

with a region of interest (ROF) 340, In this example, ROI 340 is a terminal that hosts several
comrauter services represented by POT 1cons 315-335. In certain crabodiments, additional
PO icons may be displayed, such as POJ icons representing differcut restaurants, pharmacies,

movie theaters, post offices within map 310.

[6047] At block 205 of FIG. 2, process 200 can receive one or more graphical interface
tterns where each of the graphical interface items corresponds to a PO in a map. In some
erabodiments, the map can be displayed on the graphical interface at an initial map scale or
zoom level, In certain embodiments, a user may lavnch a navigation application on the user’s
computing device {¢.g., system 100 in FIG. 1} for example by sclecting an icon representing

the navigation application on a desktop or home screen of the system nterface. Upon

i
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launching the navigation application on the user’s device, the navigation application may
determine a location {(e.g., a current location, a recently-visited location, a destination
location) and receive map nformuation 1nctuding several graphical interface dems
corresponding to multiple POls in a map where the POls are within the vicinity of the
location. The location can be a POI, a ROL or other types of area that is identifiable by a
map. In some embodiments, map information can alse include information on cach POI
within the map {(c.g., ratings, description, hours of operation, phone nuraber, importance level,

and categorization), map image data, and other map-related data.

[6048] At block 210, process 200 can display the graphical interface items on a display of a
computing device. In certain embodiments, the graphical interface tterns can mnclude one or
more logos or icons and a text label. In some embodiments, a graphical interface item may
sitaply be a logo or icon that represents a PO Using the received map information, the
navigation application can determine, based on the determined location, an initial region for
the map to be displayed. The initial region may mclude the multiple POIs that are within the
vicinity of the determined location. The navigation application can then display a map
ncluding the one or more POIs specified by the map information. As shown in stage 345 of
FIG. 3, graphical interface items 315-335 can be displayed on GUI 300 that is part of a

software application {e.g., a navigation application).

[6049] At block 215 of FIG. 2, process 200 can determine whether a user input {e.g., a
gesture input) directed to the map has been received. The user input can correspond to a
selection, a panning operation, a zooming operation, a rotating operation, etc. Depending on
the type of 1nput, the navigation application may perforr different operations. For instance,
if the input is a panning gesture, the navigation application may retrieve additional map
mformation corresponding to the new arca resulted from or directed to by the panning gesture.
In another instance, the input may correspond to a zoom type gesture that causes a change in
the map scale associated with the map. I the input corresponds to a zoom operation, the
navigation application may retrieve additional map information such as additional POI icons
based on the new map scale. W process 200 determines that an input has not been received,
then process 200 returns to block 210 to continue to display the graphical interface items on

the display of the computing device.

{68567 At block 220, if an input has been received, process 200 can determine whether the

graphical interface items (e.g., POl icons} are overlapping or colliding. In some
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erobodiroents, the navigation application can determuve that some of the graphical interface
iterns on a graphical interface are overlapping or colliding when a number of pixels between
two PO icouns fall below a threshold value. Some embodiments determine that the cons
appear to be overlapping based on a zoom level (e.g., preset by a user, preconfigured by a
system adroinistrator). In certain embodiments, cach ROI can be associated with a different
zoom threshold {e.g., specified by a system administrator or operator) such that the alternate
display mode associated with the ROI can be triggered upon reaching the zoom level

associated with the particular ROL

[6051]  Asshown in stage 350 of FIG. 3, GUI 300 has zoomed out. The map scalc can be
indicated by the map scale meter 360, As the zoom level is lowered, the user can see a higher
level of structures within the vicinity. However, POI icons 315-335 begin to collide and
overlap. In some mnstances, the POI icons are no longer recognizable. In other instances, the
POI icons may completely overlap each other such that the user may be unaware of an

existence of a POI in the region.

(3652} Returning to FIG. 2, at block 225, process 200 can display a composite
representation on the display of the computing device. The composite representation can
include POI icons displayed in an adjacent manner in sornc crabodiments. The navigation
application can display the composite representation for a RO that inchudes multiple POIs
instead of the individual POI 1cons when an alternate display mode has been triggered for the
POI As described, the alternate display mode for the ROI can be triggered when two or
more icons associated with the multiple POls collide or overlap. In some embodiments, the
alternate display mode for the PO can be triggered when the zoom level is at or below a
threshold level. In certain emnbodiments, the threshold level at which the alternate display
mode can be friggered may be different for different POIs. For instance, the alternate display
mode for an RO may be triggered at a threshold value higher than for another ROL In
certain exobodivaents, the alternate display wode for the POI can be triggered when the zoom
fevel for a map or the map scale (ratio of a distance on the map to a corresponding distance
on ground) falls below a threshold value or ratio, regardiess of whether the icons overlap or

not.

168531 In some cmbodiments, the composite representation is only displayed when the
zoom level 18 at or below a threshold level. When the zoom level 1s readjusted to be above a

certain threshold level, the navigation application may no longer display the composite
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representation. Further, in some embodiments, when the zooro level 18 at or below another

threshold level, the navigation application may display only the iabel of the ROL

[6054] As shown in stage 355 of FIG. 3, GUI 300 displays & compostte representation 375
that includes a label 365 and four icons 370, In some embodiments, the composite
representation may include all the POI icons representing all the POIs within the ROL In
certain embodiments, the composite representation way display only a nurnber of POI icons
up to a threshold number (e.g., specified by a user or a system administrator). The PO icons
may be displayed 1o an adjacent manuer such that cach POLicon is readily visible by the user,
regardless of the zoomed out state of the map or the map scale. Different embodiments may
the user need not perform additional selections or actions {e.g., a hovering over a particular

areg or region in the map) in order to make the 1cons visible and readily accessible to the user.

[3855]  In some embodiments, the composite representation rmay display POI icons m an
order {e.g., from left to right, from top to bottom) based on an importance level (e.g.,
frportance to the user, importance to the general public), a preference level {e.g., preference
of a user), or an interest fevel {e.g., Hikelihood of interest to a user). For instance, the
navigation application may determine that certain types of transportation or certain transit
agencies in the transit scenario may have a higher level of importance compared to others.
As such, the navigation application may present the POI icons corresponding to those transit
ageucies or types of transportation n an order in accordance with the level of importance.
The level of importance or the level of preference may be determined based on any of a
ourober of factors, such as geuneral vidership, a frequency in which the user would ride with
certain agencics or certain types of transportation, etc. Further, some embodiments may only

display POI icons for POIs that have ansimportance level beyond a threshold value.

668561 Iu some ernbodiments, the navigation application may present one or more POIs in
addition to a composite representation when the one or more POIS have been identified of
high imoportance. In some embodiments a POI can be identified to be of ligh froportance
when an importance value associated with the POI is above a threshold value. FIG. 4
ittustrates an example sequence of screen images of GUI 400 for an electronic device 405 n
displaying a POI icon representing a PO of high importance along with the composite
representation after the navigation application has determined to enter an altcrnate display

maode for an ROL

14
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[B8571  Some embodiments may display a notation {e.g., a flag, a tag, a pin, a star, text) in
addition to a composite representation when the map on the GUI has zoomed out to a certain
zoom level. In FIG. 4, stages 445 and 450 are similar to stages 345 and 350 10 FIG. 3. At
stage 455 in F1G. 4, a pin 410 can be displayed along with composite representation 475

when the alternate display mode for ROF 440 has been triggered.

[BO58] v this instance, the aliernate display mode for RO 440 can be triggered when PO
icons 415-435 overlap each other beyond a threshold amount {¢.g., 70% overlap between two
or more cons, 40% overlap among three or more icons). In some embodiments, the alternate
display mode can be triggered when only two icons overlap more than a threshold amount.

In certain embodiments, the alternate display mode can be triggered when more than two

icons overlap beyond another threshold amount.

{68591 Some embodiments may display one or more notations along with the composite
representation in the alternate display wode when one or oore POIs have been determined to
have an importance value that exceeds a threshold value. In some embodiments, a POI icons
representing a particular PO may be displayed regardless of its importance value. Those
PO tcons can be preset by a8 user or preconfigured by a system administrator. In some
cembodiments, those POIs can be identified by category or by name of the POIL. For instance,
a user may configure the system preferences such that a pin identification may appear in any
region with a bookstore regardiess of whether the region s being displayed in the alternate
display mode. In another instance, the user may specify specific stores such as Target® to

have an identification or notation whenever it is within the map’s range.

{68667 Somnc crabodiments can create a compostic representation that identifies categories
of services available in an area. In some embodiments, a composite representation can
mclude icons representing different types of services avatlable in a ROL The navigation
application in some embodiments may generate and display the composite representation
when the RO is displayed at a zoom level lower than a threshold. In some embodiments, the
navigation application can generate and display the composite representation for the RO
when the display size of the ROI is below a threshold value (e.g., 32 x 32 pixel grid) or below

a threshold percentage (e.g., 3%) of the graphical user interface.

(68611 Iu some erubodiments, the navigation application may opt to wdentify categories of
services available in an area when the navigation application 18 in a travel or tourist mode.

Iostead of displaying icons representing individual brands of stores and restaurants, the
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navigation application in tourist/travel mode dentifies those service categories that might
interest a traveler the most, such as restroom services, gas services, ¢tc. In this example, the
navigation application voay autoratically detect that the user is 1o a tounist/iravel mode when
the user is not in an arca that is near home or when the user 18 in an arca that the user has not
frequented in the past. The navigation application may then generate a composite
representation that would be most useful to a traveler when the map is being viewed at or

cxceeding a threshold map scale {or zoom level).

138621 FIG. 5 illustrates an example sequence of screen images of GUI 300 for an
electronic device 505 in displaying a composite representation including icons representing
service categories available at a ROT 540 after the navigation application has determined to
enter an alternate display mode for the ROL As shown in stage 545, a plaza is vistble on QU
500. The plaza 1s an ROI that the user is currently viewing., Within the plaza, there are
several facilities including stores, fuel stations, restrooms, and restaurants. In certain zoom
tevels, GUT 500 may present individual icons for cach of the stores and restaurants available

at the plaza.

[6663] In stage 550, the user has caused the map to zoom out such that RO 540 s below a
threshold size or percentage of the displayed map. The map scale 1s adjusted as shown in
map scale indicator 360, Icons 515-535 representing different service categories appear to be
overlapping as ROI 540 is zoomed out. In some cxamples, only two icons associated with

the ROI may be overlapping while several other icons may vot be overlapping.

(6864} Iun stage 555, the navigation application enters an alternate display mode for the ROl
540 such that icons 515-535 are no longer overlapping or colhiding. The navigation
application displays composite representation 575 that includes icons 515-535. The icons are
displayed in a side-by-side manner in one or more rows where the icons are readily visible to
the user. In some instances, the icons displayed as part of composite representation may
overlap minimally for acsthetic reasons {¢.g., below a threshold percentage such as 5%). In
certain erobodivoents, the icons are displayed in an order based on the relative iroportance of
their respective POIs. In some embodiments, icons of POIs corresponding to different

service categories can be displayed in different rows. For example, icous of different types of

restaurants (e.g., Joc’s Burgers, Sally’s diner} may be displayed in a first row while icons of
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[8663] In some embodiraents, RO 540 can have more than five service categories. The
navigation application may identify those service categories that may be of high interest to a
travel in some embodiments when the navigation application is in a travel mode. In certam
ernbodiments, the navigation application may identify those service categories that may be of
high interest to a user based on the user’s past activitics and behavior. For example, if the
user typically stops in a lot of locations for coffec or restrooms, then navigation application
may identify those categorics of having higher iruportance values. Thus, navigation
application may include those service icons when generating and presenting the composite
representation. Some embodiments may also present wcons in the coraposite representation in

an order based on an importance value associated with each of the icons.

[6866] Some embodiments can identify POIs that the user has high interest in based on the
frequency of past visits, how recent the visits were, the amount of tirne spent at cach POL, the
aumber of times that the user visits a website associated with the PO, or any other software
apps associated with a PO that the user has on the user’s device, ¢te. The navigation
application may then consider the user’s interest in generating and causing the composite
representation to be displayed on the user’s device. In some cmbodiments, the navigation
application roay be in a shopping voode where the navigation application may identify POIs

that may be of high interest to the user when the user is shopping.

(6867} FIG. 6 illustrates an example sequence of screen images of GUI 600 for an
electronic device 603 in displaying a composite representation after the navigation

application has determined to onter an alternate display mode for an ROL

[G868] At stage 645, ROI 640 that corresponds to g shopping mall can be displayed. One
or more icons representing different POIs within ROJ 640 can be displayed. At stage 650, the
zoom level decreases such that the user can get a more comprehensive bird’s eye view of the
arca. At stage 6353, the zoom level decreases shghtly further compared to stage 650, The
navigation application presents composite representation 675 when the alternate display
mode has been triggered for ROI 640, 1o this example, coraposite representation includes
five icons that represent five different specific stores available at the mall.

[3869] As described, the navigation application can assign iraportance values fo cach store
based on the user’s activity history and preferences (preconfigured and/or fearned
preferences). The preferences can be indicated by one or more selections or identifications of

witerest by the user. Upon determining those POIs of high interest to the user based on the
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fraportance values, the navigation application can generate composite representation that
includes five of the stores with the highest importance values compared to the rest of the
stores in RO 640 that may be of interest to the user. Some embodiments may only select
those POIs that have importance values excecding a threshold value for presentation to the

USCr.

HI. FLOW FOR GENERATING A COMPOSITE REPRESENTATION

[867¢] In some embodiruents, the map service {also referred to as navigation service or
mapping service) can generate a composite representation for display on a client device when
an overcrowding of POI icons may occur. By generating a compeostie represeutation for
display, a user may readily recognize the relevant POIs within a region without having to
zoom in. In certain embodiments, the map service may 1dentify POls within a RO that may
be of high interest to the user and use PO icons corresponding to those POIs in the
gencration of the composite representation. As such, the most relevant POls within a region

may be identified to the user in a clear and efficient manner.

{3871 FIG. 7 is a flow diagram of illustrative process 700 of some embodiments for
generating a compostie representation of nmultiple POIL icons when POI 1cons within an ROI
may be colliding or overlapping. The navigation application in some embodiments may
causc the composite representation to be displaved on a display of 4 computing device. In
some embodiments, process 700 can be performed by a server system such as one or more
map servers. In certain erabodirnents, process 700 can be performed by a combination of

client and server devices.

168721 At block 7035, process 700 can determine several graphical interface items where
cach graphical interface ttem corresponds to a POL Upon launching s navigation application,
the computing device can send a position or an RO of the computing device {(e.g., a current
location, a last-scarched location, a newly-searched location, etc.} to a map server and the
map server can identify map wformation including graphical interface items corresponding to
different POls. In some embodiments, a location or an RO can include multiple POIs or can
be associated with a number of POIs. For instance, the user may be located in a shopping
mall where there are multiple stores as POIs within the region. In certain embodiments, the

map information can inchude map image information for rendering the map on the display.
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(66731 At block 710, process 700 can cause the graphical interface iterns to be displayed on
a display of a computing device. In some embodiments, the graphical interface items can
wmclude a POT icon, a text label, a syrabol, additional information on a POI, or a corabination
of these. The server may cause a PO to be differently displayed on a computing device
based on a zoora level or a preference level 1o sorwe ewobodiments. For instance, the server
may cause the device to display a graphical interface item including a text label, ratings on a
location, and a logo when the zoom level 1s fairly high. In another instance, the server may
canse the device to display a graphical interface ttern including merely a logo when the zoom
level is low. Differcut crabodiments may causc the graphical interface items to be displayed

differeutly.

168747 Atblock 7135, process 700 can determine whether an indication of a gesture tnput
has been received at the computing device. If an indication of a gesture input has not been
received, then the determination is made again. In some embodiments, a client device can
detect whether a gesture mput directed at the client device has been received and send the
indication that a gesture input has been received to one or more map servers. In certain
cmbodiments, the gesture input can be 8 pan, a rotate, a zoom, or other type of input. In some
embodiments, the map server can receive an indication of a change 1o the map scale from an

initial map scale to a new map scale.

(6673} If an indication of 4 gesture input has been received, then at block 720, process 700
can determine whether graphical interface iteras are overlapping. Some embodiments may
determine that graphical interface items are overlapping when a pixel distance between two
graphical interface items {(e.g., a4 center of the graphical jnterface item, a center of a logo of a
graphical interface item, or the edges of the graphical interface items) 15 less than a threshold
distance. In some embodiments, the graphical interface items can be determined {o be
overlapping when more than two or more graphical interface items are overlapping for over a
threshold percentage. Different embodiments way identify whether the graphical interface
tterns are considered to be overlapping. If the graphical interface items are not determined to
be overlapping, process 700 can return to block 705 and determine several graphical interface

items corresponding to different POIs.

(68761 In certain embodiments, instead of determining whether graphical interface items
are colliding or overlapping, process 700 may determine whether a particular zoorn level {or

map scale) has been reached. In some embodiments, if process 700 determines that the
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gesture mput 18 a zoom operation, then process 700 may determine whether the new zoom
level is below a threshold value. As described, an alternate display mode for the ROI can be
triggered when two or more icons associated with the multiple POIs collide or overlap. In
some embodiments, the alternate display mode for an ROI can be triggered when the zoom
level ts at or below a threshold level, In certain embodiments, the threshold level at which
the alternate display mode can be triggered may be different for different POIs. For instance,
the alternate display mode for an ROI may be triggered at a threshold value higher than for

another ROL

{68777 If the graphical interface items are determined to be overlapping, at block 725,

~
7
i

process 700 can determine an importance value for each POL In some embodiments, the
navigation application can calculate an importance value for a POl by assessing whether this
POI has been frequently visited by the user o the past, whether this POl 15 a type of
establishiment that the user generally visits, whether the POI is related to a navigation mode
that the navigation application is currently under, whether this 18 a gencrally popular PO1 for
the public, whether the system administrator has identified this POI as one of high interest or
mmportance. The importance value for g POI can be deternuned differently in cach

embodiment.

[6878] At block 730, process 700 can generate a graphical representation to be displayed
on the user’s device. In sorne ernbodiments, the navigation application can prioritize the
POIs based on their importance values. The graphical representation can mclude icouns

representing different POls in an order with descending importance values.

{68791 At block 735, process 700 can cause the generated corposite representation to be
displayed on a display of the computing device. In some embodiments, upon gencrating the
composite representation, the map scrver can send data associated with the compaosite
representation to the computing device and cause the composite representation to be rendered
on the display of the computing device. As described, the composite representation for an
ROI can melude several icons or logos associated with moultiple POIs wheo the altervate

display mode is triggered for the ROL

[6080] [v somce embodiments, the generated coraposite representation is only displayed
when the zoom level is at or below a threshold level. When the zoom level is readjusted to be
above a certain threshold level, the navigation application may no longer display the

composite representation. Further, in some embodiments, when the zoom level 1s at or below
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another threshold level, the navigation application may display avother composite
representation for the RO This other composite representation may include POI icons or

graphical logos for POls that have importance values above another threshold value.

V., ELECTRONIC 5YSTEM

{68811  Many of the above-described features and applications are implemented as software
processes that are specified as a set of instructions encoded on a computer readable storage
mediumn. When these program instructions are executed by one or more computational or
processing unit(s) {€.g., one or more processors, cores of processors, or other processing
units), the program instructions cause the processing unit(s) to perform the actions indicated
by the instructions. Examples of computer readable storage media include, but are not
himited to, CD-ROMs, flash drives, random access memory (RAM) chips, hard drives,
erasable programmable read-only memories (EPROMSs), electrically erasable programmable
read-only memories (EEPROMSs), etc. The computer readable storage media do not include

carrier waves and electronic sigoals passing wirelessly or over wired connections.

[G882]  In this specification, the term “software” refers generally to sequences of
instructions that, when executed by the processing unit{s) cause one or more compuicr
systems to perform various operations, thus defining one or more specific machine
impleroentations that execute and perform the operations of the software progrars.
“Software” can include firmware residing in read-only memory or applications stored in
magnetic storage which can be read into mergory for processing by one or rmore processoers.
In some embodiments, multiple software inventions can be implemented as sub-parts of a
larger program while remaining distinct software inventions. In certain embodiments,
muliiple software inventions can also be iraplemented as separate programs. Auvy
combination of separate programs that together implement a software invention described
here is within the scope of the mnvention. In some embodiments, the software programs,
when installed to operate on one or more electronic systems, define one or more specific

machine implementations that execute and perform the operations of the software programs.
A, Mobile Device
{38831 In certan embodiments, the navigation application can operate on a mobile

computing device such as a smartphone or a tablet. FIG. & is a simplificed block diagram of a

corputer systern such as a mobile coraputing device 800 that may incorporate components of
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the syster i FIG. 1 according to some embodiments. Additional examples of mobile
computing devices can include laptops, personal digital assistants (PDAs), set-top boxes, ¢tc.
Meobile computing device 800 includes one or more processing units 803, a memory wnterface

810, and a peripherals interface 815,

[3084] Peripherals interface 815 is coupled to various sensors and subsystems, including
camera subsystern 820, wireless communication subsystem(s) 825, audio subsystem 838, /O
subsystem 835, cte. Peripherals interface 815 enables communication between processing
unit{s) 805 and various peripherals. For example, ovientation secusor 845 (¢.g., a gyroscope)
and acceleration sensor 850 {¢.g., an accelerometer) are coupled to peripherals interface €15

to facilitate orientation and acceleration functions.

[B683] Camecra subsysterm 820 is coupled to one or more optical sensors 840 {(e.g., a
charged coupled device {CCD) optical sensor, a complementary metal-oxide semiconductor
{CMOS) optical sensor, ete.). Camera subsystem 820 coupled with optical sensors 840
facilitates camera functions, such as image and/or video data capturing., Wireless
comraunication subsystera 8235 serves to factlitate corarmunication functions. In some
embodiments, wireless communication subsystem 8235 includes radio frequency receivers and
transmaitters and optical receivers and transmitters {not shown here). These receivers and
transmitters can be implemented to operate over one or more communication networks such
as a GSM network, a Wi-Fi network, a Bluctooth network, etc. Audio subsysterm 830 is
coupled to speaker 892 to output audio {¢.g., navigation instructions}. Audio subsystern 830
can also be coupled to microphone 894 to facilitate voice-enabled functions (e.g., voice

recognition for commands, digital recording, etc.).

[3886] 1/0 subsystem 835 involves the transfer between VO peripheral devices (e.g., a
display, a touchscreen, eic.) and the data bus of processing unit(s) 805 through peripherals
mterface 815, VO subsystem 835 can include touchscreen controller 833 and other input
controllers 860 to facilitate the transfer between 1/0 peripheral devices and the data bus of
processing units 805, As shown, touchscreen controller 855 can be coupled to touchscreen
865. Touchscreen controller 855 can detect contact and movement on touchscreen 865 using
any of multiple touch sensitivity technologies. Other input coutrollers 860 can be coupled to
other /O devices, such as one or more buttons. Some embodiments include a near-touch
sensitive screen and a corresponding countroller that can detect near-touch interactions mnstead

of or in addition o touch interactions.
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(66871 Memory interface 810 can be coupled to memory 870, In some embodiments,
memory 870 can include volatile memory (¢.g., high-speed RAM)}, non-volatile memory
{c.g., tlash memory), and/or any other types of memory or a corabination thereof. As shown
in FIG. ¥, memory 870 can store operating system (05} 875, OS 875 can include instructions

for handling basic system services and instructions for performing hardware dependent tasks,

[B688] Memory 8780 can also include communication instructions 880 to facilitate
communicating with one or more devices, graphical user interface instructions 882 fo
facilitate graphical user interface processing, itnage processing nsiructions 884 to facilitate
irnage-related processing and functions, input processing instructions 886 to facilitate input-

related (e.¢

.&., touch mput) processes and functions, audio processing instructions S8 to

factlitate audio-related processing and functions, and camera instructions 890 to facilitate
camera-related processes and functions. The instructions described above are merely
exemplary and memory 870 can include addition and/or other instructions in some
erabodiraents. For instance, the memory for a smartphone may include additional phone
instructions to facilitate phone-related processes and functions. The memory may also
include instructions for a navigation application as well as other applications. The described
mstructions need not be impleroented as separate software programs or modules. Various
functions of the mobile computing device can be implemented in hardware and/or in
software, wnchading 1o one or more signal processing and/or application specific integrated

Circuits.

(66891 While the components ithustrated in FIG. 8 are shown as separate components, one
of ordinary skill in the art will recognize that two or more components may be witegrated mto
one or more integrated circuits. In addition, two or more components may be coupled
together by one or more communication buses or signal lines. Also, while many of the
functions have been described as being performed by one component, one of ordinary skill in
the art will recognize that the functions described with respect to FIG. 8 may be separated

into two or more integrated circuits.
B. Electronic System
[6890] FIG. 9 illustrates another cxample of an electronic system 900 with which some

erobodiroents of the invention can be iroplemented. Electronic system 900 can be

implemented as any of various computing devices, including, ¢.g., a desktop computer, a
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laptop computer, a tablet computer, a phone, a PDA, or any other type of electronic or
computing device, not limited to any particular form factor. Such an clectronic system can
wclude various types of corputer readable roedia and interfaces for various other types of
computer readable media. Electronic system 900 can include bus 9035, processing unit{s} 9190,

storage subsystern 920, network interface 9235, mput devices 930, and output devices 935,

(668911 Processing anit{s) 910 can include a single processor, which can have ove or more
cores, or multiple processors. In some embodiments, processing unit(s) 910 can mnclude a
general-purpose primary processor as well as one or more special-purpose co-processors such
as graphics processors, digital signal processors, or the like. In some embodiments, sone or
all processing units 910 can be implerented using custornized circuits, such as application
specific integrated circuits {ASICs) or field programmable gate arrays {(FPGAs). In some
cmbodiments, such integrated circuits execute instructions that are stored on the circuit tiself.
In other embodiments, processing unit{s} 910 can retrieve and execute instructions stored in

storage subsystem 920.

[3092] Storage subsystem 920 can include various memory units such as a system memory,
a read-only memory {ROM), and a permanent storage device. The ROM can store static data
and instructions that are needed by processing unit{s) 910 and other modules of electronic
device 900. The permanent storage device can be a read-and-write memory device, This
permanent storage device can be g non-volatile memory untt that stores mstructions and data
even when computer system 900 is powered down. Some embodiments of the invention can
use a mass-storage device {such as a magnetic or optical disk or flash memory) as a
permanent storage device. Other embodiments can use a removable storage device {e.g., &
floppy disk, a flash drive} as a permanent storage device. The system memory can be a
read-and-write memory device or a volatile read-and-write memory, such as dynamic random
access memory. The system memory can store some or all of the instructions and data that

the ProCessor needs at runtime.,

{38931 Storage subsystern 920 can include any corabivation of computer readable storage
media including semiconductor memory chips of various types {(DRAM, SRAM, SDRAM,
flash oemory, programrable read-only mewory) and so 920 can inchude removable storage
media that can be readable and/or writeable; cxamples of such media include compact disc
(CD), read-only digital versatile disc (e.g., DVD-ROM, dual-layer DVD-ROM), read-only

and recordable Blue-Ray® disks, ultra density optical disks, flash memory cards (e.g., SD
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cards, mind-SD cards, micro-SD cards, etc.}, magnetic “foppy” disks, and so on. The
computer readable storage media do not include carrier waves and transitory electronic

signals passing wirelessly or over wired connections,

138941 In some embodiments, storage subsystem 920 can store one or more software
programs to be exccuted by processing unit{s) 910, such as an application 915, As
meuntioned, “software” can refer to sequences of nstructions that, when executed by
processing unit(s) 910 cause computer system 900 to perform various operations, thus
defining one or more specific machine implementations that execute and perform the
operations of the software programs. The instructions can be stored as firmware residing in
read-only memory and/or applications stored in magnetic storage that can be read into
memory for processing by a processor. Software can be implemented as a single program or
a collection of separate programs or prograrm modules that interact as desired. Programs
and/or data can be stored in non-volatile storage and copied in whole or in part to volatile
working memory during program execution. From storage subsystem 920, processing unit{s)
810 can retrieve program instructions to execute and data to process in order to execute

varipus operations described herein.

[G895] A user interface can be provided by one or more user input devices 930 and user
output devices 935 such as a display. Input devices 930 can include any device via which a
user can provide signals to computing systern 900; corputing systera 900 can interpret the
signals as indicative of particular user requests or jnformation. In various embodiments,
input devices 930 can include any or all of a keyboard touch pad, touch screen, mouse or
other pointing device, scroll wheel, click wheel, dial, button, switch, keypad, microphone,

and so on.

[3696] Uscr cutput devices 935 can include a display that displays images gencrated by
electronic device 900 and can include various image generation technologies, ¢.g., a cathode
ray tube (CRT), liquid crystal display (LCD), light-emitting diode (LED) including organic
tight-ermitting diodes (OLED), projection system, or the like, together with supporting
electronics {¢.g., digital-to-analog or analog-to-digital converters, signal processors, or the
like). Some embodiments can inchude a device such as a touchscreen that function as both
input and output device. In some embodiments, other user output devices can be provided in
addition to or instead of a display. Examples include indicator lights, speakers, tactile

“display” devices, printers, and so on.
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(668971  lu some erubodiments, user output devices 935 can provide a graphical user
interface, in which visible image clements in certain arcas of user output devices 935 such as
a display are defined as active elements or control elements that the user selects using user
input devices 930, For example, the user can manipulate a user input device to position an
on-screen cursor or pointer over the control element, then click a bution to indicate the
selection. Alternatively, the user can touch the control clement {e.g., with a finger or styhus)
on a touchscreen device. In some embodiments, the user can speak one or more words
associated with the control element {the word can be, ¢.g., a labe] on the element or a
function associated with the elernent). In some embodiments, user gesturcs on 4
touch-sensitive device can be recognized and interpreted as input commands; these gestures
can be but need not be associated with any particular array in the display. Other user

witerfaces can also be implemented.

[6898] Network interface 925 can provide voice and/or data communication capability for
electronic device 300, In some embodiments, network interface 925 can include radio
frequency {RF) transceiver components for accessing wireless voice and/or data networks
{c.g., using ccllular telephone technology, advanced data network technology such as 3G, 4G
or EDGE, WiFi (IEEE 802.11 family standards, or other mobile coromunication
technologies, or any combination thereof), GPS recetver components, and/or other
components. In some embodiments, network interface 925 can provide wired network
connectivity {¢.g., Ethernet) in addition to or instead of a wireless interface. Network
witerface 925 can be umplemented using a combination of bardware (¢.g., antennas,
modulators/demodulators, encoders/decoders, and other analog and/or digital signal

processing circuits) and software coraponents.

(66991 Bus 905 can mclude various system, peripheral, and chipset buses that
communicatively connect the numerous internal devices of clectronic device 900, For
example, bus 305 can communicatively couple processing unit{s) 910 with storage subsystem
920. Bus 905 also connects to input devices 930 and user output devices 935, Bus 905 also
couples clectronic device 900 to a network through network interface 925, In this manner,
electronic device 900 can be a part of a network of multiple computer systems (¢.g., a local
area network (LAN), a wide arca network (WAN), an Intranet, or a network of networks,
such as the Internet. Any or all components of electronic device 900 can be used in

conjunction with the mvention,
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[0168¢] Some embodiments include electronic compounents, such as microprocessors,
storage and memory that store computer program instructions in a computer readable storage
medium. Many of the featares described n this specification can be implernented as
processes that are specified as a set of program instructions encoded on a computer readable
storage medium. When these program instructions are executed by one ot more processing
units, they cause the processing unit{s) to perform various operation indicated in the program
nstructions. Examples of program instructions or computer code include machine code, such
as is produced by a compiler, and files including higher-level code that are executed by a

cormputer, an electronic component, or a NUCTOPTOCESSOT using an interpreter.

{3101} Through suitable programming, processing unit(s}) 910 can provide various
functionality for electronic device 900. For example, processing unit(s) 910 can execute
application 915 that can provide various functionality such as the ability to deternune
whether an alternate display mode has been triggered (e.g., from an overlapping of two or
more icons, from a zoom level falling below a threshold level), the ability to generate a
composite representation representing multiple POIS associated with an RO, the ability to
display the compaosite representation to a user, and so on. In some embodiments, application
915 can cause a graphical compeostie representation to be readily presented to a user by user
gutput device 935 when POI icons for multiple POIs within an RO begin to overlap or

collide,

(01627 It will be appreciated that computer system 900 is illustrative and that variations and
modifications are possible. Computer system 900 can have other capabilities not specifically
described here {e.g., global positioning systern (GPS), power management, one or more
cameras, various connection ports for connecting external devices or accessories, gic.).
Further, while coraputer system 900 13 described with reference to particular blocks, it is to
be understood that these blocks are defined for convenience of description and are not
ntended to iaply a particular physical arrangement of component parts. Further, the blocks
need not correspond to physically distinct components. Blocks can be configured to perform
various operations, €.g., by prograniming a processor or providing appropriate cortrol
circuitry, and various blocks might or might not be reconfigurable depending on how the
nitial configuration is obtained. Embodiments of the present invention can be realized ina
vartety of apparatus including electronic devices implemented using any combination of

circuitry and software.
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V. MAF SERVICE ENVIRONMENT

0163} Various embodiments may operate within a map service operating environment.
FIG. 10 illustrates a map service operating environment 1000 in accordance with some
embodiments. A map service 1005 (also referred to as navigation service) can provide map
services for one or more client devices 1010a-1010¢ in communication with map service
1003 through various corrounication methods and protocols. Map service 10035 can provide
map information and other map-related data, such as two-dimensional map image data (e.g.,
acrial view of roads using satellite imagery), three-diroensional map image data (e.g.,
traversable map with three-dimensional features such as buildings), route and direction
calculations (¢.g., ferry route caleulations or directions between two points for a pedestrian),
real-time navigation data (e.g., turn-by-turn visual navigation between two points for a
pedestrian}, real-time navigation data (¢.¢., turn-by-turn visual navigation data in two or three
dimenstons}, location data {e.g., where the client device is currently located), and other
geographic data {¢.g., wircless network coverage, weather conditions, traffic information, or
nearby POls). In vartous embodiments, the map service data may include localized labels for
names, city names, POls) o differcut languages on chicut devices. Client devices 1010a-
10190¢ may usc these map services by obtaining map service data. Client devices 1010a-
1010c¢ can oplement various fechuiques to process map service data. Chent devices 1010a-
1010¢ can then provide map services to various entitics, including, but not limited to, users,
witernal software or hardware modules, and/or other systems or devices external to clicot

device 1010a-1010c¢.

{6104} In some embodiments, a map service is implemented by one or more nodes in a
distributed computing system. Fach node may be assigoed one or more services ot
components of a map service. Some nodes may be assigned the same map service or
component of a map service. o some ermnbodivoents, a load balancing node can distribute
access or requests to other nodes within a map service. In certain embodiments, a map
service can be implemented as a single system, such as a single server. Differcnt modules or
hardware devices within a server may implement one or more of the various services

provided by the map service.

[G105] A map service in some crnbodiraents can generate map service dats in various

formats to provide map services. In some embodiments, oune format of map service data is

28
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map image data. Map image data can be provided to a client device so that the client device
can process the image data {e¢.g., the rendering and/or display of image data as a two-
dimensional or three-dimensional map). Map image data, whether in two- or three-
dimensions, can specify onc or more map tiles. A map tile can be a portion of a larger map
fmage. Assembling the map tiles of a map produces the original map. Tiles maay be
generated from map image data, routing or navigation data, or any other map service data. In
some embodiments, map tiles are raster-based map tiles, with tile sizes ranging from any size
both larger and smaller than a commonly used 256 pixel x 256 pixel tile. Raster-based map
tiles may be encoded in any number of standard digital image representations including, but
not imited to, Bitmap (bmp), Graphics Interchange Format {_ gif}, Joint Photographic Experts
Group {jpg, 1peg, etc.), Portable Networks Graphic { png), or Tagged Image File Format
{(.tiffy. In some embodiments, map tiles are vector-based map tiles, encoded using vector
grpahics, including, but not limited to, Scalable Vector Graphics {svg) or a Drawing File
{.drw). Some embodiments also include tiles with a combination of vector and raster data.
Metadata or other information pertaining to the map tile may also be included within or along
with a map tile, providing further map service data to a client device. In vatious
ernbodiments, a map tile is encoded for transport using various standards and/or protocols,

some of which are described in examples below.

(01661 Iu various embodiments, map tiles may be constructed froro image data of different
resolutions depending on zoom level. For instance, for low zoom level {e.g., world or globe
view}, the resolation of map or image data need vot be as high relative to the vesolution at a
high zoom level {c.g., city or strect level). For example, when in globe view, there may be no
need to render street level artifacts as such objects would be so small as to be neghgible in

many cases.

(61071 A map service in some embodiments performs various techniques to analyze a map
tile before encoding the tile for transport. This analysis roay optimize map service
performance for both client devices and a map service. In some embodiments, map tiles are
analyzed for complexity, according to vector-based graphic techniques, and constructed using
complex and non-complex layers. Map tiles can also be analyzed for common image data or
patterns that roay be rendered as image textures and constructed by relying on image masks.
in some embodiments, raster-based image data in a map tile contains certain mask values,

which arc associated with one or more textures. Sorne crabodimaents can also analyze map
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tiles for specified featurcs that may be associated with certain map styles that contain style

1dentifiers.

[G108] Other map services can generate raap service data relying upon various data formats
separate frovo a map tile. For instasce, map services that provide location data may use data
formats conforming to location service protocols, such as, but not limited to, Radio Resource
Location services Protocol (RREP, TIA 801 for Code Division Multiple Access (CDMA),
Radio Resource Control (RRC) position protocol, or LTE Positioning Protocol (LPP).
Certain embodiments may also receive or request data fror client devices identifying device
capabilities or attributes (¢.g., hardware specifications or gperating system version) or
comraunication capabilitics (¢.g., device communication bandwidth as determined by

wireless signal strength or wire or wireless network types).

(61091 A map service may obtain map service data from internal or external sources. For
wstance, satellite iroagery used i map 1mage data may be obtamed from external services, or
internal systems, storage devices, or nodes, ete. Other examples may include, but are not
himited to, GPS assistance servers, wircless network coverage databasces, business or personal
directories, weather data, government information (e.g., construction updates or road name
changes), or traffic reports. A map service in sore ernbodiments may update roap scrvice

data {e.g., wireless network coverage) for analyzing future requests from client devices.

{6118} Various embodiments of a map service may response to client device requests for
map services. These requests may be for a specific map(s) or portions of a map. Some
embodiments can format requests for a map as requests for certain map tiles. In some
cembodiments, requests can also supply the map service with starting locations (or current
locations) and destination locations for a route calculation. A client device can also request
map service rendering information, such as map textures or style shects. In at least some
erobodiroents, requests are also one of a series of requests implementing turn-by-tarn
navigation. Requests for other geographic data may include, but are not limited to, requests
for current location, wireless network coverage, weather conditions, traffic information, or

nearby POIs.

{6111} [In some emnbodituents, a map service can analyze client device requests to optimize
a device or map service operation. For instance, a map service may recoguize that the
location of a client device 18 in an area of poor communications {¢.g., weak wireless signal)

and send more map service data to supply a client device in the event of loss of
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comrnunication or send instructions to use different chient hardware (¢.g., orientation sensors)
or software (e.g., use wircless location services or Wi-Fi positioning instead of GPS-based
services). In another example, a map service can analyze a client device request for vector-
based map image data and determine that raster-based map data can better optimize the map
fmage data according to the image’s coraplexity. Embodiments of other map services may

perform similar analysis on client device requests.

[6112] In certain embodiments, client devices {e.g., client device 1010a-1010¢) can be
impleroenied on different portable-multifunction device types. Client devices 1010a-1010¢
can use map service 1030 through vartous communication methods and protocols. In some
erabodiraents, client devices 1010a-1010¢ can request or receive map service data. Client
devices 1310a-1010c can then process map service data (e.g., render and/or display the data)
and can scnd the dats to another software or hardware roodule on the device or to an external

device or system.

[G113] A client device in some embodiments can implement techniques to render and/or
display maps. These maps may be requested or received in vartous formats, such as map tiles
as described above. A client device may render a map in two-dimensional or three-
dimensional views. In some embodiments, a chient device can display a rendered map and
allow a user, system or device providing input to mantpulate a virtual camera in the map,
changing the map display according to the virtual carcra’s position, orientation, and field-of-
view. Various forms of input devices are implemented to manipulate a virtnal camera. In
some embodiments, touch input, through certain single or combination gestures {¢.g., touch-
and-hold or a swipe) can roanpulate the virtual camera. Some embodiments allow
manipulation of the device’s physical location to manipulate a virtual camera. For instance, a
clhient device may be tilied up from its current position to roanipulate the virtual carera to
rotate upward. In another instance, a client device may be tilted forward from its current
position to move the virtual cawera forward. Other input devices to the chent device may

inchade auditory input {e.g., spoken words}, a physical keyboard, mouse, and/or joystick.

[0114] Some embodiments can provide various visual feedback to virtual camera
manpulations, such as displaying an animation of possible virtual camera manipulations
when transitioning from two-dimnensional map views to three-dimensional map views. Some

cembodiments also allow mmput
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(0115} In some embodiments, a clent device can implement a navigation system {e.g.,
turn-by-turn navigation) where the navigation system can provide directions or route
wtormation that can be displayed to a user. A client device can request divections or a route
calculation from a map service. A client device can receive map image data and route data
from a map service. In some embodiments, a client device can fmplement a turn-by-turn
navigation system, which provides real-time routing and direction information based upon
location information and route information received from a map service and/or other location
systems, such as a Global Positioning System (GPS). A client device can display map image
data that reflects a current location of the client device and update the map image dats in real-
time. A navigation system can also provide anditory and/or visual directions to a user for the

user to follow a certain route.

[61i6] A virtual camera can be implemented to manipulate navigation map data according
to some embodiments. In some embodiments, the chient device can adjust the virtual camera
display oricntation to bias toward the route destination. Some embodiments allow the virtual

camera to navigate turns by siroulating the oertial motion of a virtual camera.

(0117} Client devices can implement various techniques to utilize map service data from
map service. Sorne crbodiments mmplement techniques to optimize the rendering of two-
dimensional and three-dimensional map image data. In some embodiments, a clicut device
can locally store rending information. For instance, a chient device can store a style sheet,
which provides directions rendering for image data containing style identifiers. In another
instance, comumoen image textures can be stored to decrease the amount of map tmage data
transferced from a map service. In some embodiments, client devices can iraplement various
modeling techniques o render two-dimensional and three-dimensional map image data,
exarnples of which nclude, but are not limited to, generating three~-dimensional buildings out
of two-dimensional building footprint data; modeling two-dimensional and three-dimensional
map objects to determioe the client device communication environment; generating models to
determine whether map labels are seen from a certain virtual camera posttion; and generating

models to smooth transitions between map image data.

[0118] v some erubodiments, the chient devices also order or prioritize map service data o
certain technigues. For instance, a client device can detect the motion or velocity of a virtual
camera, which if exceeding certain threshold values, can load and render lower-detail image

data for certain arcas. Other instances include rendering vector-based curves as a series of
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points, preloading wap fmage data for areas of poor coromunication with a map service,
adapting textures based on display zoom level, rendering map image data according to

complexity, ctc.

[G118]  In some embodiments, client devices can comumunicate using vartous data formats
scparate from a map tile. For instance, some client devices can implement Assisted Global
Positioning Satellites {A-GPS) and communicate with location services that utilize data
formats conforming to location service protocols, such as, but not limited to, Radio Resource
Location services Protocol (RRLP), TIA 801 for Code Division Multiple Access (CBMA),
Radio Resource Control (RRC) position protocel, or LTE Positioning Protocol (LPP). Client
devices may also reccive GPS signals directly. Embodiments may also send data, with or
without solicitation from a map service, identifying the client device’s capabilities or
attributes (e.g., hardware specifications or operating systern version) or cornmunication
capabilities {e.g., device communication bandwidth as determined by wireless signal strength

or wire or wircless network type).

(6128} FIG. 10 illustrates an crbodiment of an operating environment 1000 for map
service 1030 and client devices 1002a-1002¢. In some embodiments, devices 1002a, 1002h,
and 1002¢ cornmunicate over one or more wire or wireless networks 1010, For example,
wircless network 1010, such as a celtular network, can communicate with a wide arca

network {WAN) 1020, such as the Internet, by use of gateway 1014, Gateway 1014 can
provide a packet oricuted mobile data service, such as Geuveral Packet Radio Service (GPRS),
or other mobile data service allowing wircless networks to transmit data to other networks,
such as wide area network 1020, Likewise, access device 1012 {(e.g., IEEE 802 11g wireles
access device ) provides communication access to WAN 1020, Devices 1002a and 1002b can
be any portable electronic or computing device capable of communicating with a map service
Device 1002¢ can be any non-portable electronic or computing device capable of

communicating with a map service

[B121] In some embodiments, both voice and data communications are established over
wireless network 1010 and access device 1012, For example, device 1002a can place and
receive phone calls €e.g., using voice of Internet Protocol {(VoIP) protocels), send and receive
c-mail messages (e.g., using Simple Mail Transfer Protocol (SMTP) or Post Office Protocol 3
(POP3)), and retrieve clectronic documents and/or strearns, such as web pages, photographs,

and videos, over wireless network 1010, gateway 1014, and WAN 1020 (e.g., using
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Transmission Control Protocol/Internet Protocol (TCP/IP) or User Diatagram Protocol (UDP)).
Likewise, in some implementations, devices 1002b and 1002¢ can place and receive phone
calls, send and receive e~-mail messages, and retrieve electronic documents over access device
1012 and WAN 1020, In various embodiments, any of the iliustrated client devices may
comrnunicate with map service 1030 and/or other service(s) 1050 using a persistent
connection established in accordance with one or more security protocols, such as the Secure

Sockets Layer (SSL) protocol or the Transport Layer Sceurity (TLS) protocol.

[3122]  Devices 1002a and 1002b can also establish communications by other means. For
example, wircless device 1002a can communicate with other wircless devices {e.g., other
devices 1002b, cell phones, cte.) over wircless network 1010, Likewise, devices 10022 and
10026 can establish peer-to-peer communciations 1040 {(e.g., a personal area network) by use
ot one or more comrnunication subsystems, such as Bluctooth® communication. Device
1002¢ can also establish peer-to-peer communications with devices 1002a or 1002b. Gther
cormrunication protocols and topologies can also be implemented. Devices 1002a and 1002b

may also receive Global Positioning Systera (GPS) signals from GPS satellites 1060.

[6123] Devices 1002a, 1002b, and 1002¢ can commumicate with map service 1030 over
ong or more wired and/or wircless networks, 1012 or 1010, For example, map service 1630
can provide map service data to rendering devices 1002a, 1002b, and 1002¢. Map service
1030 may also communicate with other services 1050 to obtain dats to implement map
services. Map service 1030 and other services 1050 may also receive GPS signals from GPS

satellites 1060,

[60124] In various cmbodiments, map service 1030 and/or other service(s) 1050 can be
configured to process search requests from any of the client devices. Search reguests may
include but are not imited to queries for businesses, addresses, residential locations, POIs, or
some combination thereof. Map service 1030 and/or other service(s) 1050 can be covfigured
to return results related to a variety of parameters including but not imited to a location
entered into an address bar or other text entry field (including abbreviations and/or other
shorthand notation), a current map view (¢.g., user may be viewing one location on the
multifunction device while residing in another location), current location of the user (e.g., in
cases where the current map view did not include search results), and the current route (if
any). In various embodiments, these parameters may affect the composition of the search

results (and/or the ordering of the search results) based on different priority weightings. In



10

J—
L

]
o

30

WO 2015/195191 PCT/US2015/025463

various embodiments, the search results that are returned may be a subset of results selected
based on specific criteria including but not limited to a quantity of times the search result
(e.g., a particular POI) has been requested, a measure of quality associated with the search
result (¢.g., highest user or editorial review rating), and/or the volume of reviews for the

search results (e.g., the number of times the search result has been review or rated).

[0123] In various embodiments, map service 1030 and/or other service(s) 1050 are
configured to provide auto-complete search results that are displayed on the client device,
such as within the mapping application. For instance, auto-complete search results may
populate a portion of the screen as the user enters one or more search keywords on the
multifunction device. In some cases, this feature may save the user time as the desired search
result may be displayed before the user enters the full search query. In various embodiments,
the auto complete search results may be search results found by the client on the client device
(e.g., bookmarks or contacts), search results found elsewhere (e.g., from the Internet) by map
service 1030 and/or other service(s) 1050, and/or some combination thereof. As is the case
with commands, any of the search queries may be entered by the user via voice or through
typing. The multifunction device may be configured to display scarch results graphically
within any of the map display described herein. For instance, a pin or other graphical
indicator may specify locations of search results as POIs. In various embodiments,
responsive to a user selection of one of these POIs (e.g., a touch selection, such as a tap), the
multifunction device is configured to display additional information about the selected POI
including but not limited to ratings, reviews or review snippets, hours of operation, store
status (e.g., open for business, permanently closed, etc.), and/or images of a storefront for the
POI. In various embodiments, any of this information may be displayed on a graphical

information card that is displayed in response to the user’s selection of the POI.

[6126] In various embodiments, map service 1030 and/or other service(s) 1050 can provide
one or more feedback mechanisms to receive feedback from client devices 1002a-1002¢. For
instance, client devices may provide feedback on search results to map service 1030 and/or
other service(s) 1050 (e.g., feedback specifying ratings, reviews, temporary or permanent
business closures, errors etc.); this feedback may be used to update information about points
of interest in order to provide more accurate or more up-to-date search results in the future.
In some embodiments, map service 1030 and/or other service(s) 1050 may provide testing

information to the client device (¢.g., an A/B test) to determine which search results are best.
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For instance, at random intervals, the client device may receive and present two search results
to a user and allow the user to indicate the best result. The client device may report the test
results to map service 1030 and/or other service(s) 1050 to improve future search results
based on the chosen testing technique, such as an A/B test technique in which a baseline
control sample is compared to a variety of single-variable test samples in order to improve

results.

[3127] While the invention has been described with reference to numerous specific details,
one of ordinary skill in the art will recognize that the invention can be embodied in other
specific forms without departing from the spirit of the invention. For instance, many of the
figures illustrate various touch gestures (e.g., taps, double taps, swipe gestures, press and hold
gestures, etc.). However, many of the illustrated operations could be performed via different
touch gestures (e.g., a swipe instead of a tap, etc.) or by non-touch input (e.g., using a cursor
controller, a keyboard, a touchpad/trackpad, a near-touch sensitive screen, etc.). In addition,
a number of the figures conceptually illustrate processes. The specific operations of these
processes may not be performed in the exact order shown and described. The specific
operations may not be performed in one continuous series of operations, and different
specific operations may be performed in different embodiments. Furthermore, the process
could be implemented using several subprocesses, or as part of a larger macro process. Thus,
one of ordinary skill in the art would understand that the invention is not to be limited by the

foregoing illustrative details, but rather is to be defined by the appended claims.
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WHAT IS CLAIMED 1S;

I A method comprising:

receiving, by a computing device, a plurality of graphical interface items, cach
of the plarality of graphical interface items correspounding to a point of interest (POD on a
map, wherein the map is associated with a map scale;

displaying the plurality of graphical wnterface items on a display of the
computing device;

receiving an input that causcs a change i the map scale to a new map scale;

determining that the plurality of graphical interface iters are overlapping
when the map 18 in the new map scale; and

displaying a composite representation on the display of the computing device
in response to deternuning that the plurality of graphical interface ttems are overlapping, the
compaosite representation inchuding a plurality of PO icons representing a plurality of POIs,

wherein the plurality of POI icons are displayed in an adjacent manner.

2. The method of claim 1 wherein the plurality of graphical interface
ftems are determoined to be overlapping when a nuraber of pixels between at least two of the

plurality of graphical interface items is below a threshold value.

3. The method of claim | wherein determining that the plurality of
graphical interface items are overlapping includes deternuning a current zoom level
associated with the computing device, wherein the phuarality of graphical interface tteras are

determined to be overlapping based on the current zoom level.

4. The method of claim 1 wherein displaying the plurality of POI icons in
an adjacent manner includes displaying the plurality of POI icons in a row and wherein the
composite representation further includes a label ropresenting a region of interest (ROT) that

is associated with the plurality of POIs.

5. The method of claim 1 further comprising:
associating cach of the POIs with an important level; and
deterraining that a POI in the plurality of POIs has an importance level

cxceeding a threshold value, wherein a graphical interface item associated with the POR s
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displayed in addition to the composite representation when the plurahity of graphical interface

iterns are determined to be overlapping,

6. The method of claim | wherein a graphical interface item includes a

POl icon and a label associated with the POl represented by the graphical interface ttem.

7. The method of claim 1 wherein the composite representation
represents the plurality of POIs, wherein a first POI in the plurality of POIs is a first transit
line at 4 transit station and a second POI in the plurality of POIs 15 4 sccond transit line at the
transit station, wherein the composite representation inchudes a label for the transit station,
and wherein the coraposite representation further includes one or more 1cons being logos of

the first transit line and the second transit line.

K. A method comprising:

wdentifying, at a scrver systern, a plurality of graphical interface iterns, cach of
the plurality of graphical wnterface items corresponding to a poind of interest (POD) on a map,
wherein the map 18 associated with an initial map scale;

receiving an indication of a change i the wap scale to a new roap scale;

determining that the plurality of graphical interface items are overlapping
when the map is in the new map scale;

generating a composite representation that represents a pharality of POls in
response to deterrnining that the plarality of graphical interface items are overlapping,
wherein the composite representation is generated based at least in part upon one or more
iraportance valucs associated with one or more of the plurality of POls; and

causing the generated compostie representation to be displayed on a display of

a coraputing device.

9. The method of claim § further comprising:

monitoring user activity to determine one or more POIs of interest to the a
user; and

calculating the importance value associated with each of the plurality of POIs

based at least in part on the monitored user activity.

10 The method of claim § further comprising:
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determining an importance value for cach of the plurality of POIs, wherein the
importance value is determined based on at least on a popularity level of a POI with a user,

adership level, or an importance level assigned by a systero adminstrator,

I The method of claim & further comprising:
receiving a zoom level associated with a map that includes the plurality of
graphical interface items, wherein the plurality of graphical interface tterns are determined to

be overlapping when the zoom level is below a threshold level.

12.  The method of claim 8 wherein the composite representation includes a
plurality of POI icons and wherein generating the composite representation includes
prioritizing the plurality of POI icons based on importance values associated with the

plurality of POIs.

I3, A systern comprising:

O0E OF YIOTE ProCessors;

a memory device coupled to the one or more processors, the memory device
mcluding a set of instructions to be executed, wherein the set of instructions, when executed
by the one or more processors, causes the one or more processors to perform a method
corprising:

receiving a plurality of graphical interface iterns, cach of the plurality
of graphical interface items corresponding to a point of interest (POI) on & map,
wherein the map is associated with a map scale;

displaying the plurality of graphical interface iterus on a display of the
computing device;

receiving an input that causes a change in the map scale to a new map
scale;

determining that the plurality of graphical interface items are
overlapping wheo the map 1s in the new map scale; and

displaying a composite representation on the display of the computing
device i response to deterroining that the plarality of graphical interface items are
overlapping, the composite representation including a plurality of POI icons
representing a plurality of POIs, wherein the plarality of POI wcons are displayed ju an

adjacent manner.

g
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I4.  The system of claim 13 wherein the phurality of graphical interface
ftems are determoined to be overlapping when a nuraber of pixels between at least two of the

plurality of graphical interface items is below a threshold value.

15, The system of claim 13 wherein determining that the plurality of
graphical interface items are overlapping includes deternuning a current zoom level
associated with the computing device, wherein the plurality of graphical interface items are

determined to be overlapping based on the current zoom level.

16.  The system of claim 13 wherein displaying the plurality of PO1icouns
in an adjacent manner inchudes displaying the plurality of POl icons in a row and wherein the
composite representation further includes a label representing a region of interest (ROI) that

is associated with the plurality of POIs.

17.  The system of claim 13 wherein the set of instructions further causes
the one or more processors to perform the method comprising:

associating cach of the POIs with an 1mportant level; and

determining that a POI in the plurality of POIs has an importance level
exceeding a threshold value, wherein a graphical interface item associated with the POIis
displayed in addition to the composite representation when the plurality of graphical interface

ftems are deterroined to be overlapping.

18.  The system of claim 13 wherein a graphical interface ttern includes a

PO tcon and a label associated with the POl represented by the graphical interface item.

19.  The system of claim 13 wherein the composite representation
represents the plurality of POls, wherein a first POL in the plurality of POIs is a first transit
fine at a transit station and a second POl in the plurality of POIs is a second transit line at the
transit station, wherein the coraposite representation includes a label for the transit station,
and wherein the composite representation further includes one or more icons being logos of

the first transtt ine and the second transit line.

20, A server system comprising:

ONe OF MOre proCossors,

460
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a raemory device coupled to the one or more processors, the memory device
including a set of instructions to be executed, wherein the set of instructions, when executed
by the one or roore processors, causes the one or more processors to perform a method

comprising:

N T N © T S JUT N Sy

EN S VY]

LA

identifying a plurality of graphical interface items, cach of the plurality
of graphical interface iteras corresponding to a point of interest (POI) on a map,
wherein the map 15 associated with an initial map scale;

receiving an indication of a change in the map scale to a new map
scale;

determining that the phurality of graphical interface ttems are
overlapping when the map is in the new map scale;

generating a coraposite representation that represents a plarality of
POIs in response to determining that the plurality of graphical interface ttems are
overlapping, wherein the composite representation is generated based at least in part
Hpon 0one or more importance values associated with one or more of the plurality of
POIs; and

causing the generated composite representation to be displayed on a

display of a computing device.

21, The system of claim 20 wherein the set of instructions further causes

the one or more processors to perform the method including:

monitoring uscr activity to determine onc or more POIs of interest to the a

user; and

calculating the importance value associated with each of the phlurality of POIs

based at least in part on the monitored user activity.

22, The system of claim 20 wherein the set of instructions further causes

the one or more processors to perform the method including:

determining an iroportance value for cach of the plurality of POIs, wherein the

irnportance value is determined based on at least on a popularity level of a POI with a user,

ridership level, or an importance level assigned by a system administrator.

23, The system of claim 20 wherein the set of instructions further causes

the one or more processors to perform the method including:

41
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receiving a zoow level associated with a maap that includes the plurality of
graphical interface items, wherein the plurality of graphical interface items are determined to

be overlapping when the zoow level is below a threshold level.

24, The system of claimn 20 wherein the compeosite representation includes
a plurality of POI icons and wherein gencerating the composite representation includes
prioritizing the plurality of POI icous based on importance values associated with the

plurality of POls.
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FIG. 7
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