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In various embodiments, boundaries of geo-fences can be
made mutable based on principles described herein. The
term “mutable” refers to the ability of a thing (in this case,
the boundary of a geo-fence) to change and adjust. In a
typical embodiment, a mutable geo-fence system is config-
ured to generate and monitor a geo-fence that encompasses
a region, in order to dynamically vary the boundary of the
geo-fence based on a number of boundary variables. The
term “geo-fence” as used herein describes a virtual perim-
eter (e.g., a boundary) for a real-world geographic area. A
geo-fence could be a radius around a point (e.g., a store), or
a set of predefined boundaries. Boundary variables, as used
herein, refers to a set of variables utilized by the mutable
geo-fence system in determining a location of the boundary
of the geo-fence.
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MUTABLE GEO-FENCING SYSTEM

RELATED APPLICATIONS

[0001] This application claims benefit of priority from
U.S. Provisional Patent Application Ser. No. 62/318,049,
filed on Apr. 4, 2016, which is hereby incorporated by
reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure relate gen-
erally to mobile computing technology and, more particu-
larly, but not by way of limitation, to mutable geo-fencing
system.

BACKGROUND

[0003] Geo-fencing is the practice of using a global posi-
tioning system (GPS) or radio frequency identification
(RFID) to define a geographic boundary that may encom-
pass a region. Once the virtual boundary is established, an
administrator can set triggers to transmit content when
devices enter (or exit) the specified region. Advertisers often
use geo-fences to distribute marketing campaigns to devices
that may enter a particular region.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0004] To easily identify the discussion of any particular
element or act, the most significant digit or digits in a
reference number refer to the figure number in which that
element is first introduced.

[0005] FIG. 1 is a block diagram showing an example
messaging system for exchanging data (e.g., messages and
associated content) over a network.

[0006] FIG. 2 is block diagram illustrating various com-
ponents of a mutable geo-fence system, according to
example embodiments.

[0007] FIG. 3 is a diagram illustrating a geo-fence gener-
ated by a mutable geo-fence system, according to example
embodiments.

[0008] FIG. 4 is a diagram illustrating a distribution of
devices within a geo-fenced area, as determined by a
mutable geo-fence system, according to example embodi-
ments.

[0009] FIG. 5 is a diagram illustrating a boundary of a
geo-fence, adjusted by a mutable geo-fence system, accord-
ing to example embodiments.

[0010] FIG. 6 is a diagram illustrating a boundary of a
geo-fence, adjusted by a mutable geo-fence system, accord-
ing to example embodiments.

[0011] FIG. 7 is a flow diagram illustrating an example
method for adjusting a boundary of a geo-fence, according
to example embodiments.

[0012] FIG. 8 is a flow diagram illustrating an example
method for calculating a value of a geo-fenced area, accord-
ing to example embodiments.

[0013] FIG.9is ablock diagram illustrating an example of
a software architecture that may be installed on a machine,
according to some example embodiments.

[0014] FIG. 10 illustrates a diagrammatic representation
of a machine in the form of a computer system within which
a set of instructions may be executed for causing the
machine to perform any one or more of the methodologies
discussed herein, according to an example embodiment.
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DETAILED DESCRIPTION

[0015] In various embodiments, boundaries of geo-fences
can be made mutable based on principles described herein.
The term “mutable” refers to the ability of a thing (in this
case, the boundary of a geo-fence) to change and adjust. In
a typical embodiment, a mutable geo-fence system is con-
figured to generate and monitor a geo-fence that encom-
passes a region, in order to dynamically vary the boundary
of the geo-fence based on a number of boundary variables.
The term “geo-fence” as used herein describes a virtual
perimeter (e.g., a boundary) for a real-world geographic
area. A geo-fence could be a radius around a point (e.g., a
store), or a set of otherwise-defined boundaries. The real-
world geographic area within a given geo-fence will be
referenced herein as a geo-fenced area. Boundary variables,
as used herein, refers to a set of variables used by the
mutable geo-fence system in determining a location of the
boundary of the geo-fence.

[0016] Geo-fences are often used by advertisers to deliver
or enable content to devices that cross over the boundary of
the geo-fence, into the geo-fenced area. The content may
include a campaign managed by an advertiser to deliver
coupons or digital media content (e.g., images, videos,
interactive digital information) to devices that enter into or
near the geo-fenced area. For example, an advertiser may
employ the mutable geo-fence system to configure a geo-
fence managed by the mutable geo-fence system to deliver
customized media content to devices that enter into a
particular geo-fenced area.

[0017] For purposes of this disclosure, the mutable geo-
fence system may be or include any instrumentality or
aggregate of instrumentalities operable to compute, process,
store, display, generate, communicate, or apply various
forms of data for geo-fencing, control, or other purposes. For
example, the mutable geo-fence system may be or include a
group of one or more server machines configured to request
and receive geo-location data that defines one or more
locations of interest, monitor the geo-fenced areas encom-
passed by the geo-fence (e.g., monitoring locations of
devices relative to the geo-fence), and adjust a boundary of
the geo-fence based on one or more boundary variables. The
boundary variables may include a size and shape of the
geo-fence, a distribution of devices within the geo-fence, as
well as usage metrics of the geo-fence itself. A location of
interest may include one or more real-world locations and
events, such as, retail locations, concerts, parties, commu-
nity events, as well as public locations.

[0018] The geo-location data may include a set of coor-
dinates that define a point (e.g., longitude, latitude, and
altitude), a polygon or free-form shape that encompasses a
region in a map image corresponding to a real-world loca-
tion, as well as satellite and image data. The mutable
geo-fence system generates a geo-fence with a boundary that
encompasses a region defined by the geo-location data
received. For example, the geo-location data may include
coordinates, or an address, of a retail location, and in
response to receiving the coordinates, the mutable geo-fence
system generates a geo-fence having a radius and boundary
that encompasses the retail location. The geo-fence may be
circular (e.g., a radius distance and a point defined by
latitude and longitude), or a polygon, based on the geo-
location data received.

[0019] Having generated the geo-fence, the mutable geo-
fence system provides access to media content associated
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with the location of interest encompassed by the boundary of
the geo-fence to devices that cross into the geo-fenced area.
The media content may include digital images, audio, video
and image or media overlays, that a user of a device located
within the boundary of the geo-fence may access or append
to digital messages (e.g., SMS, email, ephemeral messages).
For example, the media content may include visual content,
audio content and image or media overlays associated with
the location of interest. While the device is located within
the geo-fenced area, a user of the device may transmit an
ephemeral message that includes the media overlay (e.g., an
interactive filter) associated with the location of interest.

[0020] The ephemeral message transmitted by the device
may be a text, an image, a video, and the like. The access
time for the ephemeral message may be set by the message
sender. Alternatively, the access time may be a default
setting or a setting specified by the recipient. Regardless of
the setting technique, the message is transitory.

[0021] An image or media overlay may include audio and
visual content and visual effects that may be applied to an
image captured or provided by a user of a device. Examples
of audio and visual content include pictures, texts, logos,
animations, and sound effects. An example of a visual effect
includes color overlaying. The audio and visual content or
the visual effects can be applied to a media content item
(e.g., a photo) at a client device. For example, the media
overlay including text that can be overlaid on top of a
photograph generated taken by the client device. In another
example, the media overlay includes an identification of a
location overlay (e.g., Venice Beach), a name of a live event,
or a name of a merchant overlay (e.g., Beach Coffee House).

[0022] The mutable geo-fence system determines a distri-
bution of devices that access the media content associated
with the location of interest within the geo-fenced area. In
some example embodiments, to determine the distribution,
the mutable geo-fence system divides the geo-fenced area
into a grid that comprises a set of cells, where each cell
represents portions (in some instances the portions are
equal) of the physical location within the geo-fenced area,
and wherein the set of cells sum to make up the whole
physical location encompassed by the geo-fence. The
mutable geo-fence system may track and monitor the set of
cells to calculate a usage metric of each cell. The usage
metric of a cell among the set of cells may be calculated
based on: a number of messages transmitted from devices
within the cell that include the media content over a pre-
defined period of time; a frequency in which messages that
include the media content are transmitted from the cell over
a predefined period of time; as well as a number of devices
that access (e.g., view or receive) the media content while
within the cell over a predefined period of time.

[0023] Based on the usage metrics of each cell among the
set of cells, the mutable geo-fence system adjusts the bound-
ary of the geo-fence to more accurately encompass the
location of interest. For example, the mutable geo-fence
system may adjust the boundary to exclude cells among the
set of cells that have a usage metric below a predefined
threshold value, and to include cells that have a usage metric
above the predefined threshold value. In some example
embodiments, the mutable geo-fence system may expand
the boundary of the geo-fence when the usage metric of cells
along a perimeter of the geo-fence are above a threshold
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value. The threshold value may be calculated based on
historical, or average usage metrics associated with the
geo-fenced area.

[0024] In some example embodiments, the geo-fences
generated by the mutable geo-fence system are available to
advertisers to deliver content (e.g., a campaign) to devices
that cross into the geo-fenced area. For example, the mutable
geo-fence system may calculate a value (e.g., price) of the
geo-fenced area (or of a cell of the geo-fenced area) based
on predicted usage metrics. The predicted usage metrics of
the geo-fenced area may be based on: the calculated usage
metrics of the set of cells (e.g., as discussed above); a size
of the geo-fenced area; a duration of time in which the
advertiser wants to use the geo-fence (e.g., one hour, one
day, one week); a time period in which the advertiser wants
to use the campaign (e.g., March, Saturdays, 2:00 pm-5:00
pm, etc.); as well as information indicating upcoming events
(e.g., through a third party API accessed by the mutable
geo-fence system).

[0025] The mutable geo-fence system may receive cam-
paign information from an advertiser, such as a location of
interest to administer the campaign, a duration and time of
the campaign, campaign content (e.g., media content), as
well as demographics information associated with desired
recipients of the campaign. Based on the campaign infor-
mation and the predicted usage metrics of the corresponding
geo-fence, the mutable geo-fence system calculates a value
of the geo-fenced area. In some example embodiments, the
value is updated in real-time, as the mutable geo-fence
system received the campaign information.

[0026] FIG. 1 is a network diagram depicting a network
system 100 having a client-server architecture configured for
exchanging data over a network, according to one embodi-
ment. For example, the network system 100 may be a
messaging system where clients communicate and exchange
data within the network system 100. The data may pertain to
various functions (e.g., sending and receiving text and media
communication, determining geolocation, etc.) and aspects
associated with the network system 100 and its users.
Although illustrated herein as client-server architecture,
other embodiments may include other network architectures,
such as peer-to-peer or distributed network environments.

[0027] As shown in FIG. 1, the network system 100
includes a social messaging system 130. The social mes-
saging system 130 is generally based on a three-tiered
architecture, consisting of an interface layer 124, an appli-
cation logic layer 126, and a data layer 128. As is understood
by skilled artisans in the relevant computer and Internet-
related arts, each component or engine shown in FIG. 1.
represents a set of executable software instructions and the
corresponding hardware (e.g., memory and processor) for
executing the instructions. To avoid obscuring the inventive
subject matter with unnecessary detail, various functional
components and engines that are not germane to conveying
an understanding of the inventive subject matter have been
omitted from FIG. 1. Additional functional components and
engines may be used with a social messaging system, such
as that illustrated in FIG. 1, to facilitate additional function-
ality that is not specifically described herein. Furthermore,
the various functional components and engines depicted in
FIG. 1 may reside on a single server computer, or may be
distributed across several server computers in various
arrangements. Moreover, although the social messaging
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system 130 is depicted in FIG. 1 as a three-tiered architec-
ture, the inventive subject matter is by no means limited to
such an architecture.

[0028] Asshown in FIG. 1, the interface layer 124 consists
of interface components (e.g., a web server) 140, which
receive requests from various client-computing devices and
servers, such as client devices 110 executing client applica-
tions 112, a mutable geo-fencing system 160, and messaging
client applications 170, and third party servers 120 execut-
ing third party applications 122. In response to received
requests, the interface components 140 communicate appro-
priate responses to requesting devices via a network 104. For
example, the interface components 140 can receive requests
such as Hypertext Transfer Protocol (HTTP) requests or
other web-based Application Programming Interface (API)
requests.

[0029] The client devices 110 can execute conventional
web browser applications or applications (also referred to as
“apps”) that have been developed for a specific platform to
include any of a wide variety of mobile computing devices
and mobile-specific operating systems (e.g., IOS™
ANDROID™, WINDOWS® PHONE). In an example, the
client devices 110 are executing the client applications 112.
The client applications 112 can provide functionality to
present information to a user 106 and communicate via the
network 104 to exchange information with the social mes-
saging system 130. Each of the client devices 110 can
comprise a computing device that includes at least a display
and communication capabilities with the network 104 to
access the social messaging system 130. Users 106 can
include a person, a machine, or other means of interacting
with the client devices 110. In some embodiments, the users
106 interact with the social messaging system 130 via the
client devices 110.

[0030] As shown in FIG. 1, the data layer 128 has one or
more database servers 132 that facilitate access to informa-
tion storage repositories or databases 134. The databases 134
are storage devices that store data such as sets of images of
external areas generated by client devices 110 and sent to
social messaging system 130; sets of facade data generated
from images including buildings; map data matching images
and fagade data to geolocations; and other such data. In one
embodiment, a database stores images captured from a street
and associates those images with map data. Some imple-
mentations of such an embodiment may use filters or image
cropping to remove people from the images, such as an
embodiment that only stores image data above a height that
includes people. Databases 134 may also store data such as
member profile data, social graph data (e.g., relationships
between members of the social messaging system 130), and
other user data.

[0031] An individual can register with the social messag-
ing system 130 to become a member of the social messaging
system 130. Once registered, a member can form social
network relationships (e.g., friends, followers, or contacts)
on the social messaging system 130 and interact with a broad
range of applications provided by the social messaging
system 130.

[0032] The application logic layer 126 includes various
application logic components 150, which, in conjunction
with the interface components 140, generate various user
interfaces with data retrieved from various data sources or
data services in the data layer 128. Individual application
logic components 150 may be used to implement the func-
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tionality associated with various applications, services, and
features of the social messaging system 130, including
aspects of the mutable geo-fence system 160. For instance,
a social messaging application can be implemented with one
or more of the application logic components 150. The social
messaging application provides a messaging mechanism for
users of the client devices 110 to send and receive messages
that include text and media content such as pictures and
video. The client device(s) 110 may access and view the
messages from the social messaging application for a speci-
fied period of time (e.g., limited or unlimited). In an
example, a particular message is accessible to a message
recipient for a predefined duration (e.g., specified by a
message sender) that begins when the particular message is
first accessed. After the predefined duration elapses, the
message is deleted and is no longer accessible to the
message recipient. Of course, other applications and services
may be separately embodied in their own application server
component(s) 150.

[0033] FIG. 2 is a block diagram illustrating components
of the mutable geo-fence system 160 that configure the
mutable geo-fence system 160 to receive geo-location data
to generate and manage a mutable geo-fence, according to
some example embodiments. The mutable geo-fence system
160 is shown as including a communication component 210,
a presentation component 220, a geo-fencing component
230, a content delivery component 240, a valuation com-
ponent 250, and an ephemeral timer module 260, all con-
figured to communicate with each other (e.g., via a bus,
shared memory, or a switch). Any one or more of these
components may be implemented using one or more pro-
cessors 270 (e.g., by configuring such one or more proces-
sors to perform functions described for that component) and
hence may include one or more of the processors 270.
[0034] FIG. 3 is a diagram 300 illustrating a geo-fence 310
generated by the mutable geo-fence system 160, according
to example embodiments. As discussed above, the geo-fence
310 may comprise a boundary that encompasses a geo-
graphic region in a map image 320, wherein the map image
320 represents a real-world geographic region.

[0035] To generate the geo-fence 310, the communication
module 210 may receive geo-location data that defines a
location of interest. For example, a user 106 may provide a
user input selecting a particular location of interest through
a user interface displayed at a client device 110. The user
input may include a selection of a point in the map image
320, or the selection of a search result from among a set of
search results, wherein the search results corresponds to a
location on the map image 320. The geo-fence module 230
generates the geo-fence 310, wherein a size and a location
of the geo-fence 310 is based on the geo-location data.
[0036] FIG. 4is a diagram 400 illustrating a distribution of
devices 410 located within a geo-fence 310, within the map
image 320, as determined by the mutable geo-fence system
160, according to example embodiments. The distribution of
devices 410 may be defined as a physical density of devices
within the geo-fence 310. For example, the distribution of
device 410 may indicate specification physical locations of
devices within the geo-fence 310.

[0037] The communication module 210 may monitor
usage data of devices located within, or near, the geo-fence
310. The usage data may, for example, include: a number of
messages transmitted from devices within the cell that
include the media content over a predefined period of time;
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a frequency in which messages that include the media
content are transmitted from the cell over a predefined
period of time; as well as a number of devices that access
(e.g., view or receive) the media content while within the
cell over a predefined period of time. Based on the usage
data, the geo-fence module 230 may determine the distri-
bution of devices 410.

[0038] The usage metric of a cell among the set of cells
may be calculated based on: a number of messages trans-
mitted from devices within the cell that include the media
content over a predefined period of time; a frequency in
which messages that include the media content are trans-
mitted from the cell over a predefined period of time; as well
as a number of devices that access (e.g., view or receive) the
media content while within the cell over a predefined period
of time.

[0039] FIG.5 is a diagram 500 illustrating a boundary 510
of the geo-fence 310 of FIGS. 3 and 4, adjusted by the
mutable geo-fence system 160, based on the distribution of
devices 410, according to example method discussed herein.
The geo-fence module 230 may receive the usage data to
determine the distribution of devices 410, and in response,
adjust the boundary of the geo-fence 310 to more accurately
target devices within the geo-fences area. Although FIG. 5
depicts one enclosure formed by the mutated geo-fence, in
other example embodiments, the geo-fence module 230
adjust the boundary of the geo-fence 310 such that there are
multiple independent geo-fence.

[0040] FIG. 6 is a diagram 600 illustrating a boundary 610
of the geo-fence 310, adjusted by the mutable geo-fence
system 160, according to example methods discussed herein.
In some example embodiments, the geo-fence module 230
may adjust a boundary of the geo-fence 310, based on usage
data collected in real-time. For example, as the communi-
cation module 210 collects usage data, the geo-fence module
230 may recalculate a distribution of devices within the
geo-fenced area, and adjust the boundary 610 of the geo-
fence in real-time.

[0041] In some example embodiments, the geo-fence
module 230 may vary the boundary 610 of the geo-fence
based on time of day. For example, the geo-fence module
230 may maintain the boundary 510 of FIG. 5 for a first
period of time, and then maintain the boundary 610 for a
second period of time. In some example embodiments, the
periods of time may be determined based on the usage data
collected by the communication module 210. Although
FIGS. 3, 4, 5, and 6 depict two-dimensional geo-fences, the
techniques described in this specification can be applied to
three-dimensional space with geo-fences defined in three
dimensions (e.g., different media content is available at the
base of the Empire State Building than at the observation
deck).

[0042] FIG. 7 is a flow diagram illustrating operations of
the mutable geo-fence system 160 in performing an example
method 700 for adjusting a boundary of a geo-fence, accord-
ing to example embodiments. As shown in FIG. 7, one or
more operations 702, 704, 706, 708, 710, and 712 may be
performed as part (e.g., a precursor task, a subroutine, or a
portion) of the method 700, according to some example
embodiments.

[0043] Operation 702 may be performed by the commu-
nication module 210. At operation 702, the communication
module 210 receives geo-location data indicating a location
of interest. As discussed above with respect to FIG. 3, a user
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106 may provide user inputs identifying or otherwise select-
ing a particular location of interest through a user interface
displayed at a client device 110. The user input may include
a selection of a point in the map image 320, or the selection
of a search result from among a set of search results, wherein
the search results corresponds to a location on the map
image 320. The geo-fence module 230 generates the geo-
fence 310, wherein a size and a location of the geo-fence 310
is based on the geo-location data.

[0044] Operation 704 may be performed by the geo-fence
module 230. At operation 704, the geo-fence module 230
generates a geo-fence that encompasses a first region that
includes the region of interest, based on the geo-location
data received by the communication module 210. The geo-
fence generated by the geo-fence module 230 may have a
corresponding size and location based on the geo-location
data.

[0045] The geo-fence generated by the geo-fence module
230 may initially be over-inclusive, to capture a large region
that encompasses the region of interest identified by the
geo-location data. The geo-fence may be a radius around a
point (e.g., the location of interest), or a set of otherwise-
defined boundaries.

[0046] Operation 706 may be performed by the geo-fence
module 230. At operation 706, the geo-fence module 230
divides the region encompassed by the geo-fence into a set
of cells (e.g., a grid), wherein each cell among the set of cells
represents a portion of the region within the geo-fence. For
example, the number of cells within the region may be
defined based on a size of the geo-fence, or based on user
input.

[0047] Operation 708 may be performed by the commu-
nication module 210. At operation 708, the communication
module 210 collects usage data from devices located within
the geo-fenced area. The usage data may include corre-
sponding geo-location data indicating a cell from among the
set of cells in which the usage data originated (i.e., indicat-
ing a location of a device within the geo-fenced area). The
communication module 210 may identify usage data asso-
ciated with the location of interest, from among the usage
data collected. For example, the communication module 210
may identify the usage data associated with the location of
interest based on the message including media content
associated with the location of interest encompassed by the
geo-fence. For example, the usage data may include a
message from a first client device located within a cell
within the location of interest, wherein the message includes
media content identifying the location of interest (e.g., a
photo, a filter).

[0048] Operation 710 may be performed by the geo-fence
module 230. At operation 710 the geo-fence module 220
calculates a usage metric based on the usage data associated
with the location of interest. The usage data may for example
include: a number of messages transmitted from devices
within the cell that include the media content over a pre-
defined period of time; a frequency in which messages that
include the media content are transmitted from the cell over
a predefined period of time; as well as a number of devices
that access (e.g., view or receive) the media content while
within the cell over a predefined period of time. Based on the
usage data, and geo-location data indicating a cell in which
a source device of the usage data is located within the
geo-fence, the geo-fence module 230 may determine a
distribution of devices within the geo-fenced area.
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[0049] Operation 710 may be performed by the geo-fence
module 230. Based on the usage data, the geo-fence module
230 calculates and assigns a usage metric to each cell among
the set of cells within the region encompassed by the
geo-fence. At operation 712, the geo-fence module 230
adjusts a boundary of the geo-fence based on the usage
metrics of each cell among the set of cells. In some example
embodiments, the geo-fence module 230 adjusts the bound-
ary of the geo-fence based on a constraint. For example, the
geo-fence module 230 may adjust the geo-fence such that it
does not extend outside of the first region or extends a
predetermined distance outside of the first region to prevent
unintended drifting or shifts in the mutated geo-fence over
time.

[0050] FIG. 8 is a flow diagram illustrating operations of
the mutable geo-fence system 160 in performing an example
method 800 for calculating a value of a geo-fenced area,
according to example embodiments. As shown in FIG. 8,
one or more operations 802, 804, 806, and 808 may be
performed as part (e.g., a precursor task, a subroutine, or a
portion) of the method 800, according to some example
embodiments.

[0051] Operation 802 may be performed by the geo-fence
module 230. At operation 802, the geo-fence module 230
calculates a usage metric of a geo-fence based on at least the
usage metric of one or more cells within the geo-fence and
the size and shape of the geo-fence.

[0052] For example, as discussed above with respect to
FIG. 7, the communication module 210 collects usage data
from devices located within the one or more cells compris-
ing and within the geo-fence. The usage data may for
example include: a number of messages transmitted from
devices within the cell that include the media content over
a predefined period of time; a frequency in which messages
that include the media content are transmitted from the cell
over a predefined period of time; access requests for media
content; the type of media content being access by devices
within the geo-fence and/or each cell of the geo-fence; as
well as a number of devices that access (e.g., view or
receive) the media content while within the cell over a
predefined period of time. The geo-fence module 230 cal-
culates a predicted usage metric of the geo-fence based on
the usage data from each of the one or more cells, and the
size and shape of the geo-fence.

[0053] Operation 804 may be performed by the commu-
nication module 210. At operation 210, the communication
module 210 receives campaign information from a third
party server 120, or a client device 110 associated with an
advertiser. The campaign information may include a speci-
fication of a media content type, a duration of a campaign,
as well as indications of a target audience of the campaign.
[0054] Operations 806 and 808 may be performed by the
geo-fence module 230. At operation 806, the geo-fence
module 230 calculates a value of the geo-fence based on the
campaign information and the predicted usage metric, and at
operation 808, assigns the value to the geo-fence. The value
may include a fixed value over a predefined period of time
(e.g., per day, per hour), or in some example embodiments
may be based on a number of deliveries of media content to
devices located within the geo-fence (e.g., value per 100
devices, value per device).

[0055] FIG. 9 is a block diagram 900 illustrating an
architecture of software 902, which can be installed on any
one or more of the devices described above. FIG. 9 is merely
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a non-limiting example of a software architecture, and it will
be appreciated that many other architectures can be imple-
mented to facilitate the functionality described herein. In
various embodiments, the software 902 is implemented by
hardware such as machine 1000 of FIG. 10 that includes
processors 1010, memory 1030, and I/O components 1050.
In this example architecture, the software 902 can be con-
ceptualized as a stack of layers where each layer may
provide a particular functionality. For example, the software
902 includes layers such as an operating system 904, librar-
ies 906, frameworks 908, and applications 910. Operation-
ally, the applications 910 invoke application programming
interface (API) calls 912 through the software stack and
receive messages 914 in response to the API calls 912,
consistent with some embodiments.

[0056] In various implementations, the operating system
904 manages hardware resources and provides common
services. The operating system 904 includes, for example, a
kernel 920, services 922, and drivers 924. The kernel 920
acts as an abstraction layer between the hardware and the
other software layers consistent with some embodiments.
For example, the kernel 920 provides memory management,
processor management (e.g., scheduling), component man-
agement, networking, and security settings, among other
functionality. The services 922 can provide other common
services for the other software layers. The drivers 924 are
responsible for controlling or interfacing with the underlying
hardware, according to some embodiments. For instance, the
drivers 924 can include display drivers, camera drivers,
BLUETOOTH® drivers, flash memory drivers, serial com-
munication drivers (e.g., Universal Serial Bus (USB) driv-
ers), WI-FI® drivers, audio drivers, power management
drivers, and so forth.

[0057] In some embodiments, the libraries 906 provide a
low-level common infrastructure utilized by the applications
910. The libraries 906 can include system libraries 930 (e.g.,
C standard library) that can provide functions such as
memory allocation functions, string manipulation functions,
mathematic functions, and the like. In addition, the libraries
906 can include API libraries 932 such as media libraries
(e.g., libraries to support presentation and manipulation of
various media formats such as Moving Picture Experts
Group-4 (MPEG4), Advanced Video Coding (H.264 or
AVC), Moving Picture Experts Group Layer-3 (MP3),
Advanced Audio Coding (AAC), Adaptive Multi-Rate
(AMR) audio codec, Joint Photographic Experts Group
(JPEG or JPG), or Portable Network Graphics (PNG)),
graphics libraries (e.g., an OpenGL framework used to
render in two dimensions (2D) and three dimensions (3D) in
a graphic content on a display), database libraries (e.g.,
SQLite to provide various relational database functions),
web libraries (e.g., WebKit to provide web browsing func-
tionality), and the like. The libraries 906 can also include a
wide variety of other libraries 934 to provide many other
APIs to the applications 910.

[0058] The frameworks 908 provide a high-level common
infrastructure that can be utilized by the applications 910,
according to some embodiments. For example, the frame-
works 908 provide various graphic user interface (GUI)
functions, high-level resource management, high-level loca-
tion services, and so forth. The frameworks 908 can provide
a broad spectrum of other APIs that can be utilized by the
applications 910, some of which may be specific to a
particular operating system or platform.
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[0059] In an example embodiment, the applications 910
include a home application 950, a contacts application 952,
a browser application 954, a book reader application 956, a
location application 958, a media application 960, a mes-
saging application 962, a game application 964, and a broad
assortment of other applications such as a third party appli-
cation 966. According to some embodiments, the applica-
tions 910 are programs that execute functions defined in the
programs. Various programming languages can be employed
to create one or more of the applications 910, structured in
a variety of manners, such as object-oriented programming
languages (e.g., Objective-C, Java, or C++) or procedural
programming languages (e.g., C or assembly language). In
a specific example, the third party application 966 (e.g., an
application developed using the ANDROID™ or IOS™
software development kit (SDK) by an entity other than the
vendor of the particular platform) may be mobile software
running on a mobile operating system such as IOS™,
ANDROID™, WINDOWS® Phone, or another mobile
operating systems. In this example, the third party applica-
tion 966 can invoke the API calls 912 provided by the
operating system 904 to facilitate functionality described
herein.

[0060] FIG. 10 is a block diagram illustrating components
of'a machine 1000, according to some embodiments, able to
read instructions from a machine-readable medium (e.g., a
machine-readable storage medium) and perform any one or
more of the methodologies discussed herein. Specifically,
FIG. 10 shows a diagrammatic representation of the
machine 1000 in the example form of a computer system,
within which instructions 1016 (e.g., software, a program,
an application, an applet, an app, or other executable code)
for causing the machine 1000 to perform any one or more of
the methodologies discussed herein can be executed. In
alternative embodiments, the machine 1000 operates as a
standalone device or can be coupled (e.g., networked) to
other machines. In a networked deployment, the machine
1000 may operate in the capacity of a server machine or a
client machine in a server-client network environment, or as
a peer machine in a peer-to-peer (or distributed) network
environment. The machine 1000 can comprise, but not be
limited to, a server computer, a client computer, a personal
computer (PC), a tablet computer, a laptop computer, a
netbook, a set-top box (STB), a personal digital assistant
(PDA), an entertainment media system, a cellular telephone,
a smart phone, a mobile device, a wearable device (e.g., a
smart watch), a smart home device (e.g., a smart appliance),
other smart devices, a web appliance, a network router, a
network switch, a network bridge, or any machine capable
of executing the instructions 1016, sequentially or other-
wise, that specity actions to be taken by the machine 1000.
Further, while only a single machine 1000 is illustrated, the
term “machine” shall also be taken to include a collection of
machines 1000 that individually or jointly execute the
instructions 1016 to perform any one or more of the meth-
odologies discussed herein.

[0061] In various embodiments, the machine 1000 com-
prises processors 1010, memory 1030, and /O components
1050, which can be configured to communicate with each
other via a bus 1002. In an example embodiment, the
processors 1010 (e.g., a Central Processing Unit (CPU), a
Reduced Instruction Set Computing (RISC) processor, a
Complex Instruction Set Computing (CISC) processor, a
Graphics Processing Unit (GPU), a Digital Signal Processor
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(DSP), an Application Specific Integrated Circuit (ASIC), a
Radio-Frequency Integrated Circuit (RFIC), another proces-
sor, or any suitable combination thereof) includes, for
example, a processor 1012 and a processor 1014 that may
execute the instructions 1016. The term “processor” is
intended to include multi-core processors that may comprise
two or more independent processors (also referred to as
“cores”) that can execute instructions contemporaneously.
Although FIG. 10 shows multiple processors, the machine
1000 may include a single processor with a single core, a
single processor with multiple cores (e.g., a multi-core
processor), multiple processors with a single core, multiple
processors with multiples cores, or any combination thereof.

[0062] The memory 1030 comprises a main memory
1032, a static memory 1034, and a storage unit 1036
accessible to the processors 1010 via the bus 1002, accord-
ing to some embodiments. The storage unit 1036 can include
a machine-readable medium 1038 on which are stored the
instructions 1016 embodying any one or more of the meth-
odologies or functions described herein. The instructions
1016 can also reside, completely or at least partially, within
the main memory 1032, within the static memory 1034,
within at least one of the processors 1010 (e.g., within the
processor’s cache memory), or any suitable combination
thereof, during execution thereof by the machine 1000.
Accordingly, in various embodiments, the main memory
1032, the static memory 1034, and the processors 1010 are
considered machine-readable media 1038.

[0063] As used herein, the term “memory” refers to a
machine-readable medium 1038 able to store data tempo-
rarily or permanently and may be taken to include, but not
be limited to, random-access memory (RAM), read-only
memory (ROM), buffer memory, flash memory, and cache
memory. While the machine-readable medium 1038 is
shown in an example embodiment to be a single medium,
the term “machine-readable medium” should be taken to
include a single medium or multiple media (e.g., a central-
ized or distributed database, or associated caches and serv-
ers) able to store the instructions 1016. The term “machine-
readable medium” shall also be taken to include any
medium, or combination of multiple media, that is capable
of storing instructions (e.g., instructions 1016) for execution
by a machine (e.g., machine 1000), such that the instruc-
tions, when executed by one or more processors of the
machine 1000 (e.g., processors 1010), cause the machine
1000 to perform any one or more of the methodologies
described herein. Accordingly, a “machine-readable
medium” refers to a single storage apparatus or device, as
well as “cloud-based” storage systems or storage networks
that include multiple storage apparatus or devices. The term
“machine-readable medium” shall accordingly be taken to
include, but not be limited to, one or more data repositories
in the form of a solid-state memory (e.g., flash memory), an
optical medium, a magnetic medium, other non-volatile
memory (e.g., Erasable Programmable Read-Only Memory
(EPROM)), or any suitable combination thereof. The term
“machine-readable medium” specifically excludes non-
statutory signals per se.

[0064] The I/O components 1050 include a wide variety of
components to receive input, provide output, produce out-
put, transmit information, exchange information, capture
measurements, and so on. In general, it will be appreciated
that the /O components 1050 can include many other
components that are not shown in FIG. 10. The I/O com-
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ponents 1050 are grouped according to functionality merely
for simplifying the following discussion, and the grouping is
in no way limiting. In various example embodiments, the
1/0O components 1050 include output components 1052 and
input components 1054. The output components 1052
include visual components (e.g., a display such as a plasma
display panel (PDP), a light emitting diode (LED) display, a
liquid crystal display (LCD), a projector, or a cathode ray
tube (CRT)), acoustic components (e.g., speakers), haptic
components (e.g., a vibratory motor), other signal genera-
tors, and so forth. The input components 1054 include
alphanumeric input components (e.g., a keyboard, a touch
screen configured to receive alphanumeric input, a photo-
optical keyboard, or other alphanumeric input components),
point based input components (e.g., a mouse, a touchpad, a
trackball, a joystick, a motion sensor, or other pointing
instruments), tactile input components (e.g., a physical but-
ton, a touch screen that provides location and force of
touches or touch gestures, or other tactile input compo-
nents), audio input components (e.g., a microphone), and the
like.

[0065] In some further example embodiments, the I/O
components 1050 include biometric components 1056,
motion components 1058, environmental components 1060,
or position components 1062, among a wide array of other
components. For example, the biometric components 1056
include components to detect expressions (e.g., hand expres-
sions, facial expressions, vocal expressions, body gestures,
or eye tracking), measure biosignals (e.g., blood pressure,
heart rate, body temperature, perspiration, or brain waves),
identify a person (e.g., voice identification, retinal identifi-
cation, facial identification, fingerprint identification, or
electroencephalogram based identification), and the like.
The motion components 1058 include acceleration sensor
components (e.g., accelerometer), gravitation sensor com-
ponents, rotation sensor components (e.g., gyroscope), and
so forth. The environmental components 1060 include, for
example, illumination sensor components (e.g., photom-
eter), temperature sensor components (e.g., one or more
thermometers that detect ambient temperature), humidity
sensor components, pressure sensor components (e.g.,
barometer), acoustic sensor components (e.g., one or more
microphones that detect background noise), proximity sen-
sor components (e.g., infrared sensors that detect nearby
objects), gas sensor components (e.g., machine olfaction
detection sensors, gas detection sensors to detect concentra-
tions of hazardous gases for safety or to measure pollutants
in the atmosphere), or other components that may provide
indications, measurements, or signals corresponding to a
surrounding physical environment. The position compo-
nents 1062 include location sensor components (e.g., a
Global Positioning System (GPS) receiver component), alti-
tude sensor components (e.g., altimeters or barometers that
detect air pressure from which altitude may be derived),
orientation sensor components (e.g., magnetometers), and
the like.

[0066] Communication can be implemented using a wide
variety of technologies. The I/O components 1050 may
include communication components 1064 operable to
couple the machine 1000 to a network 1080 or devices 1070
via a coupling 1082 and a coupling 1072, respectively. For
example, the communication components 1064 include a
network interface component or another suitable device to
interface with the network 1080. In further examples, com-
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munication components 1064 include wired communication
components, wireless communication components, cellular
communication components, Near Field Communication
(NFC) components, BLUETOOTH® components (e.g.,
BLUETOOTH® Low Energy), WI-FI® components, and
other communication components to provide communica-
tion via other modalities. The devices 1070 may be another
machine or any of a wide variety of peripheral devices (e.g.,
a peripheral device coupled via a Universal Serial Bus
(USB)).

[0067] Moreover, in some embodiments, the communica-
tion components 1064 detect identifiers or include compo-
nents operable to detect identifiers. For example, the com-
munication components 1064 include Radio Frequency
Identification (RFID) tag reader components, NFC smart tag
detection components, optical reader components (e.g., an
optical sensor to detect a one-dimensional bar codes such as
a Universal Product Code (UPC) bar code, multi-dimen-
sional bar codes such as a Quick Response (QR) code, Aztec
Code, Data Matrix, Dataglyph, MaxiCode, PDF417, Ultra
Code, Uniform Commercial Code Reduced Space Symbol-
ogy (UCC RSS)-2D bar codes, and other optical codes),
acoustic detection components (e.g., microphones to iden-
tify tagged audio signals), or any suitable combination
thereof. In addition, a variety of information can be derived
via the communication components 1064, such as location
via Internet Protocol (IP) geo-location, location via WI-FI®
signal triangulation, location via detecting an BLU-
ETOOTH® or NFC beacon signal that may indicate a
particular location, and so forth.

[0068] In various example embodiments, one or more
portions of the network 1080 can be an ad hoc network, an
intranet, an extranet, a virtual private network (VPN), a local
area network (LAN), a wireless LAN (WLAN), a wide area
network (WAN), a wireless WAN (WWAN), a metropolitan
area network (MAN), the Internet, a portion of the Internet,
a portion of the Public Switched Telephone Network
(PSTN), a plain old telephone service (POTS) network, a
cellular telephone network, a wireless network, a WI-FI®
network, another type of network, or a combination of two
or more such networks. For example, the network 1080 or a
portion of the network 1080 may include a wireless or
cellular network, and the coupling 1082 may be a Code
Division Multiple Access (CDMA) connection, a Global
System for Mobile communications (GSM) connection, or
another type of cellular or wireless coupling. In this
example, the coupling 1082 can implement any of a variety
of types of data transfer technology, such as Single Carrier
Radio Transmission Technology (1xRTT), Evolution-Data
Optimized (EVDO) technology, General Packet Radio Ser-
vice (GPRS) technology, Enhanced Data rates for GSM
Evolution (EDGE) technology, third Generation Partnership
Project (3GPP) including 3G, fourth generation wireless
(4G) networks, Universal Mobile Telecommunications Sys-
tem (UMTS), High Speed Packet Access (HSPA), World-
wide Interoperability for Microwave Access (WiMAX),
Long Term Evolution (LTE) standard, others defined by
various standard-setting organizations, other long range pro-
tocols, or other data transfer technology.

[0069] Inexample embodiments, the instructions 1016 are
transmitted or received over the network 1080 using a
transmission medium via a network interface device (e.g., a
network interface component included in the communica-
tion components 1064) and utilizing any one of a number of
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well-known transfer protocols (e.g., Hypertext Transfer Pro-
tocol (HTTP)). Similarly, in other example embodiments,
the instructions 1016 are transmitted or received using a
transmission medium via the coupling 1072 (e.g., a peer-
to-peer coupling) to the devices 1070. The term “transmis-
sion medium” shall be taken to include any intangible
medium that is capable of storing, encoding, or carrying the
instructions 1016 for execution by the machine 1000, and
includes digital or analog communications signals or other
intangible media to facilitate communication of such soft-
ware.

[0070] Furthermore, the machine-readable medium 1038
is non-transitory (in other words, not having any transitory
signals) in that it does not embody a propagating signal.
However, labeling the machine-readable medium 1038
“non-transitory” should not be construed to mean that the
medium is incapable of movement; the medium should be
considered as being transportable from one physical location
to another. Additionally, since the machine-readable
medium 1038 is tangible, the medium may be considered to
be a machine-readable device.

[0071] Throughout this specification, plural instances may
implement components, operations, or structures described
as a single instance. Although individual operations of one
or more methods are illustrated and described as separate
operations, one or more of the individual operations may be
performed concurrently, and nothing requires that the opera-
tions be performed in the order illustrated. Structures and
functionality presented as separate components in example
configurations may be implemented as a combined structure
or component. Similarly, structures and functionality pre-
sented as a single component may be implemented as
separate components. These and other variations, modifica-
tions, additions, and improvements fall within the scope of
the subject matter herein.

[0072] Although an overview of the inventive subject
matter has been described with reference to specific example
embodiments, various modifications and changes may be
made to these embodiments without departing from the
broader scope of embodiments of the present disclosure.
Such embodiments of the inventive subject matter may be
referred to herein, individually or collectively, by the term
“invention” merely for convenience and without intending
to voluntarily limit the scope of this application to any single
disclosure or inventive concept if more than one is, in fact,
disclosed.

[0073] The embodiments illustrated herein are described
in sufficient detail to enable those skilled in the art to
practice the teachings disclosed. Other embodiments may be
used and derived therefrom, such that structural and logical
substitutions and changes may be made without departing
from the scope of this disclosure. The Detailed Description,
therefore, is not to be taken in a limiting sense, and the scope
of various embodiments is defined only by the appended
claims, along with the full range of equivalents to which
such claims are entitled.

[0074] As used herein, the term “or” may be construed in
either an inclusive or exclusive sense. Moreover, plural
instances may be provided for resources, operations, or
structures described herein as a single instance. Additionally,
boundaries between various resources, operations, compo-
nents, engines, and data stores are somewhat arbitrary, and
particular operations are illustrated in a context of specific
illustrative configurations. Other allocations of functionality
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are envisioned and may fall within a scope of various
embodiments of the present disclosure. In general, structures
and functionality presented as separate resources in the
example configurations may be implemented as a combined
structure or resource. Similarly, structures and functionality
presented as a single resource may be implemented as
separate resources. These and other variations, modifica-
tions, additions, and improvements fall within a scope of
embodiments of the present disclosure as represented by the
appended claims. The specification and drawings are,
accordingly, to be regarded in an illustrative rather than a
restrictive sense.

[0075] A portion of the disclosure of this patent document
contains material that is subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as it appears in the Patent and Trademark Office patent
files or records, but otherwise reserves all copyright rights
whatsoever. The following notice applies to the software and
data as described below and in the drawings that form a part
of this document: Copyright 2016, SNAPCHAT, INC., All
Rights Reserved.

Glossary

[0076] “CARRIER SIGNAL” in this context refers to any
intangible medium that is capable of storing, encoding, or
carrying instructions for execution by the machine, and
includes digital or analog communications signals or other
intangible medium to facilitate communication of such
instructions. Instructions may be transmitted or received
over the network using a transmission medium via a network
interface device and using any one of a number of well-
known transfer protocols.

[0077] “CLIENT DEVICE” in this context refers to any
machine that interfaces to a communications network to
obtain resources from one or more server systems or other
client devices. A client device may be, but is not limited to,
a mobile phone, desktop computer, laptop, portable digital
assistants (PDAs), smart phones, tablets, ultra books, net-
books, laptops, multi-processor systems, microprocessor-
based or programmable consumer electronics, game con-
soles, set-top boxes, or any other communication device that
a user may use to access a network.

[0078] “COMMUNICATIONS NETWORK?” in this con-
text refers to one or more portions of a network that may be
an ad hoc network, an intranet, an extranet, a virtual private
network (VPN), a local area network (LAN), a wireless
LAN (WLAN), a wide area network (WAN), a wireless
WAN (WWAN), a metropolitan area network (MAN), the
Internet, a portion of the Internet, a portion of the Public
Switched Telephone Network (PSTN), a plain old telephone
service (POTS) network, a cellular telephone network, a
wireless network, a Wi-Fi® network, another type of net-
work, or a combination of two or more such networks. For
example, a network or a portion of a network may include
a wireless or cellular network and the coupling may be a
Code Division Multiple Access (CDMA) connection, a
Global System for Mobile communications (GSM) connec-
tion, or other type of cellular or wireless coupling. In this
example, the coupling may implement any of a variety of
types of data transfer technology, such as Single Carrier
Radio Transmission Technology (1xRTT), Evolution-Data
Optimized (EVDO) technology, General Packet Radio Ser-
vice (GPRS) technology, Enhanced Data rates for GSM
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Evolution (EDGE) technology, third Generation Partnership
Project (3GPP) including 3G, fourth generation wireless
(4G) networks, Universal Mobile Telecommunications Sys-
tem (UMTS), High Speed Packet Access (HSPA), World-
wide Interoperability for Microwave Access (WiMAX),
Long Term Evolution (LTE) standard, others defined by
various standard setting organizations, other long range
protocols, or other data transfer technology.

[0079] “EMPHEMERAL MESSAGE” in this context
refers to a message that is accessible for a time-limited
duration. An ephemeral message may be a text, an image, a
video and the like. The access time for the ephemeral
message may be set by the message sender. Alternatively, the
access time may be a default setting or a setting specified by
the recipient. Regardless of the setting technique, the mes-
sage is transitory.

[0080] “MACHINE-READABLE MEDIUM” in this con-
text refers to a component, device or other tangible media
able to store instructions and data temporarily or perma-
nently and may include, but is not be limited to, random-
access memory (RAM), read-only memory (ROM), buffer
memory, flash memory, optical media, magnetic media,
cache memory, other types of storage (e.g., Erasable Pro-
grammable Read-Only Memory (EEPROM)) and/or any
suitable combination thereof. The term “machine-readable
medium” should be taken to include a single medium or
multiple media (e.g., a centralized or distributed database, or
associated caches and servers) able to store instructions. The
term “machine-readable medium” shall also be taken to
include any medium, or combination of multiple media, that
is capable of storing instructions (e.g., code) for execution
by a machine, such that the instructions, when executed by
one or more processors of the machine, cause the machine
to perform any one or more of the methodologies described
herein. Accordingly, a “machine-readable medium” refers to
a single storage apparatus or device, as well as “cloud-
based” storage systems or storage networks that include
multiple storage apparatus or devices. The term “machine-
readable medium” excludes signals per se.

[0081] “COMPONENT” in this context refers to a device,
physical entity or logic having boundaries defined by func-
tion or subroutine calls, branch points, application program
interfaces (APIs), or other technologies that provide for the
partitioning or modularization of particular processing or
control functions. Components may be combined via their
interfaces with other components to carry out a machine
process. A component may be a packaged functional hard-
ware unit designed for use with other components and a part
of a program that usually performs a particular function of
related functions. Components may constitute either soft-
ware components (e.g., code embodied on a machine-read-
able medium) or hardware components. A “hardware com-
ponent” is a tangible unit capable of performing certain
operations and may be configured or arranged in a certain
physical manner. In various example embodiments, one or
more computer systems (e.g., a standalone computer system,
a client computer system, or a server computer system) or
one or more hardware components of a computer system
(e.g., a processor or a group of processors) may be config-
ured by software (e.g., an application or application portion)
as a hardware component that operates to perform certain
operations as described herein. A hardware component may
also be implemented mechanically, electronically, or any
suitable combination thereof. For example, a hardware com-
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ponent may include dedicated circuitry or logic that is
permanently configured to perform certain operations. A
hardware component may be a special-purpose processor,
such as a Field-Programmable Gate Array (FPGA) or an
Application Specific Integrated Circuit (ASIC). A hardware
component may also include programmable logic or cir-
cuitry that is temporarily configured by software to perform
certain operations. For example, a hardware component may
include software executed by a general-purpose processor or
other programmable processor. Once configured by such
software, hardware components become specific machines
(or specific components of a machine) uniquely tailored to
perform the configured functions and are no longer general-
purpose processors. It will be appreciated that the decision
to implement a hardware component mechanically, in dedi-
cated and permanently configured circuitry, or in temporar-
ily configured circuitry (e.g., configured by software) may
be driven by cost and time considerations. Accordingly, the
phrase “hardware component” (or “hardware-implemented
component”) should be understood to encompass a tangible
entity, be that an entity that is physically constructed,
permanently configured (e.g., hardwired), or temporarily
configured (e.g., programmed) to operate in a certain manner
or to perform certain operations described herein. Consid-
ering embodiments in which hardware components are
temporarily configured (e.g., programmed), each of the
hardware components need not be configured or instantiated
at any one instance in time. For example, where a hardware
component comprises a general-purpose processor config-
ured by software to become a special-purpose processor, the
general-purpose processor may be configured as respec-
tively different special-purpose processors (e.g., comprising
different hardware components) at different times. Software
accordingly configures a particular processor or processors,
for example, to constitute a particular hardware component
at one instance of time and to constitute a different hardware
component at a different instance of time. Hardware com-
ponents can provide information to, and receive information
from, other hardware components. Accordingly, the
described hardware components may be regarded as being
communicatively coupled. Where multiple hardware com-
ponents exist contemporaneously, communications may be
achieved through signal transmission (e.g., over appropriate
circuits and buses) between or among two or more of the
hardware components. In embodiments in which multiple
hardware components are configured or instantiated at dif-
ferent times, communications between such hardware com-
ponents may be achieved, for example, through the storage
and retrieval of information in memory structures to which
the multiple hardware components have access. For
example, one hardware component may perform an opera-
tion and store the output of that operation in a memory
device to which it is communicatively coupled. A further
hardware component may then, at a later time, access the
memory device to retrieve and process the stored output.
Hardware components may also initiate communications
with input or output devices, and can operate on a resource
(e.g., a collection of information). The various operations of
example methods described herein may be performed, at
least partially, by one or more processors that are tempo-
rarily configured (e.g., by software) or permanently config-
ured to perform the relevant operations. Whether temporar-
ily or permanently configured, such processors may
constitute processor-implemented components that operate
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to perform one or more operations or functions described
herein. As used herein, “processor-implemented compo-
nent” refers to a hardware component implemented using
one or more processors. Similarly, the methods described
herein may be at least partially processor-implemented, with
a particular processor or processors being an example of
hardware. For example, at least some of the operations of a
method may be performed by one or more processors or
processor-implemented components. Moreover, the one or
more processors may also operate to support performance of
the relevant operations in a “cloud computing” environment
or as a “software as a service” (SaaS). For example, at least
some of the operations may be performed by a group of
computers (as examples of machines including processors),
with these operations being accessible via a network (e.g.,
the Internet) and via one or more appropriate interfaces (e.g.,
an Application Program Interface (API)). The performance
of certain of the operations may be distributed among the
processors, not only residing within a single machine, but
deployed across a number of machines. In some example
embodiments, the processors or processor-implemented
components may be located in a single geographic location
(e.g., within a home environment, an office environment, or
a server farm). In other example embodiments, the proces-
sors or processor-implemented components may be distrib-
uted across a number of geographic locations.
[0082] “PROCESSOR?” in this context refers to any circuit
or virtual circuit (a physical circuit emulated by logic
executing on an actual processor) that manipulates data
values according to control signals (e.g., “commands”, “op
codes”, “machine code”, etc.) and which produces corre-
sponding output signals that are applied to operate a
machine. A processor may, for example, be a Central Pro-
cessing Unit (CPU), a Reduced Instruction Set Computing
(RISC) processor, a Complex Instruction Set Computing
(CISC) processor, a Graphics Processing Unit (GPU), a
Digital Signal Processor (DSP), an Application Specific
Integrated Circuit (ASIC), a Radio-Frequency Integrated
Circuit (RFIC) or any combination thereof. A processor may
further be a multi-core processor having two or more
independent processors (sometimes referred to as “cores”)
that may execute instructions contemporaneously.
[0083] “TIMESTAMP” in this context refers to a sequence
of characters or encoded information identifying when a
certain event occurred, for example giving date and time of
day, sometimes accurate to a small fraction of a second.
What is claimed is:
1. A computer-implemented method comprising:
receiving geo-location data that defines a location of
interest;
generating a geo-fence based on the geo-location data, the
geo-fence having a boundary that encompasses a first
region that includes the location of interest;
dividing the first region encompassed by the geo-fence
into a set of cells, each cell among the set of cells
representing a portion of the first region;
detecting a message from a device located within a cell
from among the set of cells that form the first region,
the message including media content associated with
the location of interest;
calculating a usage metric of the cell based on the
message from the device and the media content asso-
ciated with the location of interest, the usage metric
indicating at least a number of messages transmitted
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from the cell that include the media content associated
with the location of interest over a predefined period of
time; and

adjusting the boundary of the geo-fence to encompass a

second region that includes the location of interest
based on the usage metric and a location of the cell
within the first region, the second region including the
cell from among the set of cells.

2. The computer-implemented method of claim 1, further
comprising:

calculating a predicted usage metric of the geo-fence

based on at least the usage metric of the cell, and a size
of the geo-fence;

receive campaign information that includes a duration and

media content;

calculating a value of the geo-fence based on the cam-

paign information and the predicted usage metric; and
assigning the value to the geo-fence.

3. The computer-implemented method of claim 2,
wherein the value of the geo-fence includes a value per
period of time, wherein the period of time is determined
based on the predicted usage metric.

4. The computer-implemented method of claim 2,
wherein the value of the geo-fence includes a value per
device that is exposed to a campaign defined by the cam-
paign information.

5. The computer-implemented method of claim 1,
wherein the media content identifies the location of interest.

6. The computer-implemented method of claim 1,
wherein the media content includes image data, audio data,
video data, and media overlays.

7. The computer-implemented method of claim 1,
wherein the message includes an ephemeral message.

8. A system comprising:

a memory; and

at least one hardware processor couple to the memory and

comprising instructions that cause the system to per-
form operations comprising:

receiving geo-location data that defines a location of

interest;

generating a geo-fence based on the geo-location data, the

geo-fence having a boundary that encompasses a first
region that includes the location of interest;

dividing the first region encompassed by the geo-fence

into a set of cells, each cell among the set of cells
representing a portion of the first region;

detecting a message from a device located within a cell

from among the set of cells that form the first region,
the message including media content associated with
the location of interest;

calculating a usage metric of the cell based on the

message from the device and the media content asso-
ciated with the location of interest, the usage metric
indicating at least a number of messages transmitted
from the cell that include the media content associated
with the location of interest over a predefined period of
time; and

adjusting the boundary of the geo-fence to encompass a

second region that includes the location of interest
based on the usage metric and a location of the cell
within the first region, the second region including the
cell from among the set of cells.

9. The system of claim 8, wherein the instructions cause
the system to perform operations further comprising:
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calculating a predicted usage metric of the geo-fence
based on at least the usage metric of the cell, and a size
of the geo-fence;

receive campaign information that includes a duration and

media content;

calculating a value of the geo-fence based on the cam-

paign information and the predicted usage metric; and
assigning the value to the geo-fence.

10. The system of claim 9, wherein the value of the
geo-fence includes a value per period of time, wherein the
period of time is determined based on the predicted usage
metric.

11. The system of claim 9, wherein the value of the
geo-fence includes a value per device that is exposed to a
campaign defined by the campaign information.

12. The system of claim 8, wherein the media content
identifies the location of interest.

13. The system of claim 8, wherein the media content
includes image data, audio data, video data, and media
overlays.

14. The system of claim 8, wherein the message includes
an ephemeral message.

15. A non-transitory machine-readable storage medium
comprising instructions that, when executed by one or more
processors of a machine, cause the machine to perform
operations including:

receiving geo-location data that defines a location of

interest;

generating a geo-fence based on the geo-location data, the

geo-fence having a boundary that encompasses a first
region that includes the location of interest;

dividing the first region encompassed by the geo-fence

into a set of cells, each cell among the set of cells
representing a portion of the first region;

detecting a message from a device located within a cell

from among the set of cells that form the first region,
the message including media content associated with
the location of interest;
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calculating a usage metric of the cell based on the
message from the device and the media content asso-
ciated with the location of interest, the usage metric
indicating at least a number of messages transmitted
from the cell that include the media content associated
with the location of interest over a predefined period of
time; and

adjusting the boundary of the geo-fence to encompass a

second region that includes the location of interest
based on the usage metric and a location of the cell
within the first region, the second region including the
cell from among the set of cells.

16. The non-transitory machine-readable storage medium
of claim 15, further comprising instructions that cause the
machine to perform operations further comprising:

calculating a predicted usage metric of the geo-fence

based on at least the usage metric of the cell, and a size
of the geo-fence;

receive campaign information that includes a duration and

media content;

calculating a value of the geo-fence based on the cam-

paign information and the predicted usage metric; and
assigning the value to the geo-fence.

17. The non-transitory machine-readable storage medium
of claim 16, wherein the value of the geo-fence includes a
value per period of time, wherein the period of time is
determined based on the predicted usage metric.

18. The non-transitory machine-readable storage medium
of claim 16, wherein the value of the geo-fence includes a
value per device that is exposed to a campaign defined by the
campaign information.

19. The non-transitory machine-readable storage medium
of claim 15, wherein the media content identifies the loca-
tion of interest.

20. The non-transitory machine-readable storage medium
of claim 15, wherein the media content includes image data,
audio data, video data, and media overlays.
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