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SHARED PERIPHERAL DEVICES

BACKGROUND

[0001] Computing devices and other electronics have become ubiquitous
in modern life. An increasing number of electronic devices such as televisions,
virtual assistant devices, and mobile computing devices, among others, are
implementing or are made capable of implementing certain peripheral devices.
These peripheral devices may include mice, keyboards, external data storage

devices, and extended display devices among other types of peripheral devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The accompanying drawings illustrate various examples of the
principles described herein and are part of the specification. The illustrated
examples are given merely for illustration, and do not limit the scope of the
claims.

[0003] Fig. 1 is a block diagram of a peripheral device of a computing
device according to an example of the principles described herein.

[0004] Fig. 2 is a block diagram of a computing system according to an
example of the principles described herein.

[0005] Fig. 3 is a flowchart showing a method of sharing a peripheral
device of a computing device according to an example of the principles
described herein.

[0006] Throughout the drawings, identical reference numbers designate
similar, but not necessarily identical, elements. The figures are not necessarily

to scale, and the size of some parts may be exaggerated to more clearly
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illustrate the example shown. Moreover, the drawings provide examples and/or
implementations consistent with the description; however, the description is not

limited to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION

[0007] Computing devices may include a number of peripheral devices
that allow a user to interact with the computing device. In some examples,
these peripheral devices may be wirelessly and communicatively coupled to the
computing device. This wireless communication between the computing device
and the peripheral devices may be accomplished using a wireless technology
such as Bluetooth ® developed by the Bluetooth Special Interest Group. Other
types of wireless communication protocols may be made, however, for sake of
simplicity in description, the Bluetooth protocol will be used as an example in the
present specification. However, the present specification contemplates the use
of these other types of wireless communication protocols.

[0008] The wireless coupling of the peripheral devices to the computing
device may be accomplished by broadcasting a communication request from
the computing device and allowing the peripheral device to be coupled to the
computing device via, for example, a user selecting an option to allow the
peripheral device to be communicatively coupled to the computing device. After
being coupled, the peripheral device may interact with drivers executed by a
processor of the computing device in order to add functionality to the computing
device or otherwise provide ease of interaction with the computing device.
[0009] However, once connected (the term “paired” may be used in
relation to using Bluetooth) the peripheral device remains connected to the
computing device until the connection is deliberately severed. When the
peripheral device is “unpaired” or disconnected with the computing device, it
may be used with other devices that also have the capability of and executable
program code to pair the peripheral device to itself. This process, however,
eliminates the previous computing device’s ability to, again, pair with the

peripheral device. When the peripheral device is unpaired with the second
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computing device, the previous computing device pair the peripheral device to
itself again. This process of pairing and unpairing the peripheral device to one
of a multiplicity of computing devices may involve user interactions comprising a
multiplicity of sub-processes.

[0010] The present specification describes a peripheral device and
method of rendering a peripheral device independent from a computing device.
This may be in contrast to computing systems where computing devices present
tightly coupled hardware connections to their peripheral devices. The peripheral
device described herein may, therefore, enhance a user's experience by making
use of a sharing module in a peripheral device that, when executed by a
processor, provides for a peripheral device to be shared with external computing
devices through selective decoupling of these devices from the computing
device. Such sharing of peripheral devices by a computing device allow for a
compartmentalized, but coherent, exposure of the many peripheral devices of a,
so far, monolithic computing device, to be exposed as independent, but
connectable entities to other computing devices thereby adding new features
and enhancing user experience with the computing devices involved.

[0011] The present specification describes a peripheral device of a
computing device that includes a processor; a sharing module to, upon
execution of the processor, allow the peripheral device to be shared with an
external computing device over a network; and a communication module to,
upon execution of the processor: provide data from the peripheral device to a
peripheral device hub module of a computing device; and provide
communication by the peripheral device with the external computing device
[0012] The present specification also describes a computing system, that
includes a processor; and a peripheral device, that includes a peripheral device
processor; and a sharing module to, upon execution of the peripheral device
processor, allow the peripheral device to transfer data over a network; and a
peripheral communication module for communication by the peripheral device
with an external computing device; and a network adapter for commination
between the peripheral device and a peripheral device hub module of the

computing device.
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[0013] The present specification further describes a method of sharing a
peripheral device of a computing device, including, with a processor of the
peripheral device: executing a sharing module to allow the peripheral device to
transfer data over a network to an external computing device; and transferring
data to the computing device indicating the sharing status of the peripheral
device with an external computing device.

[0014] Turning now to the figures, Fig. 1 is a block diagram of a
peripheral device (100) of a computing device according to an example of the
principles described herein. The peripheral device (100) may be any device that
provides input to and/or receives output from a processor of a computing
device. Additionally, the peripheral device (100) may be either physically
distinct from, for example, a computing device or formed within a housing of the
computing device. Consequently, the present specification contemplates that,
in some examples, a peripheral device (100) includes a web cam, a keyboard,
and an internal memory device, among others peripheral devices that are
physically formed within a housing of a computing device.

[0015] The peripheral device (100) may include a processor (105). The
processor (105) may access and execute any computer readable program code
as described herein. By way of example, the processor (105) may execute a
sharing module (110) to allow the peripheral device (100) to be shared over a
network to an external computing device and transfer data to the computing
device indicating the sharing status of the peripheral device with an external
computing device as described herein. In an example, the processor (105) of
the peripheral device (100) may share in the execution of computer readable
program code with other processing devices such as a processor associated
with a computing device the peripheral device (100) is or will provide input to or
receive output from as described herein.

[0016] As mentioned herein, the peripheral device (100) may include a
sharing module (110). The sharing module (110) may, in an example, include
executable program code that may be executed by the processor (105) of the
peripheral device (100). In an example, the sharing module (110) may be an

application specific integrated circuit (ASIC) that, when accessed by the
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processor (105), performs the functions described herein. Whether the sharing
module (110) is in the form of computer readable program code or physically as
an ASIC, the sharing module (110) may allow the peripheral device (100) to be
shared with an external computing device over a network. This sharing of the
peripheral device (100) may include a number of processes that allows input
from the peripheral device (100) and/or output to the peripheral device (100) to
be directed to or received from an external computing device. As such, in an
example, the peripheral device (100) may be computer readable program code
that, when executed by the processor (105), overrides control of the peripheral
device (100) from the computing device and allows the processor (105) of the
peripheral device (100) to communicatively couple the peripheral device (100) to
an external computing device. In some examples, the computer readable
program code may instruct a processor of the computing device to switch the
peripheral device (100) from a user mode to a supervisor mode thereby allowing
the sharing of the peripheral device (100) with an external computing device. In
an example, the peripheral device (100) may indicate to the processor of the
computing device that the peripheral device (100) is still present but that
information will, at least temporarily, not be received from the peripheral device
(100). Other processes may be implemented to provide the processor (105) of
the peripheral device (100) with the control parameters to initiate communication
with an external computing device. The present specification contemplates
these other processes.

[0017] During a sharing process, the processor (105) of the peripheral
device (100) may provide data to a processor of a computing device indicating
that the peripheral device (100) is currently providing input to and/or receiving
output from an external computing device. This data may include any signals to
the processor of the computing device to disconnect the peripheral device (100)
from communication with the computing device as described herein. In this
example, the disconnection of the communication between the peripheral
device (100) may be accompanied with information regarding an external
computing device the peripheral device (100) is being communicatively coupled

to.
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[0018] In the example where the peripheral device (100) is
communicatively coupled to the computing device via a Bluetooth® wireless
communication protocol, the sharing module (110) of the peripheral device (100)
may send signals to the processor of the computing device indicating that the
peripheral device (100) is no longer going to be receiving output from and/or
sending input to the computing device. This may be referred to as the
peripheral device (100) being “disconnected” from the computing device.
However, in this example, the disconnected peripheral device (100) may still be
detectable by the computing device as its peripheral device (100). In any
example presented herein, the peripheral device (100) may provide, via the
sharing module (110), data descriptive of the transmission and receipt of data,
data descriptive of the peripheral device (100), link addresses associated with
the peripheral device (100), authentication data to disconnect and/or reconnect
the peripheral device (100) with the computing device or external computing
device, and negotiation data descriptive of a connection establishment between
the peripheral device (100) and the computing device or external computing
device, among other data. In a specific example, the peripheral device (100)
may provide data to a processor of a computing device indicating which among
the computing device or any other external computing device the peripheral
device (100) is communicating with as well as a descriptor of the external
computing device. In some examples, the peripheral device (100) may
continually provided data, via the sharing module (110), to a processor of a
computing device descriptive of what external computing device the peripheral
device (100) is currently connected to and in communication with.

[0019] In the example where the peripheral device (100) is physically
placed within a housing of a computing device, the sharing module (110) of the
peripheral device (100) may include any number of wired connections that
provide communication between the processor (105) of the peripheral device
(100) and the processor of the computing device. As described herein, the
processor (105) may execute computer readable program code that overrides
the computing device’s control of the peripheral device (100) allowing the

peripheral device (100) to operate independently of the computing device.
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[0020] The peripheral device (100) may include a communication module
(115). The communication module (115) may allow communication of the
peripheral device (100) to other devices including the computing device and any
external computing device. The type of communication and, in turn, the type of
data provided to these devices by the peripheral device (100) via the
communication module (115) may vary based on the type of device. |n an
example, the communication module (115) may provide data from the peripheral
device (100) to a peripheral device hub module executed by a processor of the
computing device. The peripheral device hub module may receive the data
from the communication module (115) of the peripheral device (100) that
describes the sharing status of the peripheral device (100) with external
computing devices. In this example, the peripheral device hub module may
execute computer program code that presents to a user, visually, the status of
the peripheral device (100) or other peripheral devices (100) being shared. The
visual status, in an example, may include an image presented on a display
device of the computing device. In an example, the visual status may include a
light-emitting diode (LED) present on a hard key used to share the peripheral
device (100) with an external computing device. The LED may provide a visual
indication to the user of the shared or sharing states of the peripheral device
(100) by illumination of the LED. color of the LED, flashing of the LED or
combinations thereof.

[0021] In an example, the peripheral device (100) may operate
independently of the processor of the computing device when communicatively
coupled to an external computing device. Consequently, the communication
module (115) of the peripheral device (100) may provide for any output to the
external computing device or receive any input from the external computing
device. In order to accomplish this, the communication module (115) may
encapsulate any input data for transmission to the external computing device.
In this example, the encapsulation of the output data from the peripheral device
(100) by the communication module (115) may include adding headers to each
key output from the peripheral device (100) to the external computing device. In

an example, the peripheral device (100) may include an encapsulation module
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[0022] In an example, when the peripheral device (100) has initiated
communication with the external computing device, the processor of the
computing device may operate at a low power state. The low power state may
reduce the heat and power consumption of the computing device while its
resource, the peripheral device (100), is interacting with another external
computing device.

[0023] Fig. 2 is a block diagram of a computing system (200) according to
an example of the principles described herein. The computing system (200)
may include a processor (205). The processor (205) may communicate, either
wirelessly or via a wired connection, with a peripheral device processor (230).
Communication between the processor (205) and the peripheral device
processor (230) of a peripheral device (210) may include, apart from input from
and output to the peripheral device (210), data descriptive of a sharing status of
the peripheral device (210) with an external computing device; and data
descriptive of an external computing device the peripheral device (210) is in
communication with; among other types of data described herein. With this
information, the processor (205) may provide, via a graphical user interface,
details regarding the sharing status of the peripheral device processor (230).
[0024] During operation, the processor (205) may further receive from the
peripheral device processor (215) of the peripheral device (210) signals
indicating that the peripheral device (210) is to be shared with an external
computing device. This signal may be processed by the processor (205) of the
computing system (200) that changes the peripheral device (210) into an
independent peripheral device that has authorization to communicatively couple
to an external computing device. In an example, the peripheral device
processor (215) may request that the peripheral device (210) be granted
supervisory access to allow the peripheral device (210) to control which
computing device to provide output to or receive input from.

[0025] The peripheral device (210) may further include a sharing module
(220) and a peripheral communication module (225). As described herein, the
sharing module (220) may upon execution of the peripheral device processor

(215), allow the peripheral device (210) to be shared with an external computing
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device over a network. The peripheral communication module (225) may
provide data from the peripheral device (210) and the peripheral device hub
module (230) of the computing system (200) and provide communication by the
peripheral device (210) with the external computing device.

[0026] The computing system (200) may be any type of computing device
including servers, desktop computers, laptop computers, personal digital
assistants (PDAs), mobile devices, smartphones, gaming systems, and tablets,
among other computing devices. The computing system (200) may be utilized
in any data processing scenario including, stand-alone hardware, mobile
applications, through a computing network, or combinations thereof. Further,
the computing system (200) may be used in a computing network, a public
cloud network, a private cloud network, a hybrid cloud network, other forms of
networks, or combinations thereof.

[0027] In an example, the computing system (200) may include various
hardware components. Among these hardware components may be a number
of processors (205), a number of data storage devices, a number of peripheral
device adapters for each peripheral device (210), and a number of network
adapters. These hardware components may be interconnected through the use
of a number of busses and/or network connections. In one example, the
processor (205), data storage device, peripheral device adapters, and network
adapter may be communicatively coupled via a bus.

[0028] The processor (205) may include the hardware architecture to
retrieve executable code from the data storage device and execute the
executable code. The executable code may, when executed by the processor
(205), cause the processor (205) to implement at least the functionality of
executing a sharing module to allow the peripheral device (210) to be shared
over a network to an external computing device and transferring data to the
computing system (200) indicating the sharing status of the peripheral device
with an external computing device, according to the methods of the present
specification described herein. In the course of executing code, the processor
(205) may receive input from and provide output to a number of the remaining

hardware units.
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[0029] The data storage device may store data such as executable
program code that is executed by the processor (205) or other processing
device. The data storage device may specifically store computer code
representing a number of applications that the processor (205) executes to
implement at least the functionality described herein. The data storage device
may include various types of memory modules, including volatile and nonvolatile
memory. For example, the data storage device of the present example includes
Random Access Memory (RAM), Read Only Memory (ROM), and Hard Disk
Drive (HDD) memory. Many other types of memory may also be utilized, and
the present specification contemplates the use of many varying type(s) of
memory in the data storage device as may suit a particular application of the
principles described herein. In certain examples, different types of memory in
the data storage device may be used for different data storage needs. For
example, in certain examples the processor may boot from Read Only Memory
(ROM), maintain nonvolatile storage in the Hard Disk Drive (HDD) memory, and
execute program code stored in Random Access Memory (RAM).

[0030] The data storage device may comprise a computer readable
medium, a computer readable storage medium, or a non-transitory computer
readable medium, among others. For example, the data storage device may
be, but not limited to, an electronic, magnetic, optical, electromagnetic, infrared,
or semiconductor system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples of the computer readable storage
medium may include, for example, the following: an electrical connection having
a number of wires, a portable computer diskette, a hard disk, a random-access
memory (RAM), a read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic storage device, or
any suitable combination of the foregoing. In the context of this document, a
computer readable storage medium may be any tangible medium that can
contain, or store computer usable program code for use by or in connection with
an instruction execution system, apparatus, or device. In another example, a

computer readable storage medium may be any non-transitory medium that can
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contain, or store a program for use by or in connection with an instruction
execution system, apparatus, or device.

[0031] The remaining hardware adapters in the computing system (200)
enable the processor (205) to interface with various other hardware elements,
external and internal to the computing system (200). For example, the
peripheral device adapters may provide an interface to input/output devices,
such as, for example, display device, a mouse, a keyboard, and an internal data
storage device, among others. The peripheral device adapters may also
provide access to other external devices such as an external storage device, a
number of network devices such as, for example, servers, switches, and
routers, client devices, other types of computing devices, and combinations
thereof.

[0032] The display device may be provided to allow a user of the
computing system (200) to interact with and implement the functionality of the
computing system (200). The peripheral device adapters may also create an
interface between the processor (205) and the display device, a printer, or other
media output devices as peripheral devices (210). The network adapter may
provide an interface to other computing devices within, for example, a network,
thereby enabling the transmission of data between the computing system (200)
and other devices located within the network. The display device may also
provide, as described herein, information to a user a status of the shared state
of the peripheral device (210). In this example, a user may access a desktop
icon, a status bar or other type of tool to determine such as status.

[0033] Fig. 3 is a flowchart showing a method (300) of sharing a
peripheral device (210) of a computing device according to an example of the
principles described herein. The method (300) may include, with a processor
(230) of a peripheral device (210), executing (305) a sharing module (220) to
allow the peripheral device (210) to be shared over a network to an external
computing device. As described herein, the sharing module (220) may send
any number of signals and data to a processor (205) of the computing device so
as to grant the peripheral device (210) with the ability to share its resources with

the external computing device.
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[0034] The method (300) may continue with, with the processor (205) of
the peripheral device (210), transferring (310) data to the computing device
indicating the sharing status of the peripheral device (210) with an external
computing device. This data may include information about the type and name
of the external computing device. This specific data may be used by the
computing device to produce, on a graphical user interface, the sharing status
of the peripheral device (210) to the user.

[0035] In any example, the processor (230) of the peripheral device (210)
may provide signals to the processor (205) of the computing system (200)
indicating that the peripheral device (210) is to be providing data to the
computing system (200) or otherwise is to be reassociated with the computing
system (200) again. In any example, the association of the peripheral device
(210) with an external computing device and the reassociation of the peripheral
device (210) with the computing system (200) may completed any number of
times so that a user may interact with multiple computing devices with the
peripheral devices.

[0036] Aspects of the present system and method are described herein
with reference to flowchart illustrations and/or block diagrams of methods,
apparatus (systems) and computer program products according to examples of
the principles described herein. Each block of the flowchart illustrations and
block diagrams, and combinations of blocks in the flowchart illustrations and
block diagrams, may be implemented by computer usable program code. The
computer usable program code may be provided to a processor of a general-
purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the computer usable
program code, when executed via, for example, the processor (205) of the
computing system (200) or other programmable data processing apparatus,
implement the functions or acts specified in the flowchart and/or block diagram
block or blocks. In one example, the computer usable program code may be
embodied within a computer readable storage medium; the computer readable

storage medium being part of the computer program product. In one example,
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the computer readable storage medium is a non-transitory computer readable
medium.

[0037] In a specific example, via implementation of the method (300)
described herein, if a first device is sharing its screen with the computing device,
the microphone audio, keyboard and mouse from of the computing device can
be automatically directed to the first device. This allows a user to control the
first device remotely by voice and with the first device’s display device in an off
state. The mouse focus may also be based on mouse coordinates relative to
different devices and may indicate the keyboard focus or destination of the
microphone’s audio. Indeed, any arrangement of any of the resources (i.e.,
peripheral devices) of the computing device may be used to interact with any
number of other external computing devices providing a myriad of input and
output options for the user.

[0038] The specification and figures describe a system and method for
sharing peripheral devices of a computing device with other external computing
devices. Television devices, game consoles, computing devices, mobile
computing devices, and many other devices implement protocols allowing
peripheral devices to control them and provide content and/or data. These
peripheral devices such as wireless keyboards and mice, video casting
protocols, wireless microphones, headsets, among others. The present
methods, however, allows a compartmentalized, but coherent, exposure of the
many peripheral devices of a, so far, monolithic computing device, to be
exposed as independent, but connected to the computing device. This adds
new features and functionality to the peripheral devices and external computing
devices thereby enhancing a user experience with these devices. Since the
peripheral devices continue to be connected in the computing device, a
centralized, secure and efficient management of these connections can also be
implemented. Additionally, the computing device may provide a user with real-
time information as to if and with what external computing device the peripheral
device is communicating with. Knowing this information allows a user to
continue interacting, via the peripheral device, with the external computing

device or reassociate the peripheral device with the computing device.
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[0039] The preceding description has been presented to illustrate and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles to any precise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT IS CLAIMED IS:

1. A peripheral device of a computing device, comprising:

a processor;

a sharing module to, upon execution of the processor, allow the
peripheral device to be shared with an external computing device over a
network; and

a communication module to, upon execution of the processor:

provide data from the peripheral device to a peripheral device hub
module of a computing device; and

provide communication by the peripheral device with the external
computing device.

2. The peripheral device of claim 1, wherein the peripheral device is

physically within a housing of the computing device.

3. The peripheral device of claim 1, wherein the peripheral device
communicates with the peripheral device hub module to provide information
descriptive of which of the computing device and external computing device the

peripheral device is communicatively coupled to.

4, The peripheral device of claim 1, wherein the peripheral device operates
independently of a processor of the computing device allowing the peripheral
device to be selectively communicatively coupled to the external computing

device.
5. The peripheral device of claim 4, wherein the processor of the computing

device operates at a low power state when the peripheral device to be

selectively communicatively coupled to the external computing device.
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6. The peripheral device of claim 1, wherein the peripheral device is
associated with a light-emitting diode (LED) to indicate a sharing state of the

peripheral device with the external computing device.

7. The peripheral device of claim 6, wherein the LED provides a visual
indication to the user of the sharing state of the peripheral device by:
illumination of the LED;
color of the LED;
flashing of the LED,;

or combinations thereof.

8. The peripheral device of claim 1, comprising a data input encapsulation
module to encapsulate any data from the peripheral device to be sent to the
external computing device.

9. The peripheral device of claim 1, wherein the peripheral device sends
data descriptive of a profile of the peripheral device to the peripheral device hub
module.

10. A computing system, comprising:
a processor; and
a peripheral device, comprising:
a peripheral device processor; and
a sharing module to, upon execution of the peripheral device
processor, allow the peripheral device to be shared with an external
computing device over a network; and
a peripheral communication module to:
provide data from the peripheral device and a peripheral
device hub module of the computing system; and
provide communication by the peripheral device with the

external computing device.
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11.  The computing system of claim 10, comprising a hard key associated

with the peripheral device to indicate a sharing state with the external computing

device.

12. The computing system of claim 10, comprising a display device wherein
the display device visually presents to a user a shared state of the peripheral

input device with the host computing device or external client computing device.

13. A method of sharing a peripheral device of a computing device,
comprising:
with a processor of the peripheral device:
execute a sharing module to allow the peripheral device to be
shared over a network to an external computing device;
transfer data to the computing device indicating the sharing status

of the peripheral device with an external computing device.

14.  The method of claim 13, comprising sending data indicating that the

peripheral device is to be reassociated with the computing device.

15.  The method of claim 13, comprising, after receiving data indicating the
sharing status of the peripheral device with an external computing device,

encapsulating data received from the peripheral device selected to be shared
with the external computing device and transporting the encapsulated data to

the external computing device.
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300\

START

With a processor of the peripheral device:
execute a sharing module to allow the peripheral device to be
shared over a network {0 an external compuiing device
305

With a processor of the peripheral device:
transfer data to the computing device indicating the sharing
status of the peripheral device with an external computing
device
310

END
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