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Methods, Systems and Computer Program Products

for Mapping Inputs to A Software Application

Field of the Invention

[001] The present invention relates to input mappings. More particularly, the present
invention relates to methods and systems of mapping inputs received from one or more
controllers or user interfaces communicatively coupled to a computing system or device
on which a software application is being executed to one or more instructions or events

that said software application is configured to recognize.

Background

[002] Software applications are controlled through input devices coupled to or
integrated with computing systems that are implementing or executing such software
applications. These input devices enable a user to interface with the software

applications and to provide control or state change instructions to software applications.

[003] Figure 1 illustrates an exemplary system environment 100 of a type used for
implementation of one or more software applications. System environment 100
comprises computing system 102 communicably coupled with one or more input devices
104 (for example integrated or peripheral input devices such as a keyboard, a touch pad,
a mouse, a game pad, a motion sensor / detector, a joystick or other form of input
controller). Computing system 102 may additionally be in network communication with
cloud 106 (which cloud 106 may comprise any internetwork, network backend or

network backbone, for example, the internet).

[004] Computing system 102 includes an input layer comprising a processor
implemented input layer controller, a network traffic layer comprising a processor
implemented network traffic layer controller 1024, a disk data layer comprising a
processor implemented disk data layer controller 1026, and an application controller

1028.
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[005] Inputlayer controller 1022 is configured to communicate with one or more input
device(s) to receive and transmit control data and/or state data from and to, input
device(s) 104 to a software application being executed through computing system 102.
Network traffic layer controller 1024 is configured to receive and transmit control data
and / or state data between cloud 106 and the software application. Disk data layer
controller 1026 is configured to retrieve control data and / or state data from one or more
databases and to use such data for the purposes of executing or controlling the software

application.

[006] Application controller 1028 is communicably coupled with one or more of input
layer controller 1022, network traffic layer controller 1024 and disk data layer controller
1026, and is configured to execute and control the software application based on
software code corresponding to the software application, and based on data received
from one or more of input layer controller 1022, network traffic layer controller 1024

and disk data layer controller 1026.

[007] In the illustrated embodiment, application controller 1030 comprises graphics
controller 1030 configured to render one or more graphic objects on a display device (e.g.
a display screen), based on (i) software code corresponding to the software application
and / or (ii) data received from one or more of inputlayer controller 1022, network traffic
layer controller 1024 and disk data layer controller 1026. The illustrated application
controller 1030 also includes audio controller 1032 configured to generate and control
audio output through one or more audio devices (e.g. a speaker or headphones), based
on (i) the software code corresponding to the software application, and / or (ii) data
received from one or more of input layer controller 1022, network traffic layer controller
1024 and disk data layer controller 1026. Application controller 1028, graphics
controller 1030 and audio controller 1032 may be configured to receive data from and
transmit data to one or more of disk data layer controller 1026, network traffic layer
controller 1024, input layer controller 1022, cloud 106 and / or input device(s) 104 for

the purposes of achieving the functionality of the software application.

[008] With increasing availability of software applications, and availability of devices

and platforms on which software applications can be executed, there has been a growing
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demand for customization of user interfaces and user-experience. The demand for
customization has been particularly felt with regard to the ability to select and use
different input devices and input device controllers to control or provide inputs to
software application programs which may not have been designed for use with such input
devices / controllers / inputs. This is particularly the case with game related software
applications, where users prefer a high level of control personalization - both in terms of
devices that can be used to control the game and user inputs / user input sequences that
can be used to trigger instructions or events that are recognized by the game related

software applications.

[009] It has also been found that with increasing cross-operating system runtime
through virtual machine environments (which enables applications that are developed
for a first operating system (for example the Android OS) to be executed on a machine
running a second operating system as a host operating system (for example, the macOS™
or Windows™ operating systems)), controls that have been defined for a program
written for the first operating system may be unavailable or inefficient when said
program is being executed within the second operating system through the virtual

machine environment.

[0010] There is accordingly a need for effective solutions to map inputs received
from one or more controllers or user interfaces communicatively coupled to a computing
device on which a software application is being executed, to one or more instructions or

events that said software application is configured to recognize.

Summary

[0011] The invention provides methods and systems of mapping inputs received
from one or more controllers or user interfaces communicatively coupled to a computing
system or device on which a software application is being executed to one or more

instructions or events that said software application is configured to recognize.

[0012] In an embodiment, the invention comprises a method for mapping inputs

to a software application. The invention comprises implementing on one or more
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processors, the steps of (i) receiving a keymap that correlates a first set of input events
capable of being generated through an input device, with a second set of input events that
are recognized by the software application, wherein the second set of input events
includes one or more input events that are not included within the first set of input
events, (ii) receiving from an input device within the first set of input devices, a first data
signal associated with a first input event within the first set of input events, (iii)
identifying based on the received keymap, a second input event within the second set of
input events, wherein the second input event is mapped to the first input event by the
received keymap, (iv) generating a second data signal, wherein the second data signal is
recognizable by the software application as corresponding to the second input event, and
(v) implementing a state change in the software application based on the second data

signal.

[0013] In a further embodiment of the method, the state change implemented in
the software application instantiates a corresponding state change in an output device
controlled by the software application. The output device may comprise any of a display,
speaker, headphone, visual feedback device, audio feedback device, illumination device,

tactile feedback device, haptic feedback device, or sensory feedback device.

[0014] In embodiments of the method, (i) the first set of input events are not
recognized by the software application, or (ii) the software response that is associated
with the first set of input events by the software application is different from the software
response that is associated with the second set of input events by the software

application.

[0015] In a particular method embodiment, (i) the software application is
executed within an instance of a guest operating system that is implemented within a
host operating system, wherein the guest operating system and the host operating
system are different from each other, (ii) the first set of input events are recognizable by
a hardware device driver compatible with and executed within the host operating system,
and (iii) the second set of input events are (a) recognizable by the software application

being executed within the instance of the guest operating system or (b) recognized by a
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hardware device driver within an operating system kernel of the guest operating system,

or (c) recognized by the guest operating system.

[0016] In a method embodiment, the second data signal is transmitted to the
software application within the guest operating system from a host operating system
application software that instantiates and controls the instance of the guest operating

system that is being implemented within the host operating system.

[0017] The method may further comprise generating on a display controlled by
the software application (a) a first set of graphic objects defined by or selected based on
a state of the software application, and (b) a second set of graphic objects overlaid upon
one or more graphic objects within the first set of graphic objects, wherein one or more
graphic objects within the second set of graphic objects represent one or more input

events within the first set of input events.

[0018] In another method embodiment, the second set of graphic objects
comprises (i) a visual representation of one or more data elements retrieved from the
received keymap, or (ii) a visual representation of one or more input controls that are

enabled to generate input events within the first set of input events.

[0019] In embodiments of the method, (i) one or more input events within the
second set of input events are touchpress events initiated through a touchscreen
interface, and (ii) a graphic object within the second set of graphic objects is overlaid on
the touchscreen display, at a defined position relative to a region of the display screen
that has been defined by the software application for the purposes of initiating a
touchpress event within the second set of input events, and which touchpress event is
correlated by the received keymap with an input event within the first set of input events

that corresponds to said graphic object.

[0020] In another embodiment, the received keymap is selected from among a
plurality of keymaps - wherein the selection of the received keymap is responsive to
detection of one or more predefined state parameters, and the one or more predefined

state parameters are hardware or software state parameters.



WO 2019/244089 PCT/IB2019/055196

[0021] The detected one or more predefined state parameters in a method
embodiment may comprise any of a visual display state parameter, an audio state
parameter, a state parameter corresponding to data stored in memory, a state parameter
corresponding to data received over a network, a state parameter corresponding to input
received from a hardware device, or a state parameter corresponding to any computing
system or computing system environment associated with execution of the software

application.

[0022] In a specific method embodiment, the software application is executed
within an instance of a guest operating system that is being implemented within a host
operating system, wherein (i) the guest operating system and the host operating system
are different from each other, (ii) the first set of input events are recognizable by a
hardware device driver compatible with and executed within the host operating system,
(iii) the second set of input events are (a) recognizable by the software application being
executed within the instance of the guest operating system or (b) recognized by a
hardware device driver within an operating system kernel of the guest operating system;
or (iii) recognized by the guest operating system, and (iv) one or more of the detected
state parameters are detected based on data, a request or an instruction received at, or
from, any of (c) an application framework layer within the instance of the guest operating
system, (d) a library layer within the instance of the guest operating system, (c) a
hardware abstraction layer within the instance of the guest operating system, (d) an
application program executed within an application program layer in the guest operating
system, (e) the host operating system through a data channel established between the
instance of the guest operating system and a host operating system application software
that instantiates and controls the instance of the guest operating system that is being
implemented with the host operating system, or (f) the host operating system application

software from a host operating system device driver.

[0023] In another embodiment, the invention provides a system for mapping
inputs to a software application. The system comprises a processor implemented
computing system configured for (i) receiving a keymap that correlates a first set of input

events capable of being generated through an input device, with a second set of input



WO 2019/244089 PCT/IB2019/055196

events that are recognized by the software application, wherein the second set of input
events includes one or more input events that are not included within the first set of input
events, (ii) receiving from an input device within the first set of input devices, a first data
signal associated with a first input event within the first set of input events, (iii)
identifying based on the received keymap, a second input event within the second set of
input events, wherein the second input event is mapped to the first input event by the
received keymap, (iv) generating a second data signal, wherein the second data signal is
recognizable by the software application as corresponding to the second input event, and
(v) implementing a state change in the software application based on the second data

signal.

[0024] In a system embodiment, the state change implemented in the software
application instantiates a corresponding state change in an output device controlled by

the software application.

[0025] The output device may comprise any of a display, speaker, headphone,
visual feedback device, audio feedback device, illumination device, tactile feedback

device, haptic feedback device, or sensory feedback device.

[0026] In further system embodiments, (i) the first set of input events are not
recognized by the software application, or (ii) the software response that is associated
with the first set of input events by the software application is different from the software
response that is associated with the second set of input events by the software

application.

[0027] The software application may be executed within an instance of a guest
operating system that is implemented within a host operating system, wherein (i) the
guest operating system and the host operating system are different from each other, (ii)
the first set of input events are recognizable by a hardware device driver compatible with
and executed within the host operating system, and (iii) the second set of input events
are (a) recognizable by the software application being executed within the instance of the

guest operating system or (b) recognized by a hardware device driver within an
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operating system kernel of the guest operating system, or (c) recognized by the guest

operating system.

[0028] In a system embodiment, the second data signal is transmitted to the
software application within the guest operating system from a host operating system
application software that instantiates and controls the instance of the guest operating

system that is being implemented within the host operating system.

[0029] The system may be configured for generating on a display controlled by the
software application (a) a first set of graphic objects defined by or selected based on a
state of the software application, and (b) a second set of graphic objects overlaid upon
one or more graphic objects within the first set of graphic objects, wherein one or more
graphic objects within the second set of graphic objects represent one or more input

events within the first set of input events.

[0030] In a system embodiment, the second set of graphic objects comprises (i) a
visual representation of one or more data elements retrieved from the received keymap,
or (ii) a visual representation of one or more input controls that are enabled to generate

input events within the first set of input events.

[0031] In a further system embodiment, (i) one or more input events within the
second set of input events are touchpress events initiated through a touchscreen
interface, and (ii) a graphic object within the second set of graphic objects is overlaid on
the touchscreen display, at a defined position relative to a region of the display screen
that has been defined by the software application for the purposes of initiating a
touchpress event within the second set of input events, and which touchpress event is
correlated by the received keymap with an input event within the first set of input events

that corresponds to said graphic object.

[0032] In another system embodiment, the received keymap is selected from
among a plurality of keymaps, wherein the selection of the received keymap is responsive
to detection of one or more predefined state parameters, and the one or more predefined

state parameters are hardware or software state parameters.
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[0033] The detected one or more predefined state parameters may comprise any
of a visual display state parameter, an audio state parameter, a state parameter
corresponding to data stored in memory, a state parameter corresponding to data
received over a network, a state parameter corresponding to input received from a
hardware device, or a state parameter corresponding to any computing system or

computing system environment associated with execution of the software application.

[0034] The system may be configured such that the software application is
executed within an instance of a guest operating system that is being implemented within
a host operating system, wherein (i) the guest operating system and the host operating
system are different from each other, (ii) the first set of input events are recognizable by
a hardware device driver compatible with and executed within the host operating system,
(iii) the second set of input events are (a) recognizable by the software application being
executed within the instance of the guest operating system or (b) recognized by a
hardware device driver within an operating system kernel of the guest operating system;
or (c) recognized by the guest operating, system and (iv) one or more of the detected
state parameters are detected based on data, a request or an instruction received at, or
from, any of (a) an application framework layer within the instance of the guest operating
system, (b) a library layer within the instance of the guest operating system, (c) a
hardware abstraction layer within the instance of the guest operating system, (d) an
application program executed within an application program layer in the guest operating
system, (e) the host operating system through a data channel established between the
instance of the guest operating system and a host operating system application software
that instantiates and controls the instance of the guest operating system that is being
implemented with the host operating system, or (f) the host operating system application

software from a host operating system device driver.

[0035] The invention also provides a computer program product for mapping
inputs to a software application. The computer program product comprises a non-
transitory computer usable medium having computer readable program code embodied
therein, the computer readable program code comprising instructions for implementing

ata processor, the steps of (i) receiving a keymap that correlates a first set of input events
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capable of being generated through an input device, with a second set of input events that
are recognized by the software application, wherein the second set of input events
includes one or more input events that are not included within the first set of input
events, (ii) receiving from an input device within the first set of input devices, a first data
signal associated with a first input event within the first set of input events, (iii)
identifying based on the received keymap, a second input event within the second set of
input events, wherein the second input event is mapped to the first input event by the
received keymap, (iv) generating a second data signal, wherein the second data signal is
recognizable by the software application as corresponding to the second input event, and
(v) implementing a state change in the software application based on the second data

signal.

Brief Description of the Accompanying Drawings

[0036] Figure 1 illustrates an exemplary system environment for executing a

software application.

[0037] Figure 2 illustrates an exemplary system for a computer implemented
architecture configured for execution of application software that is written or compiled

for runtime execution within a guest operating system inside of a host operating system.
[0038] Figures 3 and 4 illustrate exemplary system environments for executing a
software application within computing systems configured to implement the present

invention.

[0039] Figures 5 and 7 illustrate methods of input keymapping according to the

teachings of the present invention.

[0040] Figure 6 illustrates a method of input keymap overlaying according to the

teachings of the present invention.

[0041] Figure 8 illustrates an exemplary computing system of a type that may be

used to implement the invention.

10
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Detailed Description

[0042] The present invention enables mapping of inputs received from one or
more controllers or user interfaces communicatively coupled to a computing system or
device on which a software application is being executed, to one or more instructions or

events that the software application is configured to recognize.

[0043] The present invention may be implemented through a computing system

of the type illustrated in Figure 1 (briefly discussed above).

[0044] In a more particular embodiment, the computing system that is used to
implement or execute a software application in accordance with the teachings of the
present invention may comprise a computer system architecture configured for
execution of a virtual instance of a guest operating system within a host operating system
running on the computer system architecture, and further configured to enable runtime
execution of a software program written for the guest operating system, within the
virtual instance of said guest operating system within the host operating system. Figure
2 illustrates an exemplary embodiment of a computer system architecture 200 that
includes a guest operating system architecture (for example, Android architecture) and

a host operating system architecture (for example, a Windows / macOS architecture).

[0045] As illustrated in Figure 2, computer system architecture 200 comprises a
memory 202, one or more hardware devices 204, and one or more processors 206
communicatively coupled to each other. Memory 202 has loaded or stored therewithin a
host operating system 208. The guest operating system implemented within the
computer system architecture 200 is a virtual instance of an operating system that is
launched by executing a host operating system software application 210 configured to
emulate a hardware architecture capable of implementing the guest operating system -
which host operating system software application 210 is alternatively referred to as a
virtual software or a hypervisor. Executing the hypervisor creates an instance 214 of a
virtual machine on which the guest operating system can be run in a manner that is

transparent to the end user.

11
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[0046] The generated instance of the guest operating system 214 may include a
software stack including one or more of an application program layer 2142, an
application framework layer 2144, a libraries layer 2146, a hardware abstraction layer
(HAL) 2148, and a kernel layer 2150. The application program layer 2142 includes
various software applications. The application framework layer 2144 is used by
developers to access framework application programming interfaces (APIs) and manage
the basic functions of a mobile device, laptop, or tablet on which the guest operating
system is executed, such as resource allocation, switching between processes or
programs, phone applications, and keeping track of the physical location of computing
system (e.g. the executing phone/laptop/tablet). The application framework layer 2144
may include various managers, including an activity manager, a window manager, a
content provider manager, a view system manager, a package manager, a telephony

manager, a resource manager, a location manager, and a notification manager.

[0047] The library layer 2146 includes libraries written, e.g., in C, C++, etc.,, and is
used by various systems. The libraries instruct the device executing the guest operating
system on how to handle different kinds of data and are exposed to developers via the
application framework. In an exemplary embodiment, where the guest operating system
is Android, libraries may include, e.g., a surface manager, a media framework library, an
SQLite library, an Open GL/ES library, a Free Type library, a WebKit library, an SGL
library, an SSL library, and an libc library.

[0048] The hardware abstraction layer 2148 provides a standard way to create
software hooks (code used to alter or augment the behavior of an operating system,
of applications, or of other software components by intercepting function
calls or messages or events passed between software components) between the guest
operating system platform stack and the underlying hardware. The hardware abstraction
layer 2148 also acts as an abstraction layer between the hardware and the rest of the

software stack.

[0049] Guest operating system kernel layer 2150 includes guest operating system

memory management programs, security settings, power management software and

12
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several drivers, such as the device driver for hardware, file system access, networking,
and inter-process-communication. In the illustrated embodiment, guest operating
system kernel layer 2150 includes at least guest operating system hardware device

drivers 2152.

[0050] Typically in operation, when an operating system such as the guest
operating system is being run directly as a host operating system on a computing system,
an instruction from the guest operating system software application to a hardware device
204 (for example an audio or display device) would be routed to a hardware device driver
2152 within the corresponding guest operating system kernel layer 2150 - which driver
would thereafter control the operation of the hardware device 204 based on the received
instruction. However, in the illustration shown in Figure 2, since the virtual instance of
the guest operating system 214 is launched from within the host operating system 208,
the virtual instance of the guest operating system 214 would be run within the host
operating system 208 as a process or a plurality of processes. Any instruction generated
by an application program being executed within application program layer 2142 of the
virtual instance of the guest operating system 214, to access the hardware through the
device drivers 2152 within guest operating system kernel 2150 would be inoperative /
meaningless to the host operating system 208, because such access is outside of the scope
of the host operating system 218. Thus, a request for data or an instruction from an
application program being executed within virtual instance of the guest operating system
214 would not be sent from the hardware abstraction layers 2148 to the guest operating
system kernel layer 2150 (as illustrated by the crossed out communication link in Figure
2), since the guest operating system kernel’s hardware device drivers 2152 would be
unable to fulfil the request or instruction — which would in turn result in an unintended

state of the hardware or in malfunctioning of the hardware.

[0051] Instead, such request or instruction would be routed from hardware
abstraction layer 2152 within virtual instance of the guest operating system 214 to the
host operating system application software 210 via one or more of the application
framework layer 2144, the library layer 2146, the hardware abstraction layer 2148 and
a data channel between the hardware abstraction layer 2148 and the host operating

system application software 210 - which data channel is configured to enable a request

13
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or instruction from an application program that is being executed within virtual instance
of the guest operating system 214, to be relayed to the host operating system

application software 210.

[0052] The host operating system application software 210 is an application
associated with the host operating system 208, which is executed by a host operating
system processor through the host operating system 208. Through the host operating
system application software, applications of the guest operating system are able to access
the hardware and system data of the host operating system 208, including hardware
devices 204 coupled with the host operating system processor and that are controlled

through the host operating system.

[0053] The request or instruction received via the data channel is forwarded from
the host operating system application software 210 to a hardware driver 212 controlled
by host operating system 208. The hardware driver 212, in turn accesses the relevant
hardware device 204 via a hardware abstraction layer of the host operating system (not
shown). The hardware device data or a hardware device acknowledgement of a control
instruction or a hardware device confirmation regarding execution of a control
instruction, is read and sent back to the host operating system application software 210
via the hardware driver 212 controlled by the host operating system - and this hardware
device data / acknowledgement of a control instruction / confirmation regarding
execution of a control instruction, may in turn be routed to the application program that
is being executed within virtual instance of the guest operating system 214 that
requested the data or initiated the control instruction. Once the data / acknowledgement
/ confirmation is made available to the hardware abstraction layer 2148 of the guest
operating system, the other higher level layers of said guest operating system, including
the library layer 2146 and the application framework layer 2144 within the virtual

machine would work as expected.

[0054] Figure 3 illustrates an embodiment of a system environment 300 of the
type that has been more generally discussed in connection with Figure 1 - and which has
been specifically configured to implement the present invention. System environment

300 comprises computing system 302 communicably coupled with one or more input

14
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devices 304 (for example integrated or peripheral input devices such as a keyboard, a
touch pad, a mouse, a game pad, a motion sensor / detector, a joystick or other form of
input controller). Computing system 302 may additionally be in network communication
with cloud 306 (which cloud 306 may comprise any internetwork, network backend or

network backbone, such as the internet).

[0055] Computing system 302 is configured to implement or execute a desired
software application - for example a game software application. In the illustrated
embodiment, computing system 302 comprises (i) input layer controller 3022
configured to interface with one or more input devices 304 and to receive user inputs,
(ii) network traffic layer controller 3024 configured to serve as an interface between the
computing system and a network (for example the internet) and to enable receiving and
sending of network communications at and from the computing system (iii) disk data
layer controller 3026 configured to handle data stored on a disk (or on other non-
transient storage) associated with the computing system, and (iv) application controller
3028 configured to execute and control the software application based on software code
corresponding to the software application, and / or based on data received from one or
more of input layer controller 3022, network traffic layer controller 3024 and disk data
layer controller 3026 - and which application controller 3028 further includes (a)
graphics controller 3030 configured to translate software application program
instructions to machine level instructions capable of being interpreted and implemented
by a display controller coupled to the computing system 302, and (b) audio controller
3032 configured to translate software application program instructions to machine level
instructions capable of being interpreted and implemented by an audio controller

coupled to the computing system 302.

[0056] The computing system 302 may be communicatively coupled with one or
more input devices / input controllers 304, which may variously include one or more of
a keyboard, a mouse, or any other input device or game controller including without
limitation, a game pad, paddle, joystick, trackball, throttle quadrant, directional

controller, touch pad, directional pad or motion sensor based controller.

15
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[0057] In addition to the above, it will be noted that the computing system 302 of
system environment 300 includes a keymapping layer 3034 that may be configured as a
communication intermediate layer or as a gateway layer that is communicably
interposed between (i) application controller 3028, or graphics controller 3030, or audio
controller 3032 on the one side, and (ii) one or more of input device(s) 304, input layer
controller 3022, network traffic layer controller 3024, disk data layer controller 3026

and cloud 306 on the other side.

[0058] Keymapping layer 3034 comprises one or both of keymapping controller
3036 and visual overlay controller 3038 - the functionality of each of which is described

in more detail below.

[0059] For the purposes of this written description, it would be understood that
the terms “keymap” or “keymapping” are interchangeable with “input map” or “input
mapping” respectively, and references to mapping of any key(s) are not intended to be
limited to inputs received from a keyboard - but rather encompass any input event
received from an input device capable of being coupled with and used to provide user

inputs to a computing device.

[0060] The keymapping controller 3036 within keymapping layer 3034 is, in an
embodiment, configured to translate inputs received from one or more input devices 304
to instructions or events capable of being detected and interpreted by a software
application / game application being executed on the computing system 302. For
example, in a game application being executed at a computing system, keymapping
controller 3036 may be configured to translate inputs received through keypress events
on a keyboard into touch actions that require input through a touch pad or touch screen
(for example running, shooting etc.) or to tilt based actions that require input through a

device having an accelerometer provided therein (for example, turning, banking etc.).

[0061] It would be understood that the keymapping events discussed above are
simply exemplary, and are not intended to be exhaustive - and that the keymapping
contemplated by the present invention may address a variety of other objectives,

including substitution of one set of input controls with another set of input controls,

16
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enabling a software application to receive interpretable inputs from one or more input
devices that the software application has not been coded to receive input from, or
defining a macro to enable a single input event to execute a plurality of instructions or

events within a software application under execution.

[0062] In an embodiment of the invention, the keymapping controller may be
configured to translate inputs received from one or more input devices 304 to
instructions or events capable of being detected and interpreted by a software
application / game application being executed on the computing system 302 based on
one or more lookup tables, or one or more substitution tables, or based on any other data
records that enable correlation of inputs received from one or more input devices 304
with instructions or events capable of being detected and interpreted by a software

application / game application being executed on the computing system 302.

[0063] The visual overlay controller 3038 is configured to overlay on one or more
display screens generated by a software application / game application, a current keymap
or other visual indication(s) regarding keys or input controls that have been associated
with specific application related functionality through the keymapping controller 3036.
For example, in a game application where the application code interprets detection of a
touch event (on a touch screen or touch pad) at a defined region of the touch screen as an
instruction for a player’s avatar to move in a particular direction, and where the
keymapping controller 3036 has mapped a specific keyboard key to the same touch
event, the visual overlay controller 3038 may be configured to overlay a character
corresponding to the specified keyboard key at, or in the vicinity of, or at a defined
position relative to, the region of the display screen that that has been defined by the

application code for the purposes of initiating the touch event.

[0064] By configuring the visual overlay controller to provide visual overlays of
the type described above, a user controlling a software application receives a visual map
to the keys / controls that have been activated by the keymapping controller 3036 and
which keys can be used to initiate specific software application events or control

instructions.

17
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[0065] In an embodiment of the invention illustrated in Figure 4, keymapping
layer 3034 additionally includes a state detector 3040 - and keymapping controller 3036
may be configured for adaptive keymapping i.e. for event or parameter based selection of
a particular keymap / keymapping profile from among a plurality of keymaps /
keymapping profiles. In other words, the keymapping controller 3036 may be configured
to implement a first keymap (i.e. a first set of keymapping associations between user
inputs and software application instructions / events) in response to detection of a first
state, or detection of a first parameter or a first set of parameters, and to implement a
second keymap (i.e. a second set of keymapping associations between user inputs and
software application instructions / events) in response to detection of a second state, or
detection of a second parameter or a second set of parameters. The states or
parameter(s) that are determinative of keymaps selected and implemented by
keymapping controller 3036 for the purpose of implementing adaptive keymapping may

be detected by state detector 3040 within keymapping layer 3034.

[0066] In a further embodiment of the invention, the visual overlay controller
3038 may be configured for adaptive overlaying of keymaps in response to event or

parameter based selection of a particular keymap by keymapping controller 3036.

[0067] In an embodiment, keymapping controller 3036 switches from a first
keymap or keymap profile to a second keymap or keymap profile based on detection of
one or more predefined states or state changes by state detector 3040. Exemplary state
changes that may be used for the purposes of initiating a switch from a first keymap to a
second keymap include state changes in one or more of a graphic state / visual display
state, audio state, a state of application data / game data on disk, a state of data received
over a network, or a state of input received from the cloud. Each of these state changes is

described briefly below.

e Keymap switching based on a graphic state / visual display state - in an
embodiment, selection of a specific keymap / keymap profile may be responsive
to detection of (i) predefined display screen(s), (ii) predefined graphic objects
displayed on a screen or (iii) a combination of predefined graphic objects

displayed in a manner that satisfies a defined set of conditions. For example, in a
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software application comprising a first person shooter game, a first keymap may
associate the keyboard key “d” with dropping a character’s weapon, while a
second keymap may associate the same keyboard key “d” with driving a vehicle.
In this embodiment, the first keymap may be the default keymap selected for as
long as the character is displayed carrying a weapon, while the system may
automatically switch from the first keymap to a second keymap when the

character is positioned on screen within a predefined distance from a vehicle.

e Keymap switching based on an audio state - in an embodiment, selection of a
specific keymap / keymap profile may be responsive to detection of predefined
sound data being communicated by the software application to an audio controller
for playback to the user or from the audio controller back to the software
application as an acknowledgement or confirmation of execution of instructions
received from the software application. For example, in a software application
comprising the first-person shooter game discussed above, detection of sound
data indicative of rain may result in selection of a keymap or keymap profile that
enables utilization of powers or abilities that are only available to a during

gameplay in a rainy environment.

e Keymap switching based on a state of game data on disk - in an embodiment,
selection of a specific keymap / keymap profile may be responsive to detection of
one or more software application parameters that are retrieved from data
parameters stored on disk. For example, in a particular game application, a
player’s abilities and functions available to the player may depend on the level /
stage of the game to which the player has progressed, or may depend on the
experience points or experience level accumulated with the player. This
information may be retrieved from the local disk of the computing device on which
the game is being played, and a keymap that provides the necessary keys for full
implementation of all abilities and functions available to the player at that level /

stage / experience can be selected for implementation.

e Keymap switching based on a state of network traffic - in an embodiment,

selection of a specific keymap / keymap profile may be responsive to detection of
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one or more software application parameters that are retrieved from data
parameters received over a network. For example, in a particular game
application, a player’s abilities and functions available to the player may depend
on the level / stage of the game to which the player has progressed, or may depend
on the experience points or experience level accumulated with the player. This
information may be periodically retrieved from a server with which the game play
device is in network communication, and a keymap that provides the necessary
keys for full implementation of all abilities and functions available to the player at
that level / stage / experience can be selected for implementation based on the

data parameters received from the network server.

e Keymap switching based on a state of input received from the cloud - in an
embodiment, selection of a specific keymap / keymap profile may be responsive
to receiving one or more data parameters that have been generated and stored on
a cloud server based on analysis of session data collected across multiple sessions
involving a user or a software application. For example, in a particular game
application that offers a first keymapping profile for a left handed player and a
second keymapping profile for a right handed player, a cloud server associated
with a particular game or game platform or software emulation platform may have
detected that a specific user has selected the left handed keymapping profile over
the last three sessions — which information may be used to automatically select
the left handed keymapping profile for the next session of game play that is

initiated responsive to detection of a session login event involving the same user.

[0068] [t would be understood that in certain embodiments adaptive keymapping
may be accompanied by adaptive visual overlaying - to display the particular keymap (or
information or graphics objects associated with the particular keymap) that has been

adaptively selected for implementation.

[0069] It would also be understood that in certain embodiments, one or more of
the keymapping profiles available for selection or adaptive selection may include
keymaps that implement one-to-many functionality (i.e. macro functionality) wherein a

single input event may be defined so as to result in execution of a plurality of instructions
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or events within a software application under execution. For example, in a game
application involving a player with multiple weapons, a single keypress event may be
defined to trigger a firing combination consisting of a first firing event using a first
weapon, substituting the first weapon for a second weapon and then a second firing event
using a second weapon. Defining such one-to-many functionality results in more efficient
gameplay, as a skilled user can define her/his own keymaps for reducing reaction time

and improving gameplay outcomes.

[0070] In a further embodiment of the invention, detection of one or more of the
above discussed changes in state that are associated with a software application may be
used to provide visual, audio or haptic feedback to the user - for example, via selecting
or changing a state of illumination of lights on a keyboard, a vibration state on a keyboard
mouse or a touch pad, an illumination state or illumination level of a display screen, or an
illumination state or illumination level of keyboard backlights. In a particular
embodiment, such feedback may be generated and / or controlled by application
controller 3038 - which may in turn rely on one or more of graphics controller 3030,
audio controller 3032, a display controller, an input device controller, an illumination

controller, or a haptic controller.

[0071] In an embodiment of the invention, the invention may be implemented
within a computing system having an architecture of the type illustrated in Figure 2 (i.e.
a computer implemented architecture that enables execution of application software that
is configured for execution on an instance of a guest operating system that has been

instantiated within a host operating system). In various such embodiments -

e keymap switching based on a graphic state or visual display state may involve
selection of a specific keymap / keymap profile in response to detection of (i)
predefined display screen(s), (ii) predefined graphic objects displayed on a screen
or (iii) a combination of predefined graphic objects displayed in a manner that
satisfies a defined set of conditions - wherein detection of one or more of the

above may be based on data, request(s) or instruction(s) received:
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at any of guest operating system application framework layer 2144, guest
operating system library layer 2146, or guest operating system hardware
abstraction layer 2148 within the virtual machine 214, from an application
program under execution within the application program layer 2142 in the

virtual machine 214, or

at the host operating system 208 through the data channel established
between the virtual machine 214 and the host operating system

application software 210, or

at the host operating system application software 210 from a host

operating system hardware device driver 212.

e keymap switching based on an audio state may involve selection of a specific

keymap / keymap profile in response to detection of predefined sound data or

instructions or requests being communicated by the application program to an

audio controller or audio device driver (or vice versa) — wherein detection of one

or more of the above may be based on data, request(s) or instruction(s) received:

@]

at any of guest operating system application framework layer 2144, guest
operating system library layer 2146, or guest operating system hardware
abstraction layer 2148 within the virtual machine 214, from an application
program under execution within the application program layer 2142 in the

virtual machine 214, or
at the host operating system 208 through the data channel established
between the virtual machine 214 and the host operating system

application software 210, or

at the host operating system application software 210 from a host

operating system hardware device driver 212.
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e Keymap switching based on a state of game data on disk may involve selection of
a specific keymap / keymap profile in response to detection of one or more
software application parameters that are retrieved from data parameters stored
on disk - wherein detection of said software parameters may be based on data

received:

o atany of guest operating system application framework layer 2144, guest
operating system library layer 2146, or guest operating system hardware
abstraction layer 2148 within the virtual machine 214, from an application
program under execution within the application program layer 2142 in the

virtual machine 214, or

o at the host operating system 208 through the data channel established
between the virtual machine 214 and the host operating system

application software 210.

e Keymap switching based on a state of network traffic may involve selection of a
specific keymap / keymap profile in response to detection of one or more software
application parameters that are retrieved from data parameters received over a
network - wherein detection of said software parameters may be based on data

received:

o atany of guest operating system application framework layer 2144, guest
operating system library layer 2146, or guest operating system hardware
abstraction layer 2148 within the virtual machine 214, from an application
program under execution within the application program layer 2142 in the

virtual machine 214, or
o at the host operating system 208 through the data channel established

between the virtual machine 214 and the host operating system

application software 210.
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e Keymap switching based on a state of input received from the cloud may involve
selection of a specific keymap / keymap profile in response to detection of one or
more data parameters that have been generated and stored on a cloud server
based on analysis of session data collected across multiple sessions involving a
user or a software application - wherein detection of said software parameters

may be based on data received:

o atany of guest operating system application framework layer 2144, guest
operating system library layer 2146, or guest operating system hardware
abstraction layer 2148 within the virtual machine 214, from an application
program under execution within the application program layer 2142 in the

virtual machine 214, or

o at the host operating system 208 through the data channel established
between the virtual machine 214 and the host operating system

application software 210.

[0072] Figures 5 to 7 illustrate methods of input keymapping according to the

teachings of the present invention.

[0073] Figure 5 illustrates a method of keymapping in accordance with a method
of the present invention - for translating inputs received from one or more input devices
304 to instructions or events capable of being detected and interpreted by a software
application or game application being executed on computing system 302. In various
embodiments, one or more of the method steps described below may be implemented
partly or entirely within keymapping layer 3034 or within application controller 3028

within computing system 302, as described above in connection with Figures 3 and 4.

[0074] Step 502 comprises retrieving a keymap that correlates a first set of input
events capable of being generated through one more input devices, with a second set of
input events that are recognized by the software application. In an embodiment of step
502 (i) the first set of input events are not recognized by the software application, or (ii)

the functionality or software response that is associated with the first set of input events
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(by software code corresponding to the software application) is different from the
functionality or software response that is associated with the second set of input events
(by the software code corresponding to the software application). In an embodiment, the
keymap at step 502 is retrieved from a keymap database, by keymapping controller 3036
within keymapping layer 3034.

[0075] Step 504 comprises receiving from an input device within the first set of
input devices, a first data signal or communication that identifies or is related to a first
input event within the first set of input events. In an embodiment, the data signal of step

504 is received at keymapping controller 3036 within keymapping layer 3034.

[0076] Step 506 comprises identifying, based on the retrieved keymap, a second
input event within the second set of input events that is mapped to the first input event.
The mapping at step 506 may be implemented at keymapping controller 3036 within
keymapping layer 3034.

[0077] Step 508 comprises generating and transmitting a second data signal
identifying or related to the second input event. In an embodiment, the generated second
data signal may be transmitted from keymapping controller 3036 and / or to application
controller 3028 - or more particularly to graphics controller 3030 or audio controller
3032 or any other state controller within application controller 3028. In a particular
embodiment the generated second data signal is recognizable by the software application
(or by the software code corresponding to the software application) as corresponding to

the second input event.

[0078] Step 510 thereafter comprises implementing a state change in the software
application or in any device (for example, a display, speaker, headphone, any visual
feedback device, audio feedback device, illumination device, tactile feedback device,
haptic feedback device, olfactory feedback device or any other sensory feedback device)
controlled or associated with the software application, based on the second data signal.
The state change in the software application or device may be implemented through
application controller 3028 or through graphics controller 3030, audio controller 3032

or any other state controller therewithin.
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[0079] In a particular embodiment, the method of Figure 5 is implemented within
a computing system having an architecture of the type illustrated in Figure 2 (i.e. a
computer implemented architecture that enables execution of application software that
is configured for execution on a guest operating system that is being run as a virtual
machine within a host operating system). In one such embodiment, the keymap retrieved
at step 502 (i) correlates a first set of input events capable of being recognized by a
hardware device driver(s) of the host operating system, with a second set of input events
that are recognized by a software application being executed within a virtual instance of
the guest operating system that has been instantiated within the host operating system,
or (ii) correlates a first set of input events capable of being recognized by a hardware
device driver(s) of the host operating system, with a second set of input events that are
recognized by a hardware device driver(s) within the guest operating system kernel of
the virtual instance of the guest operating system that has been instantiated within the
host operating system, or (iii} correlates a first set of input events capable of being
recognized by a hardware device driver(s) of the host operating system, with a second
set of input events that are recognized by the guest operating system. [t would further be
understood that in certain embodiments, the first set of input events are not recognized
by one or more of the software application being executed within a virtual instance of the
guest operating system, the hardware device driver(s) within the guest operating system

kernel, or the guest operating system.

[0080] Figure 6 illustrates a method of generating an input keymap overlay and
overlaying onto one or more display screens generated by a software application / game
application, a current keymap or one or more visual indications regarding keys or input
controls that have been associated with specific application related functionality through

the method discussed in connection with Figure 5.

[0081] In various embodiments, one or more of the method steps described below
may be implemented partly or entirely within keymapping layer 3034, or within visual
overlay controller 3038, or within application controller 3028 within computing system

302, as described above in connection with Figures 3 and 4.
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[0082] Step 602 comprises retrieving a keymap that correlates a first set of input
events capable of being generated through one more input devices, with a second set of
input events that are recognized by the software application. In an embodiment of step
602 (i) the first set of input events are not recognized by the software application, or (ii)
the functionality or software application response that is associated with the first set of
input events by software code corresponding to the software application is different from
the functionality or software application response that is associated with the second set
of input events by the software code corresponding to the software application. In an
embodiment, the keymap at step 602 is retrieved by keymapping controller 3036 within

keymapping layer 3034.

[0083] Step 604 comprises generating on a display screen controlled by the
software application (or by software code associated with the software application) a
display comprising (i) a first set of graphic objects defined by or selected based on a state
of the software application, and (ii) a second set of graphic objects overlaid upon one or
more graphic objects within the first set of graphic objects, wherein one or more graphic
objects within the second set of graphic objects correspond to one or more input events

within the first set of input events.

[0084] In an embodiment of step 604, the second set of graphic objects comprises
arepresentation of one or more data elements retrieved from the current keymap or one
or more visual indication(s) or representation(s) of keys or input controls that are
enabled to generate input events within the first set of input events (and which have been
associated with the software application functionality through the keymap retrieved at
step 602). By way of the example discussed previously, in a game application where the
application code interprets detection of a touch event (on a touch screen or a touch pad)
at a defined region of the touch screen as an instruction for a player’s avatar to move in a
particular direction, and where the keymap retrieved at step 602 has mapped a specific
keyboard key to the same touch event, step 604 may result in overlaying of a character
corresponding to the specified keyboard key at, or in the vicinity of, or at a defined
position relative to, the region of the display screen that that has been defined by the

application code for the purposes of initiating the touch event - and preferably on top of
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one or more graphic objects rendered by the gaming application on a display screen as

part of the game functionality.

[0085] By implementing the method of Figure 6 for providing such overlays, a user
controlling a software application receives a visual map to the keys / controls that have
been activated based on the keymap retrieved at step 602, and which keys can be used to

initiate specific software application events or control instructions.

[0086] In a particular embodiment, the method of Figure 6 is implemented within
a computing system having an architecture of the type illustrated in Figure 2 (i.e. a
computer implemented architecture that enables execution of application software that
is configured for execution on a guest operating system that is being run as a virtual
machine within a host operating system). In one such embodiment, the keymap retrieved
at step 602 (i) correlates a first set of input events capable of being recognized by a
hardware device driver(s) of the host operating system, with a second set of input events
that are recognized by a software application being executed within a virtual instance of
the guest operating system that has been instantiated within the host operating system,
or (ii) correlates a first set of input events capable of being recognized by a hardware
device driver(s) of the host operating system, with a second set of input events that are
recognized by a hardware device driver(s) within the guest operating system kernel of
the virtual instance of the guest operating system that has been instantiated within the
host operating system, or (iii} correlates a first set of input events capable of being
recognized by a hardware device driver(s) of the host operating system, with a second
set of input events that are recognized by the guest operating system. It would further be
understood that in certain embodiments, the first set of input events are not recognized
by one or more of the software application being executed within a virtual instance of the
guest operating system, the hardware device driver(s) within the guest operating system
kernel of the virtual instance of the guest operating system that has been instantiated

within the host operating system, or the guest operating system.

[0087] Figure 7 illustrates a method for adaptive keymapping in accordance with

the teachings of the present invention - wherein the method implements event or
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parameter based selection of a particular keymap or keymapping profile from among a
plurality of keymaps / keymapping profiles for the purposes of keymap implementation

and / or keymap overlaying that has been discussed in more detail above.

[0088] Step 702 comprises detecting a hardware or software parameter state or a
hardware or software parameter state change associated with the software application,
or with a computing system or system environment within which the software
application is being executed. In an embodiment, the parameter state or parameter state
change may be detected by state detector 3040 within keymapping layer 3034 of Figure
4. It would be understood that the parameter states or state changes that are detected at
step 702 may comprise any discernable or detectable state or state change that has been
predefined as being appropriate for the purposes of selecting a keymap, discarding a
keymap, or changing a keymap. Exemplary state changes that may be used for the
purposes of initiating a switch from a first keymap to a second keymap includes detected
changes in one or more of a graphic state / visual display state, audio state, a state of data
stored on transient or non-transient memory (e.g. on RAM or on permanent storage), a
state of data received over a network, a state of input received from a hardware device
or from the cloud, or a state of any computing system or system environment associated

with execution of the software application.

[0089] Step 704 thereafter comprises selecting from among a set of keymaps, a
keymap configured for translating input events detected at an input device to input
events that are recognizable by the software application - wherein the selection is based
on the detected parameter state or parameter state change. It would be understood that
the correlation(s) between parameter state or parameter state changes on one hand and
keymaps that are selected responsive to detection of such parameter state or parameter
state changes, may be predefined or rule based. The selected keymap may thereafter be

implemented for keymapping in accordance with the method steps of Figure 5.

[0090] It would be understood that the method of Figure 7 enables implementing
a first keymap (i.e. a first set of keymapping associations between user inputs and
software application instructions / events) in response to detection of a first state or first

state change, or detection of a first parameter or a first set of parameters, and to
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implement a second keymap (i.e. a second set of keymapping associations between user
inputs and software application instructions / events) in response to detection of a
second state, or second state change, or detection of a second parameter or a second set

of parameters.

[0091] In certain embodiments, adaptive keymapping according to the method of
Figure 7 may be accompanied by adaptive visual overlaying according to the method of
Figure 6 - to display or indicate a particular keymap that has been adaptively selected for
implementation. In particular embodiments, one or more of the keymapping profiles
available for selection or adaptive selection may include keymaps that implement one-
to-many functionality (i.e. macro functionality) wherein a single input event may be
defined so as to result in execution of a plurality of instructions or events within a

software application under execution.

[0092] In an embodiment of the method of Figure 7, the invention may be
implemented on a computing system having an architecture of the type illustrated in
Figure 2 (i.e. a computer implemented architecture that enables execution of application
software that is configured for execution on a guest operating system, within a host
operating system). In such embodiments involving implementation of the method of

Figure 7 -

e keymap switching based on a graphic state or visual display state may involve
selection of a specific keymap / keymap profile in response to detection of (i)
predefined display screen(s), (ii) predefined graphic objects displayed on a screen
or (iii) a combination of predefined graphic objects displayed in a manner that
satisfies a defined set of conditions - wherein detection of one or more of the

above may be based on data, request(s) or instruction(s) received:

o at any of the guest operating system application framework layer 2144,
guest operating system library layer 2146, or guest operating system
hardware abstraction layer 2148 within the virtual machine 214, from an
application program under execution within the application program layer

2142 in the virtual machine 214, or
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at the host operating system 208 through the data channel established
between the virtual machine 214 and the host operating system

application software 210, or

at the host operating system application software 210 from a host

operating system hardware device driver 212.

e keymap switching based on an audio state may involve selection of a specific

keymap / keymap profile in response to detection of predefined sound data or

instructions or requests being communicated by the application program to an

audio controller or audio device driver (or vice versa) — wherein detection of one

or more of the above may be based on data, request(s) or instruction(s) received:

@]

at any of guest operating system application framework layer 2144, guest
operating system library layer 2146, or guest operating system hardware
abstraction layer 2148 within the virtual machine 214, from an application
program under execution within the application program layer 2142 in the

virtual machine 214, or

at the host operating system 208 through the data channel established
between the virtual machine 214 and the host operating system

application software 210, or

at the host operating system application software 210 from a host

operating system hardware device driver 212.

e Keymap switching based on a state of game data on disk may involve selection of

a specific keymap / keymap profile in response to detection of one or more

software application parameters that are retrieved from data parameters stored

on disk - wherein detection of said software parameters may be based on data

received:
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o atany of guest operating system application framework layer 2144, guest
operating system library layer 2146, or guest operating system hardware
abstraction layer 2148 within the virtual machine 214, from an application
program under execution within the application program layer 2142 in the

virtual machine 214, or

o at the host operating system 208 through the data channel established
between the virtual machine 214 and the host operating system

application software 210.

e Keymap switching based on a state of network traffic may involve selection of a
specific keymap / keymap profile in response to detection of one or more software
application parameters that are retrieved from data parameters received over a
network - wherein detection of said software parameters may be based on data

received:

o atany of guest operating system application framework layer 2144, guest
operating system library layer 2146, or guest operating system hardware
abstraction layer 2148 within the virtual machine 214, from an application
program under execution within the application program layer 2142 in the

virtual machine 214, or

o at the host operating system 208 through the data channel established
between the virtual machine 214 and the host operating system

application software 210.

e Keymap switching based on a state of input received from the cloud may involve
selection of a specific keymap / keymap profile in response to detection of one or
more data parameters that have been generated and stored on a cloud server
based on analysis of session data collected across multiple sessions involving a
user or a software application - wherein detection of said software parameters

may be based on data received:
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o atany of guest operating system application framework layer 2144, guest
operating system library layer 2146, or guest operating system hardware
abstraction layer 2148 within the virtual machine 214, from an application
program under execution within the application program layer 2142 in the

virtual machine 214, or

o at the host operating system 208 through the data channel established
between the virtual machine 214 and the host operating system

application software 210.

[0093] Figure 8 illustrates an exemplary computer system 802 for implementing

the present invention.

[0094] The illustrated system comprises computer system 802 which in turn
comprises one or more processors 804 and at least one memory 806. Processor 804 is
configured to execute program instructions - and may be a real processor or a virtual
processor. It will be understood that computer system 802 does not suggest any
limitation as to scope of use or functionality of described embodiments. The computer
system 802 may include, but is not be limited to, one or more of a general-purpose
computer, a programmed microprocessor, a micro-controller, an integrated circuit, and
other devices or arrangements of devices that are capable of implementing the steps that
constitute the method of the present invention. Exemplary embodiments of a computer
system 802 in accordance with the present invention may include one or more servers,
desktops, laptops, tablets, smart phones, mobile phones, mobile communication devices,
tablets, phablets and personal digital assistants. In an embodiment of the present
invention, the memory 806 may store software for implementing various embodiments
of the present invention. The computer system 802 may have additional components. For
example, the computer system 802 may include one or more communication channels
808, one or more input devices 810, one or more output devices 812, and storage 814. An
interconnection mechanism (not shown) such as a bus, controller, or network,
interconnects the components of the computer system 802. In various embodiments of
the present invention, operating system software (not shown) provides an operating

environment for various softwares executing in the computer system 802 using a
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processor 804, and manages different functionalities of the components of the computer

system 802.

[0095] The communication channel(s) 808 allow communication over a
communication medium to various other computing entities. The communication
medium provides information such as program instructions, or other data in a
communication media. The communication media includes, but is not limited to, wired
or wireless methodologies implemented with an electrical, optical, RF, infrared, acoustic,

microwave, Bluetooth or other transmission media.

[0096] The input device(s) 810 may include, but is not limited to, a touch screen,
a keyboard, mouse, pen, joystick, trackball, a voice device, a scanning device, or any
another device that is capable of providing input to the computer system 802. In an
embodiment of the present invention, the input device(s) 810 may be a sound card or
similar device that accepts audio input in analog or digital form. The output device(s) 812
may include, but not be limited to, a user interface on CRT, LCD, LED display, or any other
display associated with any of servers, desktops, laptops, tablets, smart phones, mobile
phones, mobile communication devices, tablets, phablets and personal digital assistants,
printer, speaker, CD/DVD writer, or any other device that provides output from the

computer system 802.

[0097] The storage 814 may include, but not be limited to, magnetic disks,
magnetic tapes, CD-ROMs, CD-RWs, DVDs, any types of computer memory, magnetic
stripes, smart cards, printed barcodes or any other transitory or non-transitory medium
which can be used to store information and can be accessed by the computer system 802.
In various embodiments of the present invention, the storage 814 may contain program

instructions for implementing any of the described embodiments.

[0098] In an embodiment of the present invention, the computer system 802 is

part of a distributed network or a part of a set of available cloud resources.

[0099] The present invention may be implemented in numerous ways including

as a system, a method, or a computer program product such as a computer readable
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storage medium or a computer network wherein programming instructions are

communicated from a remote location.

[00100] The present invention may suitably be embodied as a computer program
product for use with the computer system 802. The method described herein is typically
implemented as a computer program product, comprising a set of program instructions
that is executed by the computer system 802 or any other similar device. The set of
program instructions may be a series of computer readable codes stored on a tangible
medium, such as a computer readable storage medium (storage 814), for example,
diskette, CD-ROM, ROM, flash drives or hard disk, or transmittable to the computer
system 802, via a modem or other interface device, over either a tangible medium,
including but not limited to optical or analogue communications channel(s) 808. The
implementation of the invention as a computer program product may be in an intangible
form using wireless techniques, including but not limited to microwave, infrared,
Bluetooth or other transmission techniques. These instructions can be preloaded into a
system or recorded on a storage medium such as a CD-ROM, or made available for
downloading over a network such as the Internet or a mobile telephone network. The
series of computer readable instructions may embody all or part of the functionality

previously described herein.

[00101] The present invention accordingly provides effective solutions to map
inputs received from one or more controllers or user interfaces communicatively coupled
to a computing device on which a software application is being executed, to one or more

instructions or events that said software application is configured to recognize.

[00102] While the exemplary embodiments of the present invention are described
and illustrated herein, it will be appreciated that they are merely illustrative. It will be
understood by those skilled in the art that various modifications in form and detail may
be made therein without departing from or offending the spirit and scope of the invention
as defined by the appended claims. Additionally, the invention illustratively disclose
herein suitably may be practiced in the absence of any element which is not specifically
disclosed herein - and in a particular embodiment specifically contemplated, is intended

to be practiced in the absence of any element which is not specifically disclosed herein.
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Claims:

1. A method for mapping inputs to a software application, comprising implementing

on one or more processors, the steps of:

receiving a keymap that correlates a first set of input events capable of being generated
through an input device, with a second set of input events that are recognized by the
software application, wherein the second set of input events includes one or more input

events that are not included within the first set of input events;

receiving from an input device within the first set of input devices, a first data signal

associated with a first input event within the first set of input events;
identifying based on the received keymap, a second input event within the second set of
input events, wherein the second input event is mapped to the first input event by the

received keymap;

generating a second data signal, wherein the second data signal is recognizable by the

software application as corresponding to the second input event; and

implementing a state change in the software application based on the second data

signal;

wherein the method further comprises:

generating on a display controlled by the software application:

a first set of graphic objects defined by or selected based on a state of the

software application; and

a second set of graphic objects overlaid upon one or more graphic objects

within the first set of graphic objects, wherein a specific graphic object within the
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second set of graphic objects comprises a visual representation of an input control

that is enabled to generate the first input event within the first set of input events;

and wherein:

the second input event within the second set of input events is a touchpress

second input event initiated through a touchscreen interface; and

the specific graphic object within the second set of graphic objects is overlaid on the
touchscreen display, at a defined position relative to a region of the display screen that
has been defined by the software application for the purposes of initiating the touchpress
second input event within the second set of input events, and which touchpress second
input eventis correlated by the received keymap with the first input event within the first

set of input events.

2. The method as claimed in claim 1, wherein the state change implemented in the
software application instantiates a corresponding state change in an output device

controlled by the software application.

3. The method as claimed in claim 2, wherein the output device is any of a display,
speaker, headphone, visual feedback device, audio feedback device, illumination device,

tactile feedback device, haptic feedback device, or sensory feedback device.

4. The method as claimed in claim 1, wherein (i) the first set of input events are not
recognized by the software application, or (ii) software response that is associated with
the first set of input events by the software application is different from software
response that is associated with the second set of input events by the software

application.

5. The method as claimed in claim 1, wherein:
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the software application is executed within an instance of a guest operating system that
is implemented within a host operating system, wherein the guest operating system and

the host operating system are different from each other;

the first set of input events are recognizable by a hardware device driver compatible with

and executed within the host operating system; and

the second set of input events are (i) recognizable by the software application being
executed within the instance of the guest operating system or (ii) recognized by a
hardware device driver within an operating system kernel of the guest operating system;

or (iii) recognized by the guest operating system.

6. The method as claimed in claim 5, wherein the second data signal is transmitted
to the software application within the guest operating system from a host operating
system application software that instantiates and controls the instance of the guest

operating system that is being implemented within the host operating system.
7. The method as claimed in claim 1, wherein one or more graphic objects within the
second set of graphic objects represent one or more input events within the first set of

input events.

8. The method as claimed in claim 7, wherein the second set of graphic objects

comprises:

a visual representation of one or more data elements retrieved from the received

keymap; or

a visual representation of one or more input controls that are enabled to generate input

events within the first set of input events.

0. The method as claimed in claim 8, wherein:
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the input events within the second set of input events are touchpress events initiated

through the touchscreen interface.

10. The method as claimed in claim 1, wherein:

the received keymap is selected from among a plurality of keymaps;

wherein the selection of the received keymap is responsive to detection of one or

more predefined state parameters, and

the one or more predefined state parameters are hardware or software state

parameters.

11. The method as claimed in claim 10, wherein the detected one or more predefined
state parameters comprise any of a visual display state parameter, an audio state
parameter, a state parameter corresponding to data stored in memory, a state parameter
corresponding to data received over a network, a state parameter corresponding to input
received from a hardware device, or a state parameter corresponding to any computing
system or computing system environment associated with execution of the software

application.

12. The method as claimed in claim 10, wherein the software application is executed
within an instance of a guest operating system that is being implemented within a host
operating system, wherein:

the guest operating system and the host operating system are different from each other;

the first set of input events are recognizable by a hardware device driver compatible with

and executed within the host operating system;

the second set of input events are (i) recognizable by the software application being

executed within the instance of the guest operating system or (ii) recognized by a
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hardware device driver within an operating system kernel of the guest operating system;

or (iii) recognized by the guest operating system; and

one or more of the detected state parameters are detected based on data, a request or an

instruction received at, or from, any of:

an application framework layer within the instance of the guest operating system;

a library layer within the instance of the guest operating system;

a hardware abstraction layer within the instance of the guest operating system;

an application program executed within an application program layer in the guest

operating system,;

the host operating system through a data channel established between the
instance of the guest operating system and a host operating system application software
that instantiates and controls the instance of the guest operating system that is being

implemented with the host operating system; or

the host operating system application software from a host operating system

device driver.

13. A system for mapping inputs to a software application, the system comprising a

processor implemented computing system configured for:

receiving a keymap that correlates a first set of input events capable of being generated
through an input device, with a second set of input events that are recognized by the
software application, wherein the second set of input events includes one or more input

events that are not included within the first set of input events;

receiving from an input device within the first set of input devices, a first data signal

associated with a first input event within the first set of input events;
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identifying based on the received keymap, a second input event within the second set of
input events, wherein the second input event is mapped to the first input event by the

received keymap;

generating a second data signal, wherein the second data signal is recognizable by the

software application as corresponding to the second input event; and

implementing a state change in the software application based on the second data signal

wherein the processor implemented computing system is further configured for:

generating on a display controlled by the software application:

a first set of graphic objects defined by or selected based on a state of the

software application; and

a second set of graphic objects overlaid upon one or more graphic objects
within the first set of graphic objects, wherein a specific graphic object within the
second set of graphic objects comprises a visual representation of an input control

that is enabled to generate the first input event within the first set of input events;

and wherein:

the second input event within the second set of input events is a touchpress

second input event initiated through a touchscreen interface; and

the specific graphic object within the second set of graphic objects is overlaid on the
touchscreen display, at a defined position relative to a region of the display screen that
has been defined by the software application for the purposes of initiating the touchpress

second input event within the second set of input events, and which touchpress second
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input event is correlated by the received keymap with the first input event within the first

set of input events.

14.  The system as claimed in claim 13, wherein the state change implemented in the
software application instantiates a corresponding state change in an output device

controlled by the software application.

15.  The system as claimed in claim 14, wherein the output device is any of a display,
speaker, headphone, visual feedback device, audio feedback device, illumination device,

tactile feedback device, haptic feedback device, or sensory feedback device.

16.  The system as claimed in claim 13, wherein (i) the first set of input events are not
recognized by the software application, or (ii) software response that is associated with
the first set of input events by the software application is different from software
response that is associated with the second set of input events by the software

application.

17. The system as claimed in claim 13, wherein:

the software application is executed within an instance of a guest operating system that
is implemented within a host operating system, wherein the guest operating system and

the host operating system are different from each other;

the first set of input events are recognizable by a hardware device driver compatible with

and executed within the host operating system; and

the second set of input events are (i) recognizable by the software application being
executed within the instance of the guest operating system or (ii) recognized by a
hardware device driver within an operating system kernel of the guest operating system;

or (iii) recognized by the guest operating system.

18. The system as claimed in claim 17, wherein the second data signal is transmitted

to the software application within the guest operating system from a host operating
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system application software that instantiates and controls the instance of the guest

operating system that is being implemented within the host operating system.
19.  The system as claimed in claim 13, wherein one or more graphic objects within
the second set of graphic objects represent one or more input events within the first set

of input events.

20.  The system as claimed in claim 19, wherein the second set of graphic objects

comprises:

a visual representation of one or more data elements retrieved from the received

keymap; or

a visual representation of one or more input controls that are enabled to generate input

events within the first set of input events.

21. The system as claimed in claim 20, wherein:

the input events within the second set of input events are touchpress events initiated

through the touchscreen interface.

22.  The system as claimed in claim 13, wherein:

the received keymap is selected from among a plurality of keymaps;

wherein the selection of the received keymap is responsive to detection of one or

more predefined state parameters, and

the one or more predefined state parameters are hardware or software state

parameters.

23. The system as claimed in claim 22, wherein the detected one or more predefined

state parameters comprise any of a visual display state parameter, an audio state
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parameter, a state parameter corresponding to data stored in memory, a state parameter
corresponding to data received over a network, a state parameter corresponding to input
received from a hardware device, or a state parameter corresponding to any computing
system or computing system environment associated with execution of the software

application.

24.  The system as claimed in claim 22, wherein the software application is executed
within an instance of a guest operating system that is being implemented within a host
operating system, wherein:

the guest operating system and the host operating system are different from each other;

the first set of input events are recognizable by a hardware device driver compatible with

and executed within the host operating system;

the second set of input events are (i) recognizable by the software application being
executed within the instance of the guest operating system or (ii) recognized by a
hardware device driver within an operating system kernel of the guest operating system;

or (iii) recognized by the guest operating system; and

one or more of the detected state parameters are detected based on data, a request or an

instruction received at, or from, any of:

an application framework layer within the instance of the guest operating system;

a library layer within the instance of the guest operating system;

a hardware abstraction layer within the instance of the guest operating system;

an application program executed within an application program layer in the guest

operating system,;
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the host operating system through a data channel established between the
instance of the guest operating system and a host operating system application software
that instantiates and controls the instance of the guest operating system that is being

implemented with the host operating system; or

the host operating system application software from a host operating system

device driver.

25. A computer program product for mapping inputs to a software application, the
computer program product comprising a non-transitory computer usable medium
having computer readable program code embodied therein, the computer readable

program code comprising instructions for implementing at a processor, the steps of:

receiving a keymap that correlates a first set of input events capable of being generated
through an input device, with a second set of input events that are recognized by the
software application, wherein the second set of input events includes one or more input

events that are not included within the first set of input events;

receiving from an input device within the first set of input devices, a first data signal

associated with a first input event within the first set of input events;
identifying based on the received keymap, a second input event within the second set of
input events, wherein the second input event is mapped to the first input event by the

received keymap;

generating a second data signal, wherein the second data signal is recognizable by the

software application as corresponding to the second input event; and

implementing a state change in the software application based on the second data signal;

generating on a display controlled by the software application:
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a first set of graphic objects defined by or selected based on a state of the

software application; and

a second set of graphic objects overlaid upon one or more graphic objects
within the first set of graphic objects, wherein a specific graphic object within the
second set of graphic objects comprises a visual representation of an input control

that is enabled to generate the first input event within the first set of input events;

and wherein:

the second input event within the second set of input events is a touchpress

second input event initiated through a touchscreen interface; and

the specific graphic object within the second set of graphic objects is overlaid on the
touchscreen display, at a defined position relative to a region of the display screen that
has been defined by the software application for the purposes of initiating the touchpress
second input event within the second set of input events, and which touchpress second
input eventis correlated by the received keymap with the first input event within the first

set of input events.
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