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SYSTEMS AND METHODS FOR GEO-STAGING OF SENSOR DATA THROUGH
DISTRIBUTED GLOBAL (CLOUD) ARCHITECTURE

[0001]

Technical Field

[0002] The present disclosure generally relates to the field of computerized
systems. More particularly, the disclosure relates to computerized systems and
methods for geo-staging and/or location-based staging of sensor data through
distributed global or cloud architectures.

Background information

[0003) Latency, in a general sense, is a measure of time delay experienced in
a system. In a non-trivial computer network, for example, a typical packet of data will
be forwarded from a source to a destination over many links and via numerous
intermediate gateway devices. Each link introduces a delay into the path of the data
packet, and each gateway device generally does not start forwarding the received
packet until it has been completely received.

[0004] In such a network, the minimal latency is the sum of the latency of each
link (except the finat one), plus the forwarding latency of each gateway. In practice,
this minimal latency is further augmented by queuing and processing delays at the
gateways. Queuing delays occur, for example, when a gateway receives multiple
packets from different sources heading towards the same destination. Since often
only one packet can be transmitted at a time by the gateway, some of the received
packets must queue for transmission, thereby incurring additional delay. Processing
delays, on the other hand, are incurred while a gateway determines what to do with a
newly received packet. The combination of link, gateway, queuing, and processing
delays, among others, may produce a complex and variable network latency profile.

[0005) There are some known ways of reducing and simplifying network

latency, such as caching and aging of data based on geographical location. For
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example, caching may involve storing commonly-accessed data in geographically-
nearby storage to avoid undue latency, while aging of data may involve deleting data
from the cache that is older than a certain age. These techniques may not only
reduce latency on the delivery of data but also may ensure the latest available data.
[0006] In a cloud computing or other distributed architecture, for example,
location independence of terminals, such as mobile devices, may enable the terminals
to access data on the cloud regardless of the location of the terminals or the stored
data. Thus, the mobile devices may be frequently moving while maintaining access to

data on the cloud.

SUMMARY

[0007] In accordance with disclosed embodiments, there is provided a method
of staging real-time data in proximity to a mobile device, the method comprising:
predicting a plurality of geographic locations to which the mobile device may be
associated in a subsequent time period based on a set of package delivery routes;
identifying a set of storage devices based on the storage devices being located within
a predetermined proximity to the predicted geographic locations; selecting one or more
storage devices from among the set of storage devices based on a speed of one or
more network links and a physical distance between the storage device and the
geographical location; determining a weight for each of the selected storage devices,
the weight based on a probability that the mobile device will tfravel to a respective one
of the predicted plurality of geographic locations; and enabling the mobile device to
access a set of real-time data at a location corresponding to one of the predicted
plurality of geographic locations by transmitting the set of real-time data to a subset of
the selected storage devices based on the weight.

[0008] In accordance with disclosed embodiments, there is further provided a
computer-readable medium storing instructions, which, when executed by a processor,
cause the processor to perform a method of staging real-time data in proximity to a
mobile device, the method comprising: predicting a plurality of geographic locations to
which the mobile device may be associated in a subsequent time period based on a

-2
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set of package delivery routes; identifying a set of storage devices based on the
storage devices being located within a predetermined proximity to the predicted
geographic locations; selecting one or more storage devices from among the set of
storage devices based on a speed of one or more network links and a physical
distance between the storage device and the geographical location; determining a
weight for each of the selected storage devices, the weight based on a probability that
the mobile device will travel to a respective one of the predicted plurality of geographic
locations; and enabling the mobile device to access a set of real-time data at a
location corresponding to one of the predicted plurality of geographic locations by
transmitting the set of real-time data to a subset of the selected storage devices based
on the weight.

[0009] In accordance with disclosed embodiments, there is further provided a
system for staging real-time data in proximity to a mobile device, the system
comprising a host device configured to: predict a plurality of geographic locations to
which the mobile device may be associated in a subsequent time period based on a
set of package delivery routes; identify a set of storage devices based on the storage
devices being located within a predetermined proximity to the predicted geographic
locations; select one or more storage devices from among the set of storage devices
based on a speed of one or more network links and a physical distance between the
storage device and the geographical location; determine a weight for each of the
selected storage devices, the weight based on a probability that the mobile device will
travel to a respective one of the predicted plurality of geographic locations; and enable
the mobile device to access a set of real-time data at a location corresponding to one
of the predicted plurality of geographic locations by transmitting the set of real-time
data to a subset of the selected storage devices based on the weight.

[0010] In accordance with disclosed embodiments, there is further provided a

method of staging real-time data to reduce communication latency, the method
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comprising: identifying a storage device from a plurality of possible storage devices,
the identified storage device having a lower connection latency to the mobile device
than others from the possible storage devices; and enabling real-time data published
by the mobile device or provided to the mobile device to be stored on the identified
storage device.

[0011] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not

restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incorporated in and constitute
a part of this specification, illustrate disclosed embodiments and together with the
description, serve to explain the principles of the disclosed embodiments.

[0013] Figure 1 illustrates a system for distributing real-time data.

[0014] Figure 2 illustrates devices of an exemplary system for staging real-
time data.

[0015] Figure 3 illustrates the operations of an exemplary method for staging
real-time data in proximity to a mobile device.

[0016] Figure 4 illustrates the operations of an exemplary method interacting
with real-time data staged nearby by a host device.

[0017] Figure 5 illustrates an example of a table for identifying a storage
device in proximity to a mobile device.

[0018] Figure 6 illustrates operations of an exemplary method for staging data
at a predicted location for mobile device.

DETAILED DESCRIPTION

[0019] This disclosure generally relates to staging real-time data in proximity
to a mobile device in order to reduce access latency. Real-time in many practical
implementations would be “near real-time”, describing the intent to deliver, consume,
and/or produce data in real-time. In one example, the mobile device may be
publishing real-time data, such as sensor-collectable data, for analysis elsewhere. It
may be possible to reduce network latency by having the mobile device stage the
real-time data on a storage device that is proximate to the mobile device. In another
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example, the mobile device may be analyzing real-time data collected elsewhere. In
such an example, it may be possible to reduce networking latency by staging the
data proximate to the mobile device for the mobile device to access.

[0020] As discussed herein, the term “staging” may refer to temporarily storing
data at a particular storage location, for example at a gateway or a router, thatis in
proximity to a mobile device. In some embodiments, data may be staged ata
storage device, so that a proximate mobile device may access the data for analysis.
In other embodiments, the mobile device may stage data it collects by storing it at a
proximate storage device for analysis elsewhere.

[0021] The terms “proximity” or “proximate” may refer to a storage device that
is physically near to a mobile device. Such a storage device may be the closest
available storage device to the mobile device. Alternatively, such a storage device
may not be the closest available storage device, but may be one of a predetermined
number of nearby storage devices. For example, the storage device may be one of
the 5, 10, or 15 closest storage devices to the mobile device.

[0022] In some embodiments, given a choice between two storage devices, a
storage device located geographically closer to a mobile device would have an
reduced latency in delivering real-time data than the farther storage device.

[0023] Alternatively or additionally, the terms “proximity” or “proximate” may
refer to a storage device that is logically near to a mobile device. Such a storage
device may have the fewest number of links connecting it to the mobile device.
Alternatively, such a storage device may not have the fewest number of links
connecting it to the mobile device, but may be one of a predetermined number of
storage devices with the fewest links. For example, the storage device may be one
of the 5, 10, or 15 storage devices with the least number of links to the mobile
device.

[0024] In some embodiments, the terms “proximity” or “proximate” may refer to
a storage device identified by balancing multiple factors, such as the processing
speed of the storage device, the number of links between the storage device and the
mobile device, the speed of those links, and/or the length of the links. Based on a
combination of those factors, the storage device with the least expected latency may
be used for staging data.

[0025] Thus, generally speaking, in some embodiments, data may be stored
at a storage device with a relatively low latency between it and a mobile device. For

-4-
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example, the storage device may have the lowest communication latency between
itself and the mobile device. Alternatively, the storage device may be one of 5, 10,
or 15, for example, storage devices with the lowest communication latency to the
mobile device.

[0026] Staging real-time data proximate to a mobile device may also reduce a
financial cost of delivering the real-time data. For example, a storage device
proximate to a mobile device may have fewer carrier or network charges associated
with communications between the storage device and the mobile devices. Thus,
from a financial point of view, it may be advantageous to stage real-time data near a
mobile device.

[0027] In disclosed embodiments, the mobile devices may be moving
regularly. Thus, disclosed embodiments may enable real-time data to be stored in
proximity to a mobile device depending on an updated or predicted location of the
mobile device.

[0028] In some embodiments, the real-time information is collected from one
or more mobile devices associated with a package in a delivery network. The mobile
devices, such as sensors, may be used to collect information associated with
packages in transit. The delivery network in one example comprises a network of
transportation vehicles such as airplanes, trains, trucks and other means for
transporting goods of any type. The delivery network may be used to collect
packages from sources (for example, senders) and to deliver the packages to
destinations (for example, recipients).

[0029] In one exampie embodiment, one or more mobile devices may be
associated with a package; in other words, the one or more mobile devices may be
placed within a package, attached to a package, or otherwise placed within a vicinity
of the package. The precise location of a mobile devices in relation to the package
(within, attached, within the vicinity, or in close proximity, for example) may not
matter; what matters is that in some embodiments, the one or more mobile devices
can effectively collect the particular type of information associated with the package
and/or its contents. For example, this sensor-collectable information may include
geographic location information and/or other conditions associated with the package
or its contents at any given time, including exterior and/or interior temperature of the
package, humidity within or about the package, moisture levels within or about the
package, altitude of the package, and any other conditions that sensors can collect.

-5-
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For purposes of this disclosure, a container or package may be a box, envelope or
any other media used to ship documentation or products from one point to another.
And an “article” may be used to refer to the container etc. and its contents.

[0030] In some embodiments, the real-time information may be collected from
one or more mobile devices associated with a package in a delivery network, as
discussed above. Real-time information, however, is not limited to sensor-
collectable information about an environment of a package, and may include other
information such as: stock prices, news headlines, interest rates, Twitter feeds,
and/or sports scores. In general, real-time data may be information that may
frequently change or update, and that may be time-dependent.

[0031] The shared information may also drive logic residing on a mobile
device, such as a sensor, where real-time availability of the shared information is
needed to eliminate the need of the sensor to duplicate information capture. For
example, a first sensor may read temperature data collected by a second sensor
nearby, instead of collecting the temperature data itself. This may lower the cost of
the first sensor, since it would not need components for collecting the temperature
data. For these reasons, it may be important fo reduce the delivery latency of real-
time data.

[0032] Reference will now be made in detail to exemplary embodiments,
examples of which are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer
to the same or like parts.

[0033] Figure 1 illustrates a system 100 for distributing real-time data. System
100 may include storage devices at different locations. For example, system 100
may include a storage device 102 at location A, a storage device 104 at location B, a
storage device 106 at Iccation C, and a storage device 108 at location D.

[0034] Storage devices 102-108 may interface with network 110 to connect
with each other, at least one host device 112, and/or at least one mobile device 114.
Network 110 may be a shared, public, or private network, may encompass a wide
area or local area, and may be implemented through any suitable combination of
wired and/or wireless communication networks. Furthermore, network 110 may
comprise a local area network (LAN), a wide area network (WAN), an intranet, or the
Internet. Network 114 may be a cloud network, a mesh network, or some other kind
of distributed network. In some embodiments, some combination of storage devices

-6-
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102-108, host device 112, and/or mobile device 114 may be directly connected, via a
wired or wireless connection, instead of connecting through network 110.

[0035] Mobile device 114 may be moving geographically among many
locations, such as locations A, B, C, and D, proximate to storage devices 102-108.
Mobile device 114 may publish and/or analyze real-time data from/to host device
112, for example.

[0036] Host device 112 may identify a current or predicted location of mobile
device 114. For example, host device 112 may poll mobile device 114 and request
its GPS coordinates. Upon receipt of the GPS coordinates, host device 112 may
identify the closest storage device that mobile device 114 may be able to interact
with. For example, host device 112 may determine that mobile device 114 is
proximate to storage device 108, located at location D. Thus, host device 112 may
inform mobile device 114 that storage device 108 at location D is the closest storage
device. Mobile device 114 may establish a connection with storage device 108 at
location D, either via network 110, a direct connection, or some other connection.
Mobile device 114 may also publish real-time data that is has collected to storage
device 108 at location D via the established connection. For example, mobile device
114 may collect environmental data about a package in transit, that may need to be
analyzed elsewhere, such as by host device 112. The environmental data may be
time-sensitive and may need to be analyzed in real-time or near real-time. By
sending the real-time data to the closest storage device (e.g., storage device 108 at
location D), mobile device 114 may reduce the latency or financial cost associated
with the environmental data when it travels to host device 112 for analysis, for
example.

[0037] Alternatively, instead of publishing data, mobile device 114 may
download, read, or be provided data for processing. For example, if mobile device
114 is associated with a package in transit, mobile device 114 may need to
download other real-time information to make a determination relating to the
package. For example, mobile device 114 may accompany a package in transit that
cannot be in an environment that exceeds a certain temperature. if the package is
scheduled to be transported from a truck to a warehouse, mobile device 114 may
need to determine whether the temperature in the warehouse is within the threshold
for the package. Thus, mobile device 114 may need to retrieve real-time
temperature information from inside the warehouse. If the temperature inside the

-7-



warehouse exceeds the temperature threshold for the package, then mobile device 114 may
trigger an alarm or take other action. In some embodiments, the package may have the
capability of passively or actively controlling its internal temperature, and may do so according
to the warehouse temperature, either before or after being transported to the warehouse.

[0038] In some embodiments, host device 112 may store or have access to the
temperature information collected by sensors inside the warehouse, and may publish this
information to a storage device proximate to mobile device 114 (e.g., storage device 108 at
jocation D). By staging this data close to mobile device 114, host device 112 may reduce the
amount of time it takes for mobile device 114 to retrieve the temperature data for the
warehouse. With faster access to real- time data, the temperature analysis of mobile device
114 is more likely to be accurate.

[0039] System 100 is exemplary, and the number and distribution of the various entities
shown may be different depending on specific embodiments. For example, the components in
system 100 may be combined and/or distributed over multiple entities, including other
computers, handheld computers, mobile phones, tablet computers, or other computing
platform. Thus, the configuration described in system 100 is an example only and is not
intended to be limiting.

[0040] Figure 2 illustrates devices of an exemplary system 200 for staging real-time
data. System 200 may include mobile device 202 and host / storage device 204. Mobile device
202 may be similar to mobile device 114 from Fig. 1, and host / storage device 204 may be
similar to one of storage devices 102-108 or host device 112. Both mobile device 202 and
host / storage device 204 may include general-purpose computing components configured to
execute special-purpose instructions or code to perform certain actions.

[0041] Mobile device 202 may include detecting portion 206, which may include one or
more software and/or hardware components for collecting data, such as environmental data.
For example, detecting portion 206 may collect location information about itself. In some
embodiments, location information may include the use of a Global Positioning System (GPS).
Alternately, location information may be determined through cellular triangulation, wireless
network association, the capture of fixed location scan, or the capture of mobile location scan.
Some exemplary aspects of mobile device 202 are described in U.S. Application Nos.
13/351,861 and 13/351,852.

CA 2827358 2019-05-23
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[0042] In addition to location information, detecting portion 206 may collect
other data about the environment surrounding mobile device 202. For example,
detecting portion 206 may collect data about temperature, light level, motion,
pressure, humidity, gas level, airflow, vibrations, radiation, time, audio, video,
orientation, or other environmental conditions. If mobile device 202 is associated
with a package in transit, the environment of the package may need to be within
certain parameters, such as within a certain temperature, pressure, or humidity
range. Other information like time, audio, or video may be relevant to determine the
circumstances of delivery of the package. For example, mobile device 202 may take
a photograph or video of the person accepting the package when the package is
delivered, or arrives at an intermediate destination, like a processing center. Mobile
device 202 may also take audio or determine a time. Mobile device 202 may also
collect information input from a user or elsewhere, such a Twitter status updates,
photographs, location information, etc. In some embodiments, mobile device 202
may include numerous detecting portions 206, each of which may be configured to
collect a different kind of environmental data. In some embodiments, a single
detecting portion 206 may be capable of collecting different kinds of environmental
data.

[0043] Mobile device 202 may also include central processing unit (CPU) 208
and memory 210 to process data, such as the collected environmental data, inputted
data, or data retrieved from a storage device. CPU 208 may include one or more
processors configured to execute computer program instructions to perform various
processes and methods. CPU 208 may read the computer program instructions
from memory 210 or from any computer-readable medium. Memory 210 may
include random access memory (RAM) and/or read only memory (ROM) configured
to access and store information and computer program instructions. Memory 210
may also include additional memory to store data and information and/cr one or
more internal databases to store tables, lists, or other data structures.

[0044] Mobile device 202 may include 1/O Unit 212 for sending data over a
network or any other medium. For example, /O Unit 212 may send data over a
network, point-to-point, and/or point-to-multipoint connection either wirelessly or over
a cable.

[0045] Host / storage device 204 may include a CPU 214 and/or a memory
216, which may be similar to CPU 208 and memory 210 from mobile device 202.

-9-
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Host / Storage Device 204 may also include database 218. Database 218 may store
large amounts of data, and may include a magnetic, semiconductor, tape, optical, or
other type of storage device. In some embodiments, database 218 may store
historical data for auditing purposes. Host/ storage device 204 may include an I/O
Unit 220 for communicating with mobile device 202. 1/0 Unit 220 may be similar to
1/0 Unit 212 on mobile device 202.

[0046] System 200 is exemplary only, and the number and distribution of the
various entities shown may be different depending on specific embodiments. For
example, in some embodiments, mobile device 202 may not include detecting
portion 206, CPU 208, and/or memory 210. In some embodiments, host / storage
device 204 may be distributed over multiple entities, including other distribution
systems, sensors, computers, handheld computers, mobile phones, tablet
computers, or other computing platform. Mobile device 202 may similarly be
implemented or distributed over any computing platform. Thus, the configuration
described in system 200 is an example only and is not intended to be limiting.

[0047] Figure 3 illustrates the operations of an exemplary method 300 for
staging real-time data in proximity toc a mobile device. Method 300 may be executed
by CPU 214 on host device 112. Method 300 may also be performed in conjunction
with other components shown or not shown in system 100. As explained, in some
implementations, some steps in method 300 are optional and can be rearranged.
Additional steps can also be added to method 300.

[0048] To begin, host device 112 may poll mobile device 114 to obtain
location information for mobile device 114 or to determine a location of mobile device
114 (step 302). Alternatively, to determine a location of mobile device 114, host
device 112 may have access to a travel plan of mobile device 114, may receive user
input indicating a location of mobile device 114, or may interact with another
computing device to determine the location of mobile device 114.

[0049] Host device 112 may then receive information identifying the location of
mobile device 114 (step 304). For example, mobile device 114 may respond to the
poll with GPS or other location information. Alternatively or additionally, mobile
device 114 may respond to the poll with a network address, such as an IP address.
Host device 112 may then determine a location associated with mobile device 114
from the information accompanying the poll response (step 306). This step may be
optional if the data provided by mobile device 202 already indicates a location, such

-10 -
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as GPS coordinates. But if mobile device 114 provides a network address, for
example, host device 112 may need to determine a location associated with the
network address at step 306. For example, certain prefixes or combinations of letter
and/or numbers in the network address may be associated with a particular
geographic or topographical location.

[0050] Next, host device 112 may identify a storage device in proximity to the
determined location (step 308). Using the example from Fig. 1, host device 112 may
determine that storage device 108 at location D is the closest to mobile device 114.
Then, host device 112 may inform mobile device 114 that storage device 108 at
location D, for example, is the closest storage device that mobile device 114 may
use at that moment in time (step 310).

[0051] Host device 112 may then enable real-time data to be stored on
storage device 108 at location D (step 312). For example, host device 112 may
store real-time data on storage device 108 at location D for mobile device 114 to
download. Alternatively, host device 112 may read data from storage device 108 at
location D that has been published by maobile device 114. Method 300 may then
end.

[0052] Figure 4 illustrates the operations of an exemplary method 400 for
interacting with real-time data staged nearby by host device 112, Method 400 may
be executed by CPU 208 on mobile device 114. Method 400 may also be performed
in conjunction with other components not shown in system 100. As explained, some
steps in method 400 are optional and can be rearranged. Additional steps can also
be added to method 400.

[0053] Method 400 begins by mobile device 114 receiving a poll message
from host device 112 (step 402). The poll message may request location information
from mobile device 114. Mobile device 114 may respond to the poll by providing
location information to host device 112 (step 404). For example, mobile device 114
may provide GPS location or other location information to host device 112.
Alternatively or additionally, mobile device 114 may provide its network address to
host device 112.

[0054] Next, mobile device 114 may receive information from host device 112
identifying a proximate storage device (step 408). For example, mobile device 114
may receive an indication that storage device 108 at location D is the closest storage
device with which mobile device 114 may interact. Mobile device 114 may then

-11 -



CA 02827358 2013-08-12
WO 2012/115970 PCT/US2012/025947

publish and/or retrieve real-time data from the identified storage device (step 410).
For example, mobile device 114 may publish information describing an environment
of a package in transit to storage device 108 at location D. As another example,
mobile device 114 may retrieve environmental conditions collected by other mobile
devices from storage device 108 at location D. Because this real-time information is
staged proximate to mobile device 114, the delay and/or cost in providing it for
processing may be reduced.

[0055] As discussed above, after determining a location of mobile device 114,
host 112 may need to identify a proximate storage device. This may be done in
different ways. Figure 5illustrates an example of a table 500 for identifying a
storage device in proximity to mobile device 114. Table 500 may be stored in
memory 216 and/or database 218 of host device 112.

[0056] Table 500 may include columns 502 and 504. Column 502 may list
various storage devices. Various types of identifiers may be used for the storage
devices in column 502, such as a network address, name, or any other identifier.
Column 504 may list one or more locations associated with the listed storage
devices. Various types of identifiers may be used for the location in column 504,
such as GPS coordinates, a range of GPS coordinates, other mapping coordinates,
a description of a known area like a county or city, a network address, or any other
manner by which to identify a geographical location.

[0057] By way of example, row 506 of table 500 may identify “Storage Device
102" as a storage device and “Location A’ as a location. This means that if mobile
device 114is in “Location A,” then “Storage Device 102" is the proximate storage
device through which mobile device 114 should interact. Similarly, row 508 of table
500 may identify “Storage Device 104" as a storage device and “Location B" as a
location. This means that if mobile device 114 is in “Location B,” then “Storage
Device 104" is the proximate storage device through which mobile device 114 should
interact. Inrows 510 and 512, table 500 illustrates similar examples for “Storage
Device 108" in “Location C” and “Storage Device 108" in “Location D,” respectively.

[0058] In disclosed embodiments, mobile device 114 may be moving fairly
rapidly from location to location. For example, mobile device 114 may be in a car or
truck, or may be transported in some other way. To enable the staging of data
proximate to mobile device 114 during movement, host device 112 may need to
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predict a future location of mobile device 114, and then ensure that the data is
staged at a storage device proximate to the predicted location.

[0059] Figure 6 illustrates operations of an exemplary method 600 for staging
data at a predicted location for mobile device 114. Method 600 may be executed by
CPU 214 on host device 112. Method 600 may also be performed in conjunction
with other components not shown in system 100. As explained, some steps in
method 600 are optional and can be rearranged. Additional steps can also be added
to method 600.

[0060] To begin, host device 112 may predict one or more locations where
mobile device 114 is likely to move (step 602). For example, host device 112 may
receive a plurality of GPS coordinates in a short amount of time from mobile device
114. From the multiple coordinates, host device 112 may be able to determine a
speed and direction in which mobile device 114 is travelling. From the speed and
direction, and in consultation with a map, host device 112 may be able to predict a
future location of mobile device 114.

[0061] There are other ways host device 112 can predict a future location of
mobile device 114. For example, host device 112 may be aware of an expected
route or path of mobile device 114. Mobile device 114 may be accompanying a
package in transit on an expected route. Host device 112 may know the expected
route and may predict a future location of mobile device 114 accordingly. Host
device 112 may also use mapping or graphing algorithms to determine an expected
route if host device 112 has limited information, such as only a source and
destination location.

[0062] Host device 112 may determine whether or not it has identified more
than one predicted location (step 604). In disclosed embodiments, host device 112
may identify multiple predicted locations where mobile device 114 may travel. Each
of the locations may have an associated probability or likelihood that mobile device
114 will travel there. If the probability for a location is above a threshold amount,
host device 112 may consider the location to be a predicted location. Accordingly,
host 112 may predict more than one possible location.

[0063] There are other ways that host device 112 may identify more than one
predicted location of mobile device 114. For example, host device may know a
source and destination location of mobile device 114, and also know that there are
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two possible routes for mobile device 114 to follow. Thus, in this example, host
device 114 may identify a location on each of the two routes as predicted locations.

[0064] Alternatively or additionally, host device 112 may determine more than
one predicted location as different points along the same route. For example, host
device may take into account a possible travel delay (such as a traffic disruption) in
predicting a future location for mobile device 114. Thus, host device 112 may predict
a location along a route if there is no delay and also predict another location along
the same route if there is a delay.

[0065] If host device 112 does not identify more than one predicted location,
then host device 112 ensures that the real-time data is staged at a storage device
proximate to the one predicted location (step 606). For example, host device 112
may store real-time data at the proximate storage device or indicate to mobile device
114 that it publish real-time data to the proximate storage device.

[0066] Alternatively, if host device 112 does identify more than one predicted
location, then host device 112 may determine whether or not it is financially
expensive to stage real-time data at storage devices in multiple locations (step 608).
This may be the case, for example, if there are network or carrier fees associated
with staging real-time data. If it is not expensive to stage data at multiple predicted
locations, then host device 112 may stage real-time data at multiple storage devices
(step 610). For example, host device 112 may store real-time data at multiple
storage devices or indicate to mobile device 114 that it publish real-time data to
multiple storage devices. In this way, host device 112 may increase the chances of
staging the real-time data proximate at a future location of mobile device 114.

[0067] If, however, it is expensive to stage the real-time data at multiple
locations, then host device 112 may perform a probability - cost-benefit analysis
(step 612). For example, host device 112 may associate a probability or likelihood
that mobile device 114 will be at each of the multiple predicted locations. Storage
devices associated with each of these locations may also have a financial cost
associated with them. For a storage device associated with a predicted location,
host device 112 may multiply the financial cost of staging real-time data at the
storage device with the probability that mobile device 114 will be geographically
proximate to the storage device to determine a weight. After performing this
probability — cost-benefit analysis on each of the storage devices associated with the
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predicted locations, host device 112 may have a list of the storage devices, each
storage device being associated with a weight (probability multiplied by cost).

[0068] Host device 112 may then stage real-time data at one or more of the
storage devices associated with predicted locations, in accordance with the
probability - cost-benefit analysis (step 614). For example, host device 112 may
stage the real-time data at the storage devices that have a weight greater than a
threshold. In this way, host device 112 may balance the financial cost of staging
real-time data at a particular storage device with the probability of mobile device 114
being proximate to the particular storage device.

[0069] While certain features and embodiments of the invention have been
described, other embodiments of the invention will be apparent to those skilled in the
art from consideration of the specification and practice of the embodiments of the
invention disclosed herein. Furthermore, although aspects of embodiments of the
present invention have been described in part as software, computer-executable
instructions, and/or other data stored in memory and other storage mediums, one
skilled in the art will appreciate that these aspects can also be stored on or read from
other types of tangible, non-transitory computer-readable media, such as secondary
storage devices, like hard disks, floppy disks, or a CD-ROM, or other forms of RAM
or ROM. Further, the steps of the disclosed methods may be modified in various
ways, including by reordering steps and/or inserting or deleting steps, without
departing from the principles of the invention.

[0070] It is intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention being indicated by the
following claims.
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WHAT IS CLAIMED 1S:

1. A method of staging real-time data in proximity to a mobile device, the
method comprising:

predicting a plurality of geographic locations to which the mobile device may
be associated in a subsequent time period based on a set of package delivery
routes;

identifying a set of storage devices based on the storage devices being
located within a predetermined proximity to the predicted geographic locations;

selecting one or more storage devices from among the set of storage devices
based on a speed of one or more network links and a physical distance between the
storage device and the geographical location;

determining a weight for each of the selected storage devices, the weight
based on a probability that the mobile device will travel to a respective one of the
predicted plurality of geographic locations; and

enabling the mobile device to access a set of real-time data at a location
corresponding to one of the predicted plurality of geographic locations by transmitting
the set of real-time data to a subset of the selected storage devices based on the

weight.

2. The method of claim 1, wherein the predicted plurality of geographic

locations comprise GPS coordinates.

3. The method of claim 1, wherein:

one of the identified storage devices is a first storage device;

a second storage device is geographically located farther away from one of
the predicted plurality of geographic locations associated with the first storage device

than the first storage device; and
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enabling the set of real-time data to be stored on the first storage device
instead of the second storage device to reduce latency of delivering the set of real-

time data.

4. The method of claim 1, wherein predicting the plurality of the geographic
location further comprises:

polling the mobile device;

in response to the poll, receiving information identifying the geographic
location of the mobile device; and

predicting the plurality of geographic locations based on a speed and direction

associated with the received information.

5. The method of claim 1, wherein predicting the plurality of geographic
locations further comprises:

predicting one or more locations where the mobile device is likely to move;

and

setting the geographic location to at least one of the predicted locations.

6. The method of claim 5, wherein if the mobile device is predicted to move to
at least a first location proximate to a first storage device or a second location
proximate to a second storage device, the method further comprises:

enabling the real-time data to be stored on both the first storage device and

the second storage device.

7. A computer-readable medium storing instructions, which, when executed by
a processor, cause the processor to perform a method of staging real-time data in
proximity to a mobile device, the method comprising:
predicting a plurality of geographic locations to which the mobile device may
be associated in a subsequent time period based on a set of package delivery
routes;
-17 -
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identifying a set of storage devices based on the storage devices being
located within a predetermined proximity to the predicted geographic locations;

selecting one or more storage devices from among the set of storage devices
based on a speed of one or more network links and a physical distance between the
storage device and the geographical location;

determining a weight for each of the selected storage devices, the weight
based on a probability that the mobile device will travel to a respective one of the
predicted plurality of geographic locations; and

enabling the mobile device to access a set of real-time data at a location
corresponding to one of the predicted plurality of geographic locations by transmitting
the set of real-time data to a subset of the selected storage devices based on the

weight.

8. The computer-readable medium of claim 7, wherein the predicted plurality

of geographic locations comprise GPS coordinates.

9. The computer-readable medium of claim 7, wherein:

one of the identified storage device is a first storage device;

a second storage device is geographically located farther away from one of
the predicted plurality of geographic locations associated with the first storage device
than the first storage device; and

enabling the set of real-time data to be stored on the first storage device
instead of the second storage device to reduce latency of delivering the set of real-

time data.

10. The computer-readable medium of claim 7, wherein predicting the plurality
of geographic location further comprises:
polling the mobile device;
in response to the poll, receiving information identifying the geographic
location of the mobile device; and
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predicting the plurality of geographic locations based on a speed and direction

associated with the received information.

11. The computer-readable medium of claim 7, wherein predicting the plurality
of geographic location further comprises:

predicting one or more locations where the mobile device is likely to move,;

and

setting the geographic location to at least one of the predicted locations.

12. The computer-readable medium of claim 11, wherein if the mobile device
is predicted to move to at least a first location proximate to a first storage device or a
second location proximate to a second storage device, the method further comprises:

enabling the real-time data to be stored on both the first storage device and

the second storage device.

13. A system for staging real-time data in proximity to a mobile device, the
system comprising a host device configured to:

predict a plurality of geographic locations to which the mobile device may be
associated in a subsequent time period based on a set of package delivery routes;

identify a set of storage devices based on the storage devices being located
within a predetermined proximity to the predicted geographic locations;

select one or more storage devices from among the set of storage devices
based on a speed of one or more network links and a physical distance between the
storage device and the geographical location;

determine a weight for each of the selected storage devices, the weight based
on a probability that the mobile device will travel to a respective one of the predicted
plurality of geographic locations; and

enable the mobile device to access a set of real-time data at a location

corresponding to one of the predicted plurality of geographic locations by transmitting
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the set of real-time data to a subset of the selected storage devices based on the

weight.

14. The system of claim 13, wherein the predicted plurality of geographic

locations comprise GPS coordinates.

15. The system of claim 13, wherein one of the identified storage devices is a
first storage device;

the system further comprises a second storage device that is geographically
located farther away from one of the predicted plurality of geographic locations
associated with the first storage device than the first storage device; and

the host device is further configured to enable the set of real-time data to be
stored on the first storage device instead of the second storage device to reduce

latency of delivering the set of real-time data.

16. The system of claim 13, wherein by predicting the plurality of geographic
location, the host device is further-configured to:

poll the mobile device;

in response to the poll, receive information identifying the geographic location
of the mobile device; and

predict the plurality of geographic locations based on a speed and direction

associated with the received information.
17. The system of claim 13, wherein by predicting the plurality of geographic
location, the host device is further configured to:

predict one or more locations where the mobile device is likely to move; and

set the geographic location to at least one of the predicted locations.
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18. The system of claim 17, wherein if the mobile device is predicted to move
to at least a first location proximate to a first storage device or a second location
proximate to a second storage device, the host is further configured to:

enable the real-time data to be stored on both the first storage device and the

second storage device.
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