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(57) Abstract: Systems and methods of determining network configurations for a modular computing entity are disclosed. For in-
stance, a desired functionality to be implemented by a modular computing entity can be identified. Capacity data associated with one
or more candidate network devices that are available to join a network associated with the modular computing entity is received. A
network combination to implement the desired functionality can be determined based at least in part on the received capacity data.
The network combination can include at least a subset ot the candidate network devices.
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DETERMINING NETWORK CONFIGURATIONS FOR A MODULAR COMPUTING
ENTITY

FIELD
[0001] The present disclosure relates generally to modular electronic devices, and more
particularly to determining network combinations associated with a modular computing

entity.

SUMMARY
[0602] Modular systems such as a modular electronic device can have multiple different
modular electronic components, which can be referred to as “modules.” Modules can be
removable, replaceable, and/or interchangeable. In general, different modules of a modular
device or system can be capable of performing different functions, including a specialized
function and/or one or more general functions.
[0003] As an example, specialized modules can perform one or more specific functions
using one or more specific resources. Examples of specialized modules include a camera
module, a battery module, or other module configured to perform a particular task. Thus, in
some examples, the specific functions can include capturing an image, supplying power, or
performing a specific function using special hardware (e.g., performing a cryptographic
function, a graphics processing function, etc.).
[0004] Other modules can have the capability to perform general functions using their
general resources, such as a memory and a processor. For example, modules can have the
ability to communicate with an external module or device {e.g., through a hardwired
connection or using a wireless connection). Exampies of general functions include
performing a processing task, storing data in memory, or utilizing communication bandwidth.
00051 Modules can be combined with other modules or devices. In some examples,
such combination can utilize physical combination, for example, by attaching modules to
each other or a common structure. For example, a processing module from a modular phone
can be removably physically combined with an interface module (e.g., HDMI or USB) to
provide video-playback functionality. In other examples, combinations of modules can
include physically unconnected devices, such as, for example, modules that are

communicatively connected over one or more wireless communication links.
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[0006] Aspects and advantages of embodiments of the present disclosure will be set forth
in part in the following description, or may be learned from the description, or roay be
learned through practice of the embodiments.

00071 One example aspect of the present disclosure is directed to a computer-
implemented method of determining a network configuration for a modular computing entity.
The method includes identifving, by one or more computing devices, a desired functionality
to be implemented by a modular computing entity. The method further includes receiving, by
the one or more computing devices, capacity data associated with one or more candidate
network devices that are available to join a network associated with the modular computing
entity. The method further includes determining, by the one or more computing devices, a
network combination to implement the desired functionality based at least in part on the
received capacity data. The network combination includes at least a subset of the candidate
network devices.

{0008 In some examples of the invention the modular electronic device may be a
modular mobile telephone or other modular hand held user device, the device comprising a
plurality of modular electronic components which the user can readily plug and unplug from
each other to form a desired combination of components. Each such component may then
comprises a housing provided with one or more physical conuector features for coupling to
other such components, and optionally physical power and/or data communications
connections which connect when such components are brought together by the user. Such
modular electronic components which can be incorporated into a single such modular
electronic device by a user may comprise, for example, one or more telephony modules,
display modules, camera modules, processing modules, memory modules, power supply
modules, and so forth.

[0009] Gther example aspects of the present disclosure are directed to systems, apparatus,
tangible, non-transitory computer-readable media, user interfaces, memory devices, and
electronic devices for determining network configurations associated with a modular
computing entity.

[0010] These and other features, aspects and advantages of various embodiments will
become better understood with reference to the following description and appended claims.
The accompanying drawings, which are incorporated 1o and constitute a part of this
specification, illustrate embodiments of the present disclosure and, together with the

description, serve to explain the related principles.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Detailed discussion of embodiments directed to one of ordinary skill in the art are
set torth in the specification, which makes reference to the appended figures, 1n which:
(00121 FIG. 1 depicts an overview of an example modular computing entity according to
example embodiments of the present disclosure;
[0013] FIG. 2 depicts an over view of an example modular computing entity according to
example embodiments of the present disclosure;
[0014] FIG. 3 depicts a flow diagram of an example method of determining a network
configuration associated with a modular computing entity according to example embodiments
of the present disclosure;
[0015] FIG. 4 depicts a flow diagram of an example method of establishing a network to
implement desired functionality according to example erabodiments of the present disclosure;
and
[0016] FIG. 5 depicts an example system according to example embodiments of the

present disclosure.

DETAILED DESCRIPTION
[00171 Reference now will be made in detail to embodiments, one or more examples of
which are illustrated in the drawings. Each example is provided by way of explanation of the
embodiments, not limitation of the present disclosure. In fact, it will be apparent to those
skilled in the art that various modifications and variations can be made to the embodiments
without departing from the scope or spirit of the present disclosure. For tnstance, features
ilhustrated or described as part of one embodiment can be used with another embodiment to
yield a still further embodiment. Thus, it is intended that aspects of the present disclosure
cover such modifications and variations.
[0018] HExample aspects of the present disclosure are directed to determining network
configurations for a modular computing entity. In particular, the present disclosure relates to
ad hoc combinations of computing devices or components that can sense each other, connect,
and share functionality, for instance, to perform computing tasks. As an example, computing
devices or components can discover each other’s presence and availability, and can advertise
their own availability and/or capabilities. Such computing devices or components can

negotiate the use of resources, identify tasks suitable for a modular computing entity
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associated with a modular network environment, and/or assign or allocate tasks using
available resources to perform the tasks.

[0019] More particularly, example aspects of the present disclosure are directed to
determining and/or establishing ad hoc combinations of available computing devices to
perform one or more computing tasks. For instance, a destred functionality associated with a
modular computing entity can be identified. Capacity data associated with one or more
candidate network devices that are available to join a network to be associated with a
modular computing entity can be received. The capacity data can include one or more
capabilities of the candidate network device(s) and/or one or more available resources of the
candidate network device(s). A network combination to implement the desired functionality
can then be determined based at least in part on the capacity data. The network combination
can include at least a subset of candidate network devices. The modular computing entity can
be formed by establishing an ad hoc network and joining the candidate network devices of
the network combination to the network,

100201 A set of candidate network devices available to join a network and to contribute
functionality to a modular computing entity, for instance, via network communication can be
identitied. For instance, a candidate network device can be a computing device, computing
component, modular computing device, modular component, module, and/or any other
suitable device or component capable of contributing functionality to a modular computing
entity. In some implementations, the candidate network devices can include one or more
smartphones, tablets, laptop computing devices, desktop computing devices, wearable
computing devices, and/or various other suitable computing or electronic devices. In some
implementations, the candidate network devices can include one or more modules, such as
one or more modular processing components, modular memory components, modular power
components, modular input/output components, and/or various other suitable modules.
[0021] As indicated one or more candidate network devices can be joined to an ad hoc
combination of devices to form a modular computing entity. The ad hoc combination can
communicate via a network, such as an ad hoc wireless network. In some implementations,
the modular computing entity can be formed based at least in part on the capabilities and/or
available resources of the candidate network devices. For instance, each candidate network
device can advertise or otherwise broadcast capacity data associated with the candidate

network device. In some implementations, the capacity data can be broadcast on a periodic
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basis. In some implementations, the capacity data may be broadcast in response to a request
for capacity data from a coroputing device.

[0022] The capacity data can include identitying data associated with the candidate
network device. The capacity data can further include data indicative of one or more
capabilities and/or available resources of the candidate network device. For instance, the
capabilities of the candidate network device may include functionality that the device 18
capable of implementing. In some implementations, the capabilities may further describe
vartous metrics associated with the implementation of the functionality, such as bandwidth
data, packet reception data, latency data, quality of service data, and/or other suitable data.
The available resources can include processing resources, memory resources, battery
resources, communication resources and/or various other suttable resources. The available
resources may include a total amount of available resources of the candidate network device
and/or an amount of resources that the candidate network device 13 willing to provide. The
data indicative of the available resources may include a resource allocation schedule
specifying one or more time periods in which device resources will be available or
unavailable. In some implementations, the capacity data can include a predicted future
capacity to perform one or more tasks. For instance, a future availability of modular
combinations and/or a future availability of computing resources can be predicted and used in
determining future tasks to be performed.

00231 A network combination can be determined based at least in part on the received
capacity data. In particular, the network combination can be determined based at least in part
on the capabilities and/or available resources of the candidate network devices available to
join the network. The network combination can include at least a subset of the candidate
network devices. In this manner, the network combination can be determined to provide a
desired functionality, and the at least a subset of candidate network devices can include
candidate network devices that can contribute resources to achieve the desired functionality.
For instance, in some implementations, determining a network combination can include
determining a set of resources required to implement the desired functionality. One or more
candidate network devices can then be selected for the network combination based at least in
part on the received capacity data and the determined required resources. For instance, the
recetved capacity data can be analyzed 1o light of the determined required resources to select
one or more candidate network devices that collectively have available the resources required

to implement the desired functionality.
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00241 In some implementations, the desired functionality can be a general functionality.
In some implementations, the desired functionality can be determined or identified based at
least in part on one or more computing tasks to be performed. The one or more tasks can be
requested by auser. For instance, a user may provide an input to a computing device
indicative of a requested task to be performed by the computing device. One or more
subtasks or tasklets associated with the computing task can be determined. For instance, the
subtasks can be operations to be performed in service of performing the computing task. The
computing device may further determine a set of resources and/or capabilities required to
perform the computing task and/or subtasks. For instance the set of resources may include
pProcessing resources, memory resources, battery resources, communication resources and/or
various other suitable resources required to perform a computing task. In such
implementations, the desired functionality can be functionality associated with performing
the one or ruore identified computing tasks and/or subtasks. Io this manner, the desired
functionality can be determined based at least in part on the identified computing tasks. For
instance, the desired functionality can be functionality required to perform the one or more
computing tasks and/or subtasks.

[0025] In some implementations, the desired functionality can be determined based at
least in part on the capacity data of the candidate network devices. For instance, the desired
functionality can be determined or identified based at feast in part on the capabilities and/or
available resources of the candidate network devices available to join the network. In this
manner, the desired functionality can be determined so that the candidate network devices are
coliectively capable of implementing the desired functionality. In some implernentations, an
initial desired functionality may be adjusted based at least in part on the capacity data of the
candidate network devices. For instance, an initial desired functionality determined without
knowledge of the capacity data of the candidate network devices can be adjusted to an
updated desired functionality that the candidate network devices are collectively capable of
implementing.

[0026] In some implementations, the network combination can be determined based at
fcast in part on an efficiency with which the candidate network devices in the network
combination can implement the desired functionality. For instance, the network combination
may be determined based at least in part on a speed with which the functionality can be
implemented, an amount of resources required to implement the functionality, and/or other

suitable metrics. As an example, if multiple combinations of devices can be configured to
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implement the desired functionality, the network combination can be the combination of
devices than can implement the desired functionality in the roost efficient roanner.

[0027] Once the network combination s determined, an ad hoc network can be created or
otherwise established. In alternative implementations, the network can be created or
otherwise established prior to determination of the network combination. For instance, the
network can be a wireless network. One or more invitations to join the network can be
provided to the at least a subset of candidate network devices of the network combination.
The at least a subset of candidate network devices can then be joined to the network to form
the modular cormputing entity. In some implementations, a candidate network device may
refuse to join the network. For instance, the candidate network device may provide a signal
indicative of a refusal to join the network. In such scenario, the refusing network device may
be removed from the network combination, and one or more additional candidate network
devices can be added to the network combination. The additional network devices may be
determined based at least in part on the capacity data of the additional network devices. One
or more invitations to join the network may be provided to the additional network devices.
[0028] In some implementations, a provision of resources by the candidate network
devices of the network combination may be negotiated. For instance, an amount of resources
that the candidate network device 15 willing to provide may be negotiated. As another
example, a cost of the provision of resources may be negotiated.  For instance, a particular
price can be offered to a candidate network device for provision of a set of resources. In
some implementations, the candidate network device can advertise a cost of resources. The
negotiation can result in an agreed upon cost or fee exchanged between devices for the
provision of resources by a device.

100291 With reference now to the figures, example aspects of the present disclosure will
be discussed in greater detail. Forinstance, FIG. 1 depicts a block diagram of an example
system 100 that includes a modular electronic device 102 participating in an ad hoc
combination of devices on a wireless network 106 according to example embodiments of the
present disclosure. For instance, the ad hoc combination can act as a modular entity in
performing one or more desired tasks or operations. The example modular electronic device
102 includes one or more electronic modules that can be removably coupled to the modular
electronic device 102, Each module of the modular electronic device 100 can include and
provide a particular set of capabilities based on its own respective on-board components,

including processing, memory storage, etc. A single representative example electronic
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module 104 is illustrated in FIG. 1 for the purposes of explanation. However, the modular
electronic device 102 can have any number of electronic modules. To particular, the number
of electronic modules included in the modular electronic device 102 can change over time as
modules are swapped in and out of the device 102,

(00301 According to aspects of the present disclosure, the modular electronic device 102
is capable of establishing and/or participating in a modular entity via an ad hoc combination
of modules and other devices that can sense each other, connect, and share functionality. For
example, the modular entity can include a plurality of modules that are each physically
coupled to the device 102, Alternatively or additionally to the physically coupled modules,
the modular entity can include one or more additional devices (e.g., devices 108 and 110) that
are cornmunicatively coupled to the modular electronic device 102 over one or more wireless
networks 106, The additional devices accessible over the network can include other modular
devices {e.g., device 108) and/or non-modular devices (e.g., device 110). Non-modular
device 110 can include a smartphone, a tablet computer, a faptop computer, a desktop
computer, a smart appliance, an embedded computing device, or other computing devices.
Devices can be user-controlled, autonomous, or some combination thereof.

[0031] The wireless network 106 can be one network {e.g., a Wi-Fi network) or a
combination of networks (e.g., a combination of a local area Wi-Fi network, a device-specific
personal area network, a piconet, a module-to-module mesh network, etc)). In particular,
modules can be capable of communicating with other modules using a wireless
communication interface such as RF communication, Near-Field Communication, Bluetooth,
Wi-Fi, other wireless communication protocols, or some combination thereot. Thus, modules
can be combined logically to perform tasks without a physical connection between the
modules. The modular electronic device 102 can be further capable of communicating with
one or more physically remote devices 114 (e.g., a server computing device) over a wide area
network 112 (e.g., the Internet).

(00321 Additional computing devices can enter and depart the ad hoc combination and/or
the modular entity over time. Further, different modules can be owned by different entities in
an environment. For example, modules can be part of multiple devices that belong to the
same user or to different users. As an example, in a conference room, the video-conference
systern can offer 1ts modules to users within the room.

[0033] In one particular example, a user of the modular electronic device 102 can visit a

coffee shop. Additional devices (e.g., devices 108 and 110) can also be located in the coffee
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shop. For example, the additional devices can include other customers’ smartphones, other
customers’ laptops, a transaction processing device {e.g., “cash register”), or any other
computing devices located within the coffee shop or otherwise within range to engage in
communications. Thus, as custormers enter and leave the coffee shop, their respective devices
can join and depart the ad hoc combination of devices available over the network 106,
Likewise, as the user of the modular electronic device 102 leaves the cottee shop and visits
other locations {e.g., a transit station}, the modular electronic device 102 can be exposed to
many ditferent devices that are respectively located at such other locations {e. g, the transit
station}.

00341 According to aspects of the present disclosure, each module of the device 100 can
provide or enable different functionality based on its connection in different device
environments. Similarly, if other modular electronic devices (e.g., modular device 108} are
communicatively connected over a network, the rnodules of such devices can each provide or
enable thetr own respective functionalities. Likewise, non-modular devices can provide or
enable different functionalities as well.

[0035] As an example, the module 104 of the modular device 102 can perform particular
tasks when connected to the device 102, For example, the example module 104 can provide
processing functionality, memory storage functionality, or other specific functions based on
its particular hardware and/or software.

[0036] Further, each module can be removed from the modular device 102 and connected
in a different environment to perform different tasks. For example, the module 104 can
perform particular tasks if'1t 18 connected to a different device, or it can be a module in a
connected network of modules that can create an ad hoc higher level functionality.

100371 The tasks to be performed by a module or modular entity can be defined in
various ways. In some instances, a user can indicate particular tasks. For example, a user
can specify particular tasks to perform using available capabilities of the module and other
connected modules/devices. For instance, a user may indicate or specity a particular task to
be performed through interaction with a user interface associated with a module or
combination of modules. In some cases, the module 104 or modular device 102 can output
(e.g., display) to the user the capabilities it and other connected modules have available.
[0038] In one example, the module 104 of the modular device 102 can be a cellular
communication module. The cellular communication module can offer to provide cellular

communication capability to a different device (e.g., device 110) that can lack such
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capability. In anocther example, if the modular device 102 has a low battery capacity, it can
offload a power-intensive task to ancther device {e.g., device 110},

[0039] In yet further examples, a local or remote server (e.g., device 114) can offer its
functionality to devices in a modular manner. For example, a server with high processing
capacity can be accessed and used by the module 104 or modular device 102 to carry out
processor-intensive tasks.

[0040] To enable the ad-hoc combinations described above, modules can be enabled to:
discover each other’s presence and avatlability; advertise their own availability, capabilities,
and price; negotiate use of other modules’ resources; 1dentify tasks that can be suitable for a
current environment that includes certain modules; and/or partition tasks such that parts of
the task can be performed by the different modules to complete the task.

[0041] As indicated above, in some implementations, a modular device or other
computing device can determine and/or facilitate creation of a modular entity. For instance,
FIG. 2 depicts an example system 200 for determining a network configuration of devices
according to example embodiments of the present disclosure. As shown, system 200 includes
an entity manager 202 and one or more candidate network devices 204, Entity manager 202
can be configured to detect candidate network device(s) 204 and to determine a network
combination based at least in part on capacity data associated with candidate network
device(s) 204.

[0042] In particular, entity manager 202 can be any suitable computing device configured
to manage or regulate a modular entity. For instance entity manager 202 can be a modular
computing device, such as a modular smartphone or other modular computing device capable
of interfacing with and implementing functionality from one or more modular components.
As another example, entity manager 202 can be a non-modular computing device, such as a
laptop, desktop, smariphone, wearable computing device, tablet, or other suitable computing
device. In some implementations, entity manager 202 can correspond to modular device 102
of FIG. 1.

00431 Candidate network device(s) 204 can include one or more modules or devices that
are capable of joining or otherwise coniributing functionality to a modular entity. In some
implementations, the candidate network device(s) 204 can correspond to module 104, remote
computing device 114, focal modular computing device 108, and/or local non-modular
computing device 110 of FIG. 1. For instance, candidate network device(s) 204 can include

modules or computing devices that are in communicative range of entity manager 202, and
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are available to join the modular entity associated with entity manager 202. Candidate
network device(s) 204 can broadcast or advertise capacity data associated with the respective
candidate network device(s) 204. In this manner, the presence and/or capacity data of
candidate network device(s) 204 can be sensed or otherwise detected by entity manager 202.
00441 As indicated above, the capacity data can indicate one or more capabilities and/or
available resources associated with the candidate network device. For instance, the capacity
data can include processing capabilities or resources, memory capabilities or resources,
power capabilities or resources, etc. In some implementations, the capacity data can include
various metrics indicative of an expected performance by the module in implementing some
functionality. For instance, such metrics can include bandwidth data, packet reception data,
fatency data, quality of service data, and/or other suitable data. Tn some implementations, the
available resources may include a total amount of available resources or an amount of
resources that the candidate network device 15 willing to provide.

00451 Entity manager 202 includes or can implement functionality associated with a
device sensor 206, a network manager 208, a task manager 210, and/or other suitable
functionality. Device sensor 206 can be configured to sense, detect or otherwise obtain data
indicative of candidate network device(s) 204. For instance, such data indicative of candidate
network device(s) 204 can include an indication of a presence of candidate network device(s)
204 and/or the capacity data associated with the respective candidate network devices. In
some implementations, device sensor 206 can broadcast a request for capacity data, such that
any candidate network device in range of the broadcasted request can respond.

[0046] Network manager 208 can be configured to determine a network combination of
modules or devices based at ieast in part on the received capacity data of candidate network
device(s) 204. For instance, network manager 208 can be configured to determine a
combination of modules or devices from candidate network device(s) 204 to perform some
desired functionality. In this manner, network manager 208 can select one or more candidate
network devices to join the network combination. As indicated above, the desired
functionality can be associated with one or more particular tasks or operations to be
performed, or the desired functionality can be a general functionality not associated with a
particular task or operation. In some implementations, the desired functionality can be
determined respounsive to a user interaction with entity manager 202 indicative of a request to

perform a task or operation.
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00471 In some implementations, network manager 208 can determine or obtain a set of
resources required to perform the desired functionality. For instance, the set of resources can
include processing rescurces, memory resources, power resources, /0 resources,
communication resources or other resources required to perform the desired functionality
Network manager 208 can then survey or analyze the received capacity data of candidate
network device(s) 204 to determine a network combination capable of performing the desired
functionality.

[0048] In some implementations, network manager 208 can determine a desired
functionality based at least in part on the capacity data received from candidate network
device(s) 204. For instance, the desired functionality can be determined based at least in part
on capabilities and/or resources that are available to the modular entity, such that some
combination of candidate network device(s) 204 and entity manager 202 are capable of
implementing the desired functionality. For instance, the desired functionality can be the best
general computing functionality capable of being implemented by candidate network
device(s) 204 and entity manager 202, In this manner, the network combination of devices
can include the combination of candidate network devices that provide the best general
computing tunctionality. In some implementations, the desired functionality can be adjusted
or modified based at least in part on the received capacity data. For instance, an initial
desired tunctionality can be adjusted based at least in part on the resources and/or capabilities
available to the modular entity. In this manner, the initial desired functionality can be
adjusted such that some combination of the candidate network device(s) 204 and the entity
manager 202 can implement the desired functionality.

00491 In some implementations, network manager 208 can be configured to determine
the network combination based at least in part on an expected efficiency with which the
network combination will implement the destred functionality. For instance, network
manager 208 can determine the network combination based at least in part on the
performance metrics associated with the received capacity data. Forinstance, in a scenario
wherein multiple ad hoc combinations of available devices are capable of implementing the
desired functionality, the expected efficiencies with which the functionality will be
implemented can be used to determine the network combination.

(00501 Network manager 208 can further be configured to establish a network, such as an
ad hoc wireless network, and to provide tnvitations to join the network to the candidate

network devices selected to the network combination. Network manager 208 can facilitate
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joining of the network by the selected network devices. 1In this manner, the modular entity
may be formed at least in part by one or more selected network devices joining the network.
In some implementations, one or more selected network devices may refuse to join the
network or otherwise be unable to join. In such implementations, network manager 208 may
select one or more additional candidate network devices to replace the non-joining devices,
and may provide invitations to join the network to the one or more additional candidate
network devices.

[0051] Entity manager 202 can further include a task manager 210. Task manager 210
can be configured to manage, allocate, or regulate one or more tasks or operations to be
performed by the modular entity. For instance, task manager 210 can be configured to
determine one or more tasks to be performed, allocate one or more tasks among the modular
entity, generate one or more subtasks to be performed in service of a global task, etc. For
instance, in sorne implementations, task manager 210 can be configured to determine one or
more computing tasks to be performed based at least in part on the capacity data received
from candidate network device(s) 204. In some implementations, task manager 210 can be
configured to determine the desired functionality, for instance, based at least in part on the
capacity data and/or on a user input indicative of a task to be performed.

0052 In this manner, task manager 210 can monttor currently available resources and
capabilities {e.g. capacity data) and can compare such currently available resources to
required resources associated with various tasks or operations. As an example, when the
resources required for performance of one or more tasks become available (e.g., as various
candidate network devices become available or unavailable), task manager 210 can identify
that the one or more tasks are capable of being performed by the currently available
TeSOUrces.

[0053] In some implementations, task manager 210 can determine a set of resources
required to implement a desired functionality or to perform a computing task, and can
provide the set of resources to network manager 206, In some implementations, task
manager 210 can be contigured to divide a global task into a plurality of subtasks, or
otherwise determine one or more subtasks to be performed in service of the global task. In
some implementations, the desired functionality and/or the resources required to implement

the desired functionality can be determined based at least in part on the various subtasks.

Ju—
(42



WO 2017/180191 PCT/US2016/063048

00547 Once the modular entity is formed, task manager 210 can allocate various tasks or
subtasks among the devices of the modular entity. For instance, the allocation can be
determined based at least in part on the capacity data of the modular entity devices.

[005S5] o some implementations, task manager 210 can performa the above described
process automatically. As an example, task manager 210 can continuously monitor resource
availability and autonomously manage task performance according to a set of guidelines. For
example, task manager 210 can determine appropriate tasks to perform for the available
capabilities based on predefined goals or preferences specified by a user, default operations,
or other settings or guidelines.

[0056] In other implementations, task manager 210 can recognize that one or more tasks
are capable of being performed and can notify a user of the device regarding such capability.
The user can select one of the performable tasks and task manager 210 can cause the task to
be performed (e.g., by instructing or otherwise cooperating with resource negotiator 255 to
negotiate use of the required resources). Thus, task manager 210 can notify the user of the
availability of resources and permit the user to choose a particular task to perform.

[0057] FIG. 3 depicts a flow diagram of an example method (300) of determining a
network configuration associated with a modular computing entity according to example
embodiments of the present disclosure. Method (300) can be implemented by one or more
computing devices, such as one or more of the computing devices depicted in FIG. 5. In
particular implementations, the method (300) can be implemented by the device sensor 200,
network manager 208, and/or task manager 210 depicted in FIG. 2. In addition, FIG. 3
depicts steps performed in a particular order for purposes of dlustration and discussion.
Those of ordinary skill in the art, using the disclosures provided herein, will understand that
the steps of any of the methods discussed herein can be adapted, rearranged, expanded,
omitted, or modified in various ways without deviating from the scope of the present
disclosure.

[0058] At (302}, method (300} can include identifying one or more computing tasks or
operations to be performed by a modular computing entity. As indicated, the modular entity
can include a plurality of devices or components configured to communicate and share
functionality via a physical connection and/or a wireless connection, such as using an ad hoc
wireless network. For instance, the modular entity can be established by an entity manager
configured to facilitate creation of the modular entity. The one or more computing tasks can

be user requested tasks, or can be determined based at least in part on computing resources or
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capabilities currently available. As indicated, in some implementations, the computing tasks
can be determined based at least in part on a prediction of computing resources or capabilities
that will become available at a future time.

00591 At (304), method (300) can include identifying a desired functionality to be
implemented by the modular computing entity. In some implementations, the desired
functionality can be determined based at least in part on the identified computing tasks or
operations. For instance, the desired functionality can be a functionality that allows for such
computing tasks to be performed. In some implementations, the desired functionality can be
associated with a general functionality, such a general computing functionality. In other
implementations, the desired functionality can be associated with a set of rules or guidelines,
for instance, as specified by a user. For instance, the rules or guidelines may dictate an
implementation of the best general computing functionality currently available. As another
example, the rules or guidelines may indicate one or more areas or categories of functionality
to be implemented, such as processor intensive functionality, power saving functionality,
video playback functionality, internet capable functionality, etc. In this manner, the desired
functionality can be determined tn accordance with such rules or guidelines.

[0060] At (306}, method (300} can include receiving capacity data associated with one or
more candidate network devices. The capacity data can be data broadcast or advertised by a
number of candidate network devices available to join the modular entity, for instance, via
communication over an ad hoc wireless network. In this manner, the capacity data can be
received from one or more candidate network devices in a broadcast range. The capacity data
can be indicative of one or more capabilities and/or available resources associated with the
broadcasting candidate network device(s).

[0061] As indicated above, in some implementations, the capacity data can be used to
identify one or more computing tasks and/or the desired functionality. For instance, the
computing tasks and/or desired functionality can be determined based at least in part on the
available resources or capabilities associated with the candidate network device(s). In this
manner, in such implementations, such computing tasks and/or desired functionality can be
determined or identified subsequent to reception of the capacity data.

[0062] At (308), method (300) can include determining a network combination to
implement the desired functionality based at feast in part on the received capacity data. For
instance, the network combination can include at least a subset of the candidate network

device(s). The network combination can be determined to form a modular entity capable of
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implementing the desired functionality. For instance, the network combination can include
the entity manager and oue or more candidate network devices collectively having sufficient
resources to implement the desired functionality. As indicated above, in some
implementations, the network combination can be determined based at least in part on an
expected efficiency with which the desired functionality will be implemented.

100631 FIG. 4 depicts a tlow diagram of an example method (400} of establishing a
modular entity according to example embodiments of the present disclosure. Method (400)
can be implemented by one or more computing devices, such as one or more of the
computing devices depicted in FIG. 5. In particular implementations, the method (400) can
be implemented by the device sensor 206, network manager 208, and/or task manager 210
depicted in FIG. 2. In addition, FIG. 4 depicts steps performed in a particular order for
purposes of illustration and discussion. Those of ordinary skiil in the art, using the
disclosures provided herein, will understand that the steps of any of the methods discussed
herein can be adapted, rearranged, expanded, omitted, or modified in various ways without
deviating from the scope of the present disclosure.

[0064] At (402), method (400) can include determining a set of resources to implement
the desired functionality. For instance, the set of resources can include processing resources,
memory resources, power resources, VO resources, communication resources, etc. In some
implementations, the set of resources can be determined without considering currently
available resources or capabilities. In other implementations, the set of resources can be
determined based at least in part on capacity data received from one or more candidate
network devices. For instance, the resources can be determined in accordance with available
resources and/or capabilities, such that a modular computing entity created using the
candidate network devices would be capable of implementing the desired functionality.
0065 At (404), method (400) can include selecting one or more candidate network
devices based at least in part on the set of resources. The candidate network devices can be
selected based at feast in part on the respective available resources and/or capabilities of the
candidate network devices. In this manner, the candidate network devices can be selected o
collectively implement the desired functionality. At (406), method (400) can include adding
the one or more selected candidate network devices to the network combination.

[0066] At (408), method (400) can include establishing a network, such as an ad hoc

wirgless network. The network can be used to facilitate creation of the modular computing
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entity. In some implementations, the network can be a wireless mesh network implemented
using various suitable networking technigues.

[0067] At (410), method (400) can include providing invitations to join the network to the
selected network devices. At (412), method (400) can include determining whether any of
the selected network devices cannot or will not join the established network. For instance, a
selected network device can be unable to join the network, or a selected network device can
decline the tnvitation and refuse to join the network. If there are one or more non-joining
devices, at (414), method (400) can include removing the non-joining devices from the
network combination. At (416), method (400) can include determining one or more
additional candidate network devices to add to the network combination. For instance, the
one or more additional devices can be candidate network devices that were not previously
selected to join the network. Such additional devices can be determined based at least in part
on their capacity data. At (418), method (400) can include providing an invitation to join the
network to the additional candidate network devices.

100681 Referring back to (412), if there are no non-joining devices, at (420}, method
{400} can include joining the selected network devices to the established network.

[0069] FIG. 5 depicts an example computing system 500 that can be used to implement
the methods and systems according to example aspects of the present disclosure. The system
500 can be implemented using other suitable architectures, such as a single computing
device.

[0070] The system 500 includes a computing device 510. The modular computing device
510 can be implemented using any suitable computing device(s). In some implementations,
computing device 510 can correspond to entity manager 202 of FIG. 2, or other computing
device. In some implementations, computing device 510 can be a non-modular computing
device. In other implementations, the computing device 510 can be a modular computing
device configured to receive one or more modules to add functionality to computing device
510. For instance, a first module may contribute processing resources to computing device
510, while a second module may contribute memory resources. In some implementations,
the cormputing device 510 can have one or more processors 512 and one or more memory
devices 514. The computing device 510 can also include a network interface used to
communicate with one or more modules or devices over a network. The network interface
can include any suitable components for interfacing with one more networks, including for

example, transmitters, receivers, ports, controllers, antennas, or other suitable components.
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FO071] As an example, in implementations, wherein computing device 510 is a modular
computing device, computing device 510 may act as a frame or skeleton to facilitate physical
connections between computing device 510 and one or more modules. In particular, the
frame may include a number of slots or bays into which one or more modules can be
removably received. The frame may serve as a backbone or endoskeleton to provide
structure and shape to the modular computing device.

[0072] The one or more processors 512 can include any suitable processing device, such
as a microprocessor, microcontrolier, integrated circuit, logic device, or other suitable
processing device. The one or more memory devices 514 can include oune or more computer-
readable media, including, but not limited to, non-transitory computer-readable media, RAM,
ROM, hard drives, flash drives, or other memory devices. The one or more memory devices
514 can store information accessible by the one or more processors 512, including computer-
readable instructions S16 that can be executed by the one or more processors S12. The
instructions 516 can be any set of instructions that when executed by the one or more
processors 512, cause the one or more processors 512 to perform operations. For instance,
the instructions 516 can be executed by the one or more processors S12 to perform operations
associated with a device sensor 206, a network manager 208, a task manager 210, or other
operations,

[0073] As shown in FIG. 5, the one or more memory devices 514 can also store data 518
that can be retrieved, manipulated, created, or stored by the one or more processors 512, The
data 518 can include, for instance, capacity data, functionality data, and other data. The data
518 can be stored 10 one or more databases. The one or more databases can be connected to
the modular computing device 510 by a high bandwidth LAN or WAN, or can also be
connected to modular computing device 510 through a network. The one or more databases
can be split up so that they are located in multiple locales.

[0074] The computing device 510 can exchange data with one or more candidate network
devices 530 over the network 540. In some implementations, one or more candidate network
devices 530 can be exchange data with computing device 510 through a physical connection.
Candidate network devices 530 can correspond to candidate network devices 204 of FIG. 2,
or other computing device. Candidate network devices 530 can include one or more modular
computing devices, modular components (e g. modules), and/or non-modular computing
devices. Although two candidate network devices 530 are tllustrated in FIG. 5, any number

of candidate network devices 530 can be connected to the computing device 510, Each of the
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candidate network devices 530 can include functionality that can be added to computing
device 510 when a connection 1s made between computing device 510 and the candidate
network device 530.

{00751 Simnilar to the computing device 510, a candidate network device 530 can include
one or more processor(s) 532 and/or a memory 534. The one or more processor{s) 532 can
include one or more central processing units {CPUSs), graphics processing units (GPUs)
dedicated to efficiently rendering images or performing other specialized calculations, and/or
other processing devices. The memory 534 can include one or more computer-readable
media and can store information accessible by the one or more processors 532, including
instructions 5306 that can be executed by the one or more processors 532 and data 538, For
instance, the memory 534 can store instructions 536 for implementing the systems and
methods disclosed herein.

[0076] The candidate network devices 530 of FIG. 5 can include various input/output
devices for providing and receiving information from a user, such as a touch screen, touch
pad, data entry keys, speakers, and/or a microphone suitable for voice recognition. For
instance, the candidate network devices 530 can have a display device S35 for presenting a
user interface according to example aspects of the present disclosure.

{00771 The candidate network devices 530 can also include a network interface used to
communicate with one or more remote computing devices {e.g. modular computing device
510) over a network. The network interface can include any suitable components for
interfacing with one more networks, including for example, transmitters, receivers, ports,
controllers, antennas, or other suitable components.

[0078] The network can be any type of communications network, such as a local area
network {e.g. intranet), wide area network (e g. Internet), cellular network, ad hoc wireless
network (e.g. mesh network) or some combination thereof. The network can also include a
direct connection hetween a candidate network device 530 and the computing device 510, In
general, communication between the computing device 510 and a candidate network device
530 can be carried via network interface using any type of wired and/or wireless connection,
using a variety of communication protocols (e.g. TCP/IP, HTTP, SMTP, FTP), encodings or
formats {e.g. HTML, XML), and/or protection schemes {e.g. VPN, secure HTTP, §SL}.
(00791 o some implementations, computing device 510 and/or candidate network
devices 530 can further include one or more connection devices 540 that can facilitate a

connection between modular computing device 510 and modular component 530, In various
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implementations, the connection device(s) 540 can facilitate a physical connection and/or a
wireless connection through direct wireless communication and/or communication over the
network. For instance, the connection device(s} 540 can include one or more latching
structures or other structures configured to secure a physical connection between devices. In
some implementations, computing device 510 can include at least one connection device
within each of a plurality of bays. As one example, the connection device within each bay
can include an.

[0080] As described above, in implementations wherein computing device 510 and/
candidate network device 530 are modular devices (e g. modular computing devices, modular
components, modules, etc.), the devices may include some combination of components
depicted in FIG. 5. For instance, 10 some implementations, computing device 510 and/or a
candidate network device 530 may include a memory device but not a processor. As another
example, computing device S10 and/or a candidate network device 530 may include a
processor but not a memory device. As vet another example, computing device 510 and/or a
candidate network device 530 may or may not include a display or other VO device. In this
manner, the computing device 510 and one or more candidate network devices 530 can be
joined to cooperatively operate as a single device by sharing resources to implement a desired
functionality.

[0081] The technology discussed herein makes reference to servers, databases, software
applications, and other computer-based systems, as well as actions taken and information sent
to and from such systems. One of ordinary skill in the art will recognize that the inherent
flexibility of computer-based systems allows for a great variety of possible configurations,
combinations, and divisions of tasks and functionality between and among components. For
instance, server processes discussed herein may be implemented using a single server or
multiple servers working in combination. Databases and applications may be implemented
on a single system or distributed across multiple systerms. Distributed components may
operate sequentially or in parallel.

00821 While the present subject matter has been described in detail with respect to
specific example embodiments thereof, it will be appreciated that those skilled in the art,
upon attaining an understanding of the foregoing may readily produce alterations to,
variations of, and equivalents to such embodiments. Accordingly, the scope of the present

disclosure is by way of example rather than by way of limitation, and the subject disclosure
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deoes not preclude inclusion of such modifications, variations and/or additions to the present

subject matter as would be readily appareunt to ove of ordinary skill 1o the art.
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WHAT IS CLAIMED I§:

I A computer-implemented method of determining a network configuration for a

modular computing entity, the method comprising:

identifying, by one or more computing devices, a desired functionality to be
implemented by a modular computing entity;

receiving, by the one or more computing devices, capacity data associated with
one or more candidate network devices that are avatlable to join a network associated with
the modular computing entity; and

determining, by the one or more computing devices, a network combination to
implement the desired functionality based at least in part on the received capacity data, the
network combination comprising at feast a subset of the candidate network devices.

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

establishing, by the one or more computing devices, the network associated with
the modular computing entity; and

providing, by the one or more computing devices, an invitation to join the
network to each of the candidate network devices in the network combination;

3. The computer-implemented method of claim 2, further comprising joining, by
the one or more computing devices, each candidate network device in the network
combination to the network to form the modular computing entity.

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

receiving, by the one or more computing devices, a refusal to join the network
from a candidate network device;

responstve 1o recetving the refusal to join the network, determining, by the one
or more computing devices, one or more additional candidate network devices to add to the
network combination based at least in part on the received capacity data; and

providing, by the one or more computing devices, an invitation to join the
network to the one or more additional candidate network devices.

5. The computer-implemented method of any preceding claim, wherein the
capacity data comprises at [east one of one or more capabilities of the one or more candidate
network devices or one or more available resources of the one or more candidate network

devices,
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6. The computer-implemented method of claim 5, wherein the one or more
available resources comprise a set of computing resources that each candidate network device
is willing to provide.

7. The computer-implernented roethod of any preceding claim, wherein
determining, by the one or more computing devices, a network combination to implement the
desired functionality comprises:

determining, by the one or more computing devices, a set of resources required
to implement the desired functionality; and

selecting, by the one or more computing devices, one or more candidate network
devices based at least in part on the set of resources required to perform the one or more
identified computing tasks and the received capacity data.

8. The computer-implemented method of any preceding claim, wherein identifying,
by one or more computing devices, a desired functionality of a modular computing entity
comprises identifying, by one or more computing devices, one or more computing tasks to be
performed by the modular computing entity; and

wherein the desired functionality 1s functionality associated with the one or more
computing tasks.

9. The computer-implemented method of claim 8, further comprising receiving, by
the one or more computing devices, a user input indicative of a request to perform a task; and

wherein identitying, by one or more computing devices, oue or more computing
tasks to be performed by the modular computing entity comprises identifying the one or more
computing tasks to be performed by the modular computing entity based at least in part on
the user input.

10, The computer-implemented method of claim 8, wherein identifying, by one or
more computing devices, one or more computing tasks to be performed comprises identifying
a general task to be performed and determining one or more subtasks to be performed to
achieve the general task.

11.  The computer-implemented method of any preceding claim further comprising
providing, by the one or more computing devices, a request for capacity data to each
candidate network device; and

wherein the capacity data is provided to the one or more computing devices in

response to the request for capacity data.
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12, The computer-implemented method of any preceding claim, wherein the
network 1s an ad hoc wireless network associated with the modular computing entity.

13, The computer-implemented method of any preceding claim, further comprising
negotiating, by the one or more computing devices, a provision of resources by each
candidate network device in the network combination.

4. The computer-implemented method of any preceding claim, wherein at least one
network device is 3 modular device configured to contribute functionality to the modular
computing entity via network communication.

15, A computing system, comprising:

one or more processors; and

one or more memory devices, the one or more memory devices storing
computer-readable instructions that when executed by the one or more processors cause the
one or more processors to perform operations, the operations comprising:

identifying a desired functionality to be implemented by a modular computing

entity;

receiving capactty data associated with one or more candidate network devices
that are available to join a network associated with the modular computing entity; and

determining a network combination to implement the desired functionality based
at least in part on the received capacity data, the network combination comprising at least a
subset of the candidate network devices.

16.  The computing system of claim 15, the operations further comprising:
establishing the network associated with the roodular computing entity; and
providing an invitation 1o join the network to each of the candidate network

devices in the network combination;

17.  The computing system of claim 16, the operations further comprising:
recetving a refusal to join the network tfrom a candidate network device;
responsive o receiving the refusal to join the network, determining one or more

additional candidate network devices to add to the network combination based at least in part
on the received capacity data; and
providing an invitation to join the network to the one or more additional

candidate network devices.
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18, One or more tangible, non-transitory computer-readable media storing computer-
readable instructions that when executed by one or more processors cause the one or more
processors to perform operations, the operations comprising:

wdentifying a desired functionality to be implemented by a modular computing
entity;

receiving capacity data associated with one or more candidate network devices
that are available to join a network assoctated with the modular computing entity; and

determining a network combination to implement the desired functionality based
at least in part on the received capacity data, the network combination comprising at least a
subset of the candidate network devices.

19, The one or more tangible, non-transitory computer-readable media of claim 18,
the operations further comprising:

determining a set of resources requited to implement the desired functionality;
and

selecting one or more candidate network devices based at least in part on the set
of resources required to perform the one or more identified computing tasks and the received

capacity data.

[\

0. The one or more tangible, non-transitory computer-readable media of claim 17
or 18, wherein identifying, by one or more computing devices, a desired functionality of a
modular computing entity comprises identifying, by one or more computing devices, one or
more computing tasks to be performed by the modular computing entity; and

wherein the desired functionality 1s functionality associated with the one or more

computing tasks.



WO 2017/180191
1/4
W, |
160
B |
A ™.
’ L N
AN
Eomy
TR o M;\ S
,‘:«» ™ 104
‘\,\ o
5 :\;\“.. v
i
£ ;’ 152

202

Renwie Gomputing
Tawvice

FIG. 1

Entity Manager

206~

Deavice Sensor

208~

Network Manager /

2104

Task Manager

PCT/US2016/063048

.Eu-\m\ N ‘.v’:
P — 5
¥ 5
i N
i Y
B N
by
H hY
J N\
5
N N
.-': "\_\
4 B ‘3 kY
¥ iy \
{.oval Magdutar Loalh Non-Modiser

Gompetiag Devios

204

Sosnputing Devios

200

FIG. 2

Candidate Natwork
Device(s)




WO 2017/180191 PCT/US2016/063048

214

300

identifying one or more computing fasks
to be performed by a modular compuling| 302
entity

A

Identifying a desired funclionality to be
implemented by the modular computing | 304
entity

Receiving capacily data associated with

one or more candidate network devices 306
A
Determining a network combination to
implement the desired funclionality 308

based at least in part on the capacity
data

FIG. 3



WO 2017/180191

374

400

PCT/US2016/063048

Determining a set of resources to
implement the desired functionality

402

Selecting one or more candidate
network devices based at least in part | 404
on the set of rescurces

Adding the one or more selected
candidate network devices to the 408
network combination

Establishing a network associated with
the modutar computing entity

408

Providing invitations to join the network
to the selected network devices

410

No

Joining the selected network devices of
the network combination {o the network

FIG.

420

4

MNon-Joining
devices?

Yes
412

Remaoving the non-joining
device(s) from the network
combination

Determining one or more
additional candidate network
devices to add o the network

combination

Providing an invitation to join the

414

416

418

network to the additional
candidate network devices




PCT/US2016/063048

WO 2017/180191

414

SOIAS(] MOMIBN SIBDIDURD

0gs
20IAB(] UOHOBULCT
ovs” |
Bl Auoeden -
- BlRC
e
8es
- SUOHONUISU
@mm\ Ricwiain
veg”” > (8)408$800Id
P

4%

B9IASCT WIOMIBN BIEDIDURD)

0es

§ 'Sl

00g

BIAB(C] UOIDBUUOD N

elR(] AljRuciound -
g Ajoede -
gjeiid

Jabeuriy yse | ||

[

JobeuBpy YIOMIBN

g

[~ 8Lg

oLz

JOSUBS 80IAS( 11

SUCHONASU|

80¢

— 90¢

AoUlan

{s)i0ss800id M

soias(] Bunndwion

916
e

A

0ig



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/063048

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4L12/24 HO4W24 /02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOAL HOAW

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

7 August 2014 (2014-08-07)
abstract

paragraph [0057]
claims 1-3, 14, 20-24
figures 1-5

abstract
paragraph [0022]

claims 1, 15, 17
figures 1, 6-10

X US 2014/222941 Al (TABONE RYAN [US] ET AL)

paragraph [0001] - paragraph [0005]
paragraph [0015] - paragraph [0047]

X US 2012/254965 Al (PARKER LANSING ARTHUR
[US]) 4 October 2012 (2012-10-04)

paragraph [0002] - paragraph [0008]

paragraph [0031] - paragraph [0037]
paragraph [0044] - paragraph [0087]

1-20

1-20

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

1 February 2017

Date of mailing of the international search report

08/02/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Schrembs, Gerd

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/063048

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

AL) 15 May 2014 (2014-05-15)
abstract

paragraph [0004] - paragraph [0005]
paragraph [0021] - paragraph [0076]
claims 1, 9-20

figures 1-6

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2006/150244 Al (KLEIN ADAM LEE [US] ET 1-20
AL) 6 July 2006 (2006-07-06)
abstract
paragraph [0001] - paragraph [0004]
paragraph [0008] - paragraph [0021]
claims 1-2, 13-14, 17-18
figures 1-3
A US 2014/133407 Al (HASSAN AMER A [US] ET 1-20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/063048
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014222941 Al 07-08-2014 AU 2014215584 Al 13-08-2015
CA 2900320 Al 14-08-2014
CN 105027525 A 04-11-2015
EP 2954652 Al 16-12-2015
KR 20150116875 A 16-10-2015
US 2014222941 Al 07-08-2014
WO 2014123820 Al 14-08-2014
US 2012254965 Al 04-10-2012  NONE
US 2006150244 Al 06-07-2006 US 2006150244 Al 06-07-2006
WO 2006073751 A2 13-07-2006
US 2014133407 Al 15-05-2014 CN 104969143 A 07-10-2015
EP 2917808 A2 16-09-2015
JP 2016506098 A 25-02-2016
KR 20150085001 A 22-07-2015
US 2014133407 Al 15-05-2014
WO 2014075049 A2 15-05-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

