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What is claimed is:

A system for processing user input, comprising:
display comprising a visualization of a user interface;

user input device comprising at least one selected from the group consisting of touch

input and pen input, the user input device adapted to output signals corresponding to user input;

input prodgssing system operatively connected to the user input device, the input
processing system adaptsd to receive the signals corresponding to user input and to emit signals

corresponding to the received signals;

first graphical procesging and output system comprising software running in a
software stack, the first graphical phocessing and output system adapted to receive at least some
of the emitted signals and to generateMigh-latency data that can affect the visualization of the
user interface on the display and to outputthe high-latency data for use by the display in response

to the at [east some of the emitted signals;

second graphical processing and outpyt system implemented at least partially in

hardware, the second graphical proccssing and “Qutput system adapted to substantially
simultaneously receive the at least some of the emitted ¥gnals and to gencrate low-latency data
that can affect the visualization of the user interface on thé\display and to output the generated

low-latency data for use by the display in response to the at least some of the emitted signals;

wherein, with respect to the response to the at least some of the emitted signals, the
second graphical processing and output system is adapted to output
data with Jow latency relative to the output of the high-latency data Ry the first graphical

processing and output system; and

the display being configured to display at least some of the low-latendy data and at

least some of the high-latency data on the visualization of the user interface.

2. The system for processing user input according to claim 1, wherein the low-latency data
is generated by associating data corresponding to a defined response with one or more of the\at

least some of the emitted signals.




3. The system for processing user input according to claim 1, wherein the high-latency data

iS\generated by rendering a response to one or more of the at least some of the emitted signals.

4, The system for processing user input according to claim 1, wherein the high-latency data

and the 1ow-latency data have substantially equal fidelity.

5. The system for processing user input according to claim 1, wherein the high-latency data

and the low-latensy data have unequal fidelity.

6. The system\for processing user input according to claim 35, wherein at least some of

the high-latency data is of\higher fidelity than the corresponding low-latency data.

7. The system for precessing user input according to claim 1, wherein the second
graphical processing and output dystem is implemented, at least in part, in at least one selected
from the group of ficld-programmable gate array (FPGA), application-specific integrated circuit
(ASIC), a microcontroller, a graphics pragessing unit (GPU), or a system on a chip (SoC).

8. The system for processing user\input according to claim 1, wherein the second
graphical processing and output system is implemented in logic integrated into an existing

component of a computing system.

9. The system for processing user input accoxding to claim 8, wherein the existing
component of the computing system comprises at least one'selected from the group of a graphics
processing unit (GPU), input device controller, central processtyg unit (CPU), microcontroller, or

system on a chip (SoC).

10. The system for processing user input according to claim 1, Wherein the first graphical
processing and output system includes state information reflecting at least one state of the first
graphical processing and output system, and the second graphical processing and output system’s

responsc is dependent upon the state information.

11. The system for processing user input according to claim 1, wherein \the second

graphical processing and output system comprises user interface element logic.
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12. The system for processing user input according to claim 11, further comprising;

Ul elements data containing data regarding the visual hierarchy and properties of

visible Ul elements; and

wherein the second graphical processing and output system is adapted to perform hit

testing basedyn information in the Ul elements data.

13. The system for processing user input according to claim 1, wherein the emitted
signals are sent in a yeam to the first and second graphical processing and output system, and
the second graphical prodessing and output system is adapted to delete one or more of the emitted
signals from the stream, préyenting such deleted signals from being part of the at least some of
the emitted signals corresponding to the received data that are received by the first graphical

processing and output system.

14. The system for processing Uger input according to claim 1, wherein the at least some
of the emitted signals corresponding to thg high-latency data for use by the display differ from

the at least some of the emitted signals corresponding to the low-latency data.

15. The system for processing user inpud according to claim 1, wherein the second
graphical processing and output system outputs the Rencrated low-latency data for use by the

display within 10 ms of receiving a corresponding emitted,signal.

16 The system for processing user input according\to claim 1, wherein the second
graphical processing and output system outputs the generated lgw-latency data for use by the

display within 5 ms of receiving a corresponding emitted signal.

17. The system for processing user input according to claim Y, wherein the second
graphical processing and output system outputs the generated low-latency\data for use by the

display within 1 ms of receiving a corresponding emitted signal.

18. The system for processing user input according to claim 1, further coxyprising an
additional output device, and wherein in response to the at least some of the emitted sigqals, the
second graphical processing and output system generates additional output data for use

additional output device.
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19. The system for processing user input according to claim 18, wherein the additional
utput device and additional output data are selected from the group comprising: an audio output
dewi

e and audio ciata, and a haptic feedback device and haptic feedback data.

20.

between atNeast some of the low-latency data that can affect the visualization of the user

The system for processing user input according to claim 1, wherein a difference

interface and %sprresponding high-latency data that can affect the visualization of the user

interface is perceptible to a user.

21. The system for processing user input according to claim 1, wherein at least some of
the low-latency data that cag affect the visualization of the user interface and at least some of the
corresponding high-latency da{a that can affect the visualization of the user interface is blended

in a manner that is not noticeable\yy a user.

22, The system for processing\yser input according to claim 1, configured to provide a

low-latency system response in a form that, is dictated by application logic.

23. The system for processing user inpht according to claim I, wherein the form of low-
latency system response comprises a response Wr set of responses selected from the group

consisting of: an auditory response, a visual response)and a haptic response.

24, The system for processing user input according to claim 1, configured to provide a

low-latency system response in a form that is dictated by systém logic.

25. The system for processing user input according to cldim 1, wherein the user input
device comprises a direct-touch input device employing at least one of the technologies selected
from the group consisting of: resistive, direct illumination, frustrated tgtal-internal reflection,
diffuse illumination, projected capacitive, capacitive coupling, acoustic wave, and sensor-in-

pixel.

26. The system for processing user input according to claim 2, wherein\the second
graphical processing and output system comprises at least one pre-rendered visual, and\wherein

the low-latency data corresponds to one or more of the at least one pre-rendered visual.

27.  The system for processing user input according to claim 26, wherein the high-latency dat

and the low-latency data have unequal fidelity.
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28. The system for processing user input according to claim 26, wherein the first
graphical processing and output system includes state information reflecting at least one state of
the\first graphical processing and output system, and the second graphical processing and output

systenws response is dependent upon the state information.
29, The system for processing user input according to claim 26, further comprising:

Ul elements data containing data regarding the visual hierarchy and properties of

visible Ul elementshand

wherein the Sscond graphical processing and output system is adapted to perform hit

testing based on informatiom\n the Ul elements data.

30. The system for procegsing user input according to claim 26, wherein the emitted
signals are sent in a stream to the fixst and second graphical processing and output system, and
the second graphical processing and outhut system is adapted to delete one or more of the emitted
signals fromn the stream, preventing such dgleted signals from being part of the at least some of
the emitted signals corresponding to the recéiyed data that are received by the first graphical

processing and output system.

31. The system for processing user input accoxding to claim 26, further comprising an
additional output device, and wherein in response to the aX least some of the emitted signals, the
second graphical processing and output system generates additional output data for use by the

additional output device.

32. The system for processing user input according to claim\j1, wherein the additional
output device and additional output data are selected from the group comyrising: an audio output

device and audio data, and a haptic feedback device and haptic feedback data

33. The system for processing user input according to claim I, whergin the sccond
graphical processing and output system’s response is independent of the fird{ graphical

processing and output system.

34. The system for processing user input according to claim 1, wherein the secqnd

graphical processing and output system’s response is dependent upon the first graphical
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rocessing and output system, and state information is passed from the first graphical processing

andhputput system to the second graphical processing and output system.

35. The system for processing user input according to claim 34, wherein data passed from
the first graghical processing and output system to the second graphical processing and output
system is comyrised of one or more pieces of data describing one or more of the graphical
elements in the ussy interface, and wherein the data passed is selected from the group consisting

of: the size, the locatiqn, the appearance, alternative appearances, response to user input, and the

the first graphical processing and, output system to the second graphical processing and output
system describes appearance or behavior of a button, a slider, a draggable or resizable GUI
element, a scrollable list, a spinner, a drap-down list, a menu, a toolbar, a combo box, a movable
icon, a fixed icon, a tree view, a grid view)a scroll bar, 4 scrollable window, or a user interface

element,

37. The system for processing user input ab¢ording to claim 1, wherein high- and low-
latency visualizations are combined on a single display by at least one of: overlapping two
projected images, logically combining the visualizations\in a display buffer, overlapping two
transparent layers each capable of displaying one of the hixh- and low-latency visualizations,
iﬁterlacing pixels of the display such that some are filled from thg low-latency visualizations and
some are filled from the high-latency visualizations, or interlacing thg frames of the display such
that some are filled from the low-latency visualizations and some are fiNed from the high-latency

visualizations.

38. The system for processing user input according to claim 1, whsrein the second
graphical processing and output system is configured to process the events with low fidelity with

respect to a fidelity of the first graphical processing and output system.,

39. The system for processing user input according to claim 1, wherein the\nput
processing system performs decimation on user input signals before they are received by oneqr

both of the first or second graphical processing and output systems.
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40. The system for processing user input according to claim 1, wherein user input signals
regeived by the first and second graphical processing and output systems have been differentially

procesgsed.

41. A system for processing user input, comprising:

lay comprising a visualization of a user interface;
user inpyt device adapted to output signals corresponding to user input;

input processing system operatively connected to the user input device, the input
processing system adapted¥o receive the signals corresponding to user input and to emit a stream

of signals corresponding to atVgast some of the received signals;

first graphical processing and output system adapted to receive at least a portion of the

stream of signals and to generate high-latency data that can affect the visualization of the user
interface on the display and to output the\high-latency data for use by the display in response to
at least some of the signals in the at least aortion of the stream of signals received by the first

graphical processing and output system;

second graphical processing and output System adapted to receive at least a portion of
the stream of signals and to generate low-latency data that can affect the visualization of the user
interface on the display and to output the generated lowMatency data for use by the digplay in
response to the at least some of the signals in the at least\a portion of the strcam of signals
received by the second graphical processing and output system,\the second graphical processing
and output system being configured to output the generated low-lafency data with low latency
relative to the output of the high-latency data by the first output graphigal processing and output

system; and

the display being configured to merge at least some of the low-[atency data and at

least some of the high-latency data onto the visualization of the user interface.

42.  The system for processing user input claimed in claim 41, wherein the low-latexey data is
generated by associating data corresponding to a defined response to one or more of the'qt least
some of the signals in the at least a portion of the stream of signals received by the sedond

graphical processing and output system.
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43.  The system for processing user input claimed in claim 41, wherein the high-latency data

enerated by rendering.

44. \The system for processing user input according to claim 41, wherein the high-latency data

and the low-latency data have substantially equal fidelity.

45.  The systgm for processing user input according to claim 41, wherein the high-latency data

and the low-latency data have unequal fidelity.

46. The systemYor processing user input according to claim 45, wherein at least some of

the high-latency data is of higher fidelity than the corresponding low-latency data.

47. The system for progessing user input according to claim 41, wherein the second
graphical processing and output system is implemented, at least in part, in at least one selected
from the group of field-programmabld gate array (FPGA), application-specific integrated circuit
(ASIC), a microcontroller, a graphics prodgssing unit (GPU), or a system on a chip (SoC).

48. The system for processing user ihput according to claim 41, wherein the second
graphical processing and output system is impl¢mented in logic integrated into an existing

component of a computing system.

49, The system for processing user input accordiqg to claim 48, wherein the existing
component of the computing system comprises at least one s@lected from the group of a graphics
processing unit (GPU), input device controller, central processing unit (CPU), microcontroller, or

system on a chip (SoC).

50. The system for processing user input according to claim\ 41, wherein the first
graphical processing and output system includes state information reflecting\at least one state of
the first graphical processing and output system, and the second graphical procsssing and output

system’s response is dependent upon the state information.

51. The system for processing user input according to claim 41, wherein the second

graphical processing and output system comprises user interface element logic.




WO-2014655942 PEFES 3569
52. The system for processing user input according to claim 51, further comprising;

UI elements data containing data regarding the visual hierarchy and properties of

visible Ul elements; and

wherein the second graphical processing and output system is adapted to perform hit

testing basedqn information in the Ul elements data.

53. The system for processing user input according to claim 41, wherein the second
graphical processing and output system is adapted to delete one or more of the signals from the
stream, preventing such\leleted signals from being part of the at least a portion of the stream of
signals corresponding to at Y¢ast some of the received data that are received by the first graphical

processing and output system.

54. The system for processing user input according to claim 41, wherein the at least a
portion of the stream of signals corresponding to the high-latency data differ from the at least a

portion of signals corresponding to the lowlatency data.

55. The system for processing user imput according to claim 41, wherein the second

graphical processing and output system outputs ¥he generated low-latency data for use by the

display within 5 ms of receiving a corresponding cmitted signal.

56. The system for processing user input accordihg to claim 41, further comprising an
additional output device, and wherein in response to one or tpre signals in the at least a portion
of the stream of signals, the second graphical processing and output system generates additional

output data for use by the additional output device.

57. The system for processing user input according to claim 56y wherein the additional
output device and additional output data are selected from the group compriging: an audio output

device and audio data, and a haptic feedback device and haptic feedback data.

58. The system for processing user input according to claim 41, whereim\a difference
between at least some of the low-latency data that can affect the visualization of the user
interface and corresponding high-latency data that can affect the visualization of t

interface is perceptible to a user.
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latency system response\ comprises a response or set of responses selected from the group

consisting of: an auditory reSponse, a visual response, and a haptic response.

62. The system for processing user input according to claim 41, configured to provide a

low-latency system response in a forg that is dictated by system logic.

63. The system for processing usder input according to claim 41, wherein the user input
device comprises a direct-touch input devicg employing at least one of the technologies selected
from the group consisting of: resistive, direck illumination, frustrated total-internal reflection,
diffuse illumination, projected capacitive, capaciive coupling, acoustic wave, and sensor-in-

pixel.

64. The system for processing user input accordipg to claim 42, wherein the second
graphical processing and output system comprises at least ohg pre-rendered visual, and wherein

the low-latency data corresponds to one or more of the at least ong pre-rendered visual.

65.  The system for processing user input according to claim 64, wherein the high-latency data

and the low-latency data have unequal fidelity.

66. The system for processing user input according to claim 64\ wherein the first
graphical processing and output system includes state information reflecting at Y¢ast one state of
the first graphical processing and output system, and the second graphical processiyg and output

system’s response is dependent upon the state information.
67. The system for processing user input according to claim 64, further comprising:

Ul elements data containing data regarding the visual hierarchy and properties ¢

visible Ul elements; and
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wherein the second graphical processing and output system is adapted to perform hit

testing based on information in the Ul elements data.

signals from e stream, preventing such deleted signals from being part of the at least some of
the emitted signhls corresponding to the received data that are received by the first graphical

processing and outphyt system.

69. The system processing user input according to claim 64, further comprising an
additional output device, and\wherein in response to the at least some of the emitted signals, the
second graphical processing any output system generates additional output data for use by the

additional output device.

70. The system for processing usgr input according to claim 69, wherein the additional
output device and additional output data ars\selected from the group comprising: a visual output
device and visual data, an audio output deviceNand audio data, and a haptic feedback device and

haptic feedback data.

71. The system for processing user input according to claim 41, wherein the user input

device is configured to receive user input in at least one fogn selected from the group consisting

of: touch, multi-touch, pen, eye movement, eye tracking, in-ar gesture, audio, mouse, keyboard

and varying pressure.
72. A system for processing user input, comprising:
input device;
input processing unit;
high-latency subsystem;
low-latency subsystem implemented at least partially in hardware;

input processing unit software for generating signals in response to user inputs; and,
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output device;

wherein the low-latency subsystem receives the signals and generates at least one

low-latgncy output with low latency relative to the high-latency subsystem and the high-latency

the input device, the input processing unit, the high-latency subsystem, the
low-latency subsystsm, the input processing unit software and the output device being arranged

such that:

the low-latency Rrocessing subsystem operates independently of and parallel to the

high-latency processing subsystem; and

at least some of the Uger input signals are processed by both the low-latency
subsystem and the high-latency subsyStem, the low-latency subsystem outputting to the output
device a response to a given user input signal with low-latency and the high-latency subsystem

outputting to the output device a response to the given user input signal with high-latency.

73.  The system for processing user input clajmed in claim 72, wherein low-latency data
generated by the low-latency subsystem is gencrated by associating data corresponding to a
defined response to one or more of the at least some of ¥he signals in the at least a portion of the

stream of signals received by the low-latency subsystem.

74.  The system for processing user input claimed in claifg 72, wherein high-latency data

generated by the high-latency subsystem is generated by rendering.

75.  The system for processing user input according to claim 72, wherein high-latency data

generated by the high-latency subsystem and low-latency data generatéd by the low-latency

subsystem have substantially cqual fidelity.

76.  The system for processing user input according to claim 72, wherein hig
generated by the high-latency subsystem and low-latency data generated by the w-latency

subsystemn have unequal fidelity.

77. The system for processing user input according to claim 72, wherein the high-latehgy

subsystem generates high-latency data and the low-latency subsystem generates low-latency data,
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and wherein at least some of the high-latency data is of higher fidelity than the corresponding

w-latency data.

78. The system for processing user input according to claim 72, wherein the low-latency
subsystely is implemented, at least in part, in at least one selected from the group of field-

programmable gate array (FPGA), application-specific integrated circuit (ASIC), a

79. for processing user input according to claim 72, wherein the low-latency

subsystem is implementgd in logic integrated into an existing component of a computing system.

80. The system for processing user input according to claim 79, wherein the existing
component of the computing system comprises at least one selected from the group of a graphics
processing unit (GPU), input devics, controller, central processing unit (CPU), microcontroller, or

system on a chip (SoC).

81. The system for processing usek input according to claim 72, wherein high-latency
subsystem includes state information reflecting at least one state of the high-latency subsystem,

and the low-latency subsystem’s response is depengdent upon the state information.

82. The system for processing uscr input according to claim 72, wherein the low-latency

subsystem comprises user interface element logic.
83. The system for processing user input according to claim 82, further comprising:

Ul elements data containing data regarding the visualN\nierarchy and properties of

visible Ul elements; and

wherein the low-latency subsystem is adapted to performn hit testing based on

information in the Ul elements data.

84. The system for processing user input according.to claim 72, wherein theNow-latency
subsystem is adapted to delete onc or more of the signals from the stream, prevenhpg such
deleted signals from being part of the at least a portion of the stream of signals correspond

at least some of the received data that are received by the high-latency subsystem.
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85. The system for processing user input according to claim 72, wherein the at least a

ion of the stream of signals corresponding to the high-latency data differ from the at least a

87. for processing user input according to claim 72, further comprising an

additional output deviceyand wherein in response to one or more signals in the at least a portion
of the stream of signals, the low-latency subsystem generates additional output data for use by

the additional output device.

88. The system for processing user input according to claim 87, wherein the additional
output device and additional output data are selected from the group comprising: an audio output

device and audio data, and a haptic feedback device and haptic feedback data.

89. The system for processing user ingut according to claim 72, wherein a difference
between at least some of the low-latency data\that can affect the visualization of the user
interface and corresponding high-latency data thak can affect the visualization of the user

interface is perceptible to a user.

90. The system for processing user input according to\claim 72, wherein at least some of
the low-latency data that can affect the visualization of the user kterface and at least some of the
corresponding high-latency data that can affect the visualization oRthe user interface is blended

in a manner that is not noticeable by a user.

91. The system for processing user input according to claim 72, corfigured to provide a

low-latency system response in a form that is dictated by application logic.

92. The system for processing user input according to claim 91, wherein the\form of low-
latency system response comprises a response or set of responses selected from

consisting of: an auditory response, a visual response, and a haptic response.

93. The system for processing user input according to claim 72, configured to provide\a

low-latency system response in a form that is dictated by system logic.
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94. The system for processing user input according to claim 72, wherein the user input

vice comprises a direct-touch input device employing at least one of the technologies selected

from, the group consisting of: resistive, direct illumination, frustrated total-internal reflection,
diffuse\illumination, projected capacitive, capacitive coupling, acoustic wave, and sensor-in-

pixel.

95.

subsystem compihges at least one pre-rendered visual, and wherein the low-latency data

The\gystem for processing user input according to claim 73, wherein the low-latency

corresponds to one olmore of the at least one pre-rendered visual.

96.  The system for progessing user input according to claim 95, wherein the high-latency data

and the low-latency data havs unequal fidelity.

97. The system for processing user input according to claim 95, wherein the high-latency
subsystem includes state information reflecting at least one state of the high-latency subsystem,

and the low-latency subsystem’s responsg is dependent upon the state information.

98. The system for processing user ingut according to claim 95, further comprising:

Ul elements data containing data rejarding the visual hierarchy and properties of

visible Ul elements; and

wherein the low-latency subsystem is adapted to perform hit testing based on

information in the Ul elements data.

99. The system for processing user input according toclaim 95, wherein the emitted
signals are sent in a stream to the high- and low-latency subsystems, and the low-latency
subsystem is adapted to delete one or more of the emitted signals from the stream, preventing
such deleted signals from being part of the at least some of the emitted signals corresponding to

the received data that are received by the high-latency subsystem.

100. The system for processing user input according to claim 95, further\comprising an
additional output device, and wherein in response to the at least some of the emitted\signals, the

low-latency subsystem generates additional output data for use by the additional output device.

101. The system for processing user input according to claim 100, wherein the additignal

output device and additional output data are selected from the group comprising: a visual outp
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device and visual data, an audio output device and audio data, and a haptic feedback device and

haptid feedback data.

102.

device is configured to receive user input in at least one form selected from the group consisting

The system for processing user input according to claim 72, wherein the user input

of: touch, multiNpuch, pen, eye movement, eye tracking, in-air gesture, audio, mouse, keyboard

103. A system forprocessing user input, comprising:
input device;
input processing unit;

high-latency subsystem comprising software running in a software stack;

low-latency subsystem;

input processing unit software adaptsd to generate signals in response to user inputs;

and,
output device;

wherein the low-latency subsystem processes the\signals with low latency relative to
the high-latency subsystem and the high-latency subsystem progesses the user input events with

high latency relative to the low-latency subsystem;

wherein the low-latency subsystem receives the signals ang] generates at least one
low-latency output with low latency relative to the high-latency subsysters and the high-latency
subsystem processes at least some of the signals and generates at least one high-latency output

with high latency relative to the low-latency subsystem;

wherein the input device, the input processing unit, the high-latency subsystem, the
low-latency processing subsystem, the input processing unit software and the output device being

arranged such that:

the low-latency processing subsystem operates independently of and parallel to th

high-latency processing subsystem; and
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at least some of the user input signals are processed by both the low-latency
swbsystem and the high-latency subsystem, the low-latency subsystem outputting to the output
devixe a response to a given user input signal with low-latency and the high-latency subsystem

outputting to the output device a response to the given user input signal with high-latency.

104.
generated by

e system for processing user input claimed in claim 103, wherein low-latency data
¢ low-latency subsystem is generated by associating data corresponding to a
defined response iq one or more of the at least some of the signals in the at least a portion of the

stream of signals recéived by the low-latency subsystem.

105. The system fo

generated by the high-latenc\subsystem is generated by rendering.

rocessing user input claimed in claim 103, wherein high-latency data

106. The system for procesging user input according to claim 103, wherein high-latency
data generated by the high-latency stbsystem and low-latency data generated by the low-latency

subsystem have substantially equal fideh

107. The system for processing user put according to claim 103, wherein high-latency
data generated by the high-latency subsystem ahd low-latency data generated by the low-latency

subsystem have unequal fidelity.

108. The system for processing user input accogding to claim 103, wherein the high-
latency subsystem generates high-latency data and the law-latency subsystem generates low-
latency data, and wherein at least some of the high-latency\data is of higher fidelity than the

corresponding low-latency data.

109. The system for processing user input according to claim 183, wherein the low-latency

subsystem is implemented, at least in part, in at least one selected from the group of field-
programmable gate array (FPGA), application-specific integrated \circuit (ASIC), a

microcontroller, a graphics processing unit (GPU), or a system on a chip (SoC)

110. The system for processing user input according to claim 103, wherein ths low-latency

subsystem is implemented in logic integrated into an existing component of a computing system.

111, The system for processing user input according to claim 110, wherein the existing

component of the computing system comprises at least one selected from the group of a graphics
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rocessing unit (GPU), input device controller, central processing unit (CPU), microcontroller, or

subsystem comprises\yser interface element logic.

114, The system for\processing user input according to claim 113, further comprising:

Ul elements data cqntaining data regarding the visual hierarchy and properties of

visible Ul elements; and

wherein the low-latency Sybsystem is adapted to perform hit testing based on

information in the Ul elements data.

115. The system for processing user inpt{ according to claim 103, wherein the low-latency
subsystemn 1s adapted to delete one or more of \he signals from the stream, preventing such
deleted signals from being part of the at least a portisn of the stream of signals corresponding to

at least some of the received data that are received by thahigh-latency subsystem.

116. The system for processing user input according ¥ claim 103, wherein the at least a
portion of the stream of signals corresponding to the high-latengy data differ from the at least a

portion of signals corresponding to the low-latency data.

117. The system for processing user input according to claim 103\wherein the low-latency

subsystem outputs the generated low-latency data for use by the display within 5 ms of receiving

a corresponding emitted signal.

118, The system for processing user input according to claim 103, further Spmprising an
additional output device, and wherein in response to one or more signals in the at lea¥t a portion
of the stream of signals, the low-latency subsystem generates additional output data fohuse by

the additional output device.




119. The system for processing user input according to claim 103, wherein the additional
ut device and additional output data are selected from the group comprising: an audio output

and audio data, and a haptic feedback device and haptic feedback data.

The system for processing user input according to claim 103, wherein a difference
between at Isast some of the low-latency data that can affect the visualization of the user
interface and cyyresponding high-latency data that can affect the visualization of the user

interface is perceptiyle to a user.

121. The system oy processing user input according to claim 103, wherein at least some of
the low-latency data that can affect the visualization of the user interface and at least some of the
corresponding high-latency data that can affect the visualization of the user interface is blended

in a manner that is not noticeable %y a user.

122. The system for processing hger input according to claim 103, configured to provide a

low-latency system response in a form thatis dictated by application logic.

123. The system for processing user ingut according to claim 122, whercin the form of
low-latency system response comprises a responsg or set of responses selected from the group

consisting of: an auditory response, a visual response)\and a haptic response.

124, The system for processing user input according to claim 103, configured to provide a

low-latency system response in a form that is dictated by system logic.

125. The system for processing user input according to claim 103, wherein the user input
device comprises a direct-touch input device employing at least one'of the technologies selected
from the group consisting of: resistive, direct illumination, frustrated\total-internal reflection,
diffuse illumination, projected capacitive, capacitive coupling, acoustic wave, and sensor-in-

pixel.

126. The system for processing user input according to claim 104, wherein the low-latency
subsystem comprises at least one pre-rendered visual, and wherein the low-latency data

corresponds to one or more of the at least one pre-rendered visual.

127. The system for processing user input according to claim 126, wherein the hi

latency data and the low-latency data have unequal fidelity.
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8. The system for processing user input according to claim 126, wherein the high-
laténcy subsystem includes state information reflecting at least one state of the high-latency

subsystgm, and the low-latency subsystem’s response is dependent upon the state information.

129, he system for processing user input according to claim 126, further comprising:

Ul elements data containing data regarding the visual hierarchy and properties of

visible Ul elementsy and

wherein the low-latency subsystem is adapted to perform hit testing based on

information in the UI elemdnts data.

130. The system for prodgssing user input according to claim 126, wherein the emitted

signals are sent in a stream to ¥e high- and low-latency subsystems, and the low-latency
subsystem is adapted to delete one ox more of the emitted signals from the stream, preventing
such deleted signals from being part of the at least some of the emitted signals corresponding to

the received data that are received by the high-latency subsystem.

131. The system for processing user inpu accbrding to claim 126, further comprising an
additional output device, and wherein in response to, the at least some of the emitted signals, the

low-latency subsystem generates additional output data\for use by the additional output device.

132, The system for processing user input accordingMo claim 131, wherein the additional
output device and additional output data are selected from the'group comprising: a visual output
device and visual data, an audio output device and audio data, any a haptic feedback device and

haptic feedback data.

133. The system for processing user input according to claim 103, \wherein the user input
device is configured to receive user input in at least one form selected from the group consisting
of: touch, multi-touch, pen, ecye movement, cye tracking, in-air gesture, audio, ynouse, keyboard

and varying pressure.
134. A system for processing user input, comprising:

input subsystem including an input device, the subsystem adapted to output signals in
response to a plurality of user inputs to the input device, the signals comprising informati

concerning the input;

S
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low-latency subsystem adapted to receive the signals and to generate a low-latency

sponse in response to one or more of the signals, and to send at least one of the signals to a

the high-latency subsystem adapted to receive the at least one of the signals, and to
generate a Righ-latency response in response to one or more of the at least one of the signals;

and,

output dgvice operatively connected to the low-latency subsystem and the high-
latency subsystem, the\gutput device configured to blend the low-latency response and the high

latency response;

wherein the low-latency subsystem generates the low-latency response with low
latency relative to the high-latencih\subsystem and the high-latency subsystem generates the high-

latency response with high latency relative to the low-latency subsystem.

135. The system for processing uset\nput claimed in claim 134, wherein low-latency data
generated by the low-latency subsystem is ‘generated by associating data corresponding to a
defined response to one or more of the at least shme of the signals in the at least a portion of the

stream of signals received by the low-latency subsystem.

136. The system for processing user input claimed\n claim 134, wherein high-latency data

generated by the high-latency subsystem is generated by rendering.

137. The system for processing user input according to claim 134, wherein high-latency
data generated by the high-latency subsystem and low-latency data generated by the low-latency

subsystem have substantially equal fidelity.

138. The system for processing user input according to claim 134, Wherein high-latency

data gencrated by the high-latency subsystem and low-latency data gencrated by the low-latency

subsystem have unequal fidelity.

139. The system for processing user input according to claim 134, wherein
latency subsystem generates high-latency data and the low-latency subsystem generates, low-
latency data, and wherein at least some of the high-latency data is of higher fidelity than

corresponding low-latency data,

1
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The system for processing user input according to claim 134, wherein the low-latency

programmable gate array (FPGA), application-specific integrated circuit (ASIC), a
troller, a graphics processing unit (GPU), or a system on a chip (SoC).

component of the compyting system comprises at least one selected from the group of a graphics
processing unit (GPU), inpyt device controller, central processing unit (CPU), microcontroller, or

system on a chip (SoC).

143. The system for procedsing user input according to claim 134, wherein the high-
latency subsystem includes state infqrmation reflecting at least one state of the high-latency

subsystem, and the low-latency subsysteiln’s response is dependent upon the state information.

144, The system for processing user inpyt according to claim 134, wherein the low-latency

subsystem comprises user interface element logi

145. The system for processing uscr input accotding to claim 144, further comprising:

Ul elements data containing data regarding the visual hierarchy and properties of

visible Ul elements; and

wherein the low-latency subsystem is adapted to perform hit testing based on

information in the UT elements data.

146. The system for processing user input according to claim 134, wherein the low-latency
subsystem is adapted to delete one or more of the signals from the strea
deleted signals from being part of the at least a portion of the stream of signals ¢Qrresponding to

at least some of the received data that are received by the low-latency subsystem.

147. The system for processing user input according to claim 134, wherein the at least a
portion of the stream of signals corresponding to the high-latency data differ from the at Icest a

portion of signals corresponding to the low-latency data.

i
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the additional outpiy device.

150. The system fqr processing user input according to claim 149, wherein the additional
output device and addition® output data are selected from the group comprising: an audio output

device and audio data, and a haptic feedback device and haptic feedback data.

151. The system for processing user input according to claim 134, wherein a difference
between at least some of the low-latency data that can affect the visualization of the user
interface and corresponding high-latendy data that can affect the visualization of the user

interface is perceptible to a user,

152. The system for processing user input dgcording to claim 134, wherein at least some of
the low-latency data that can affect the visualizatiom\of the user interface and at least some of the
corresponding high-latency data that can affect the visyalization of the user interface is blended

in a manner that is not noticeable by a user.

153. The system for processing user input according to ®laim 134, configured to provide a

low-latency system response in a form that is dictated by applicatiyn logic.

154, The system for processing user input according to claim N 53, wherein the form of
low-latency system response comprises a response or set of responses sglected from the group

consisting of: an auditory response, a visual response, and a haptic response.

155. The system for processing user input according to claim 134, configuted to provide a

low-latency system response in a form that is dictated by system logic.

156. The system for processing user input according to claim 134, wherein the usgr input
device comprises a direct-touch input device employing at least one of the technologies selected

from the group consisting of: resistive, direct illumination, frustrated total-internal reflectio

40}
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diffuse illumination, projected capacitive, capacitive coupling, acoustic wave, and sensor-in-

The system for processing user input according to claim 135, wherein the low-latency
subsystemy comprises at least one pre-rendered visual, and wherein the low-latency data

corresponds tq one or more of the at least one pre-rendered visual.

158. The system for processing user input according to claim 157, wherein the high-

latency data and the PFsw-latency data have unequal fidelity.

159. The system fox processing user input according to claim 157, wherein the high-
latency subsystem includes Mate information reflecting at least one state of the high-latency

subsystem, and the low-latency sybsystem’s response is dependent upon the state information.
160. The system for processing'yser input according to claim 157, further comprising:

UI elements data containing deta regarding the visual hierarchy and properties of

visible Ul elements; and

wherein the low-latency subsystem 15 adapted to perforrn hit testing based on

information in the Ul elements data.

161. The system for processing user input according to claim 157, wherein the emitted
signals are sent in a stream to the high- and low-latency\subsystems, and the low-latency
subsystem is adapted to delete one or more of the emitted signils from the stream, preventing
such deleted signals from being part of the at least some of the emiMed signals corresponding to

the received data that are received by the high-latency subsystem.

162, The system for processing user input according to claim 157, fuxther comprising an

additional output device, and wherein in response to the at least some of the emitted signals, the

low-latency subsystem generates additional output data for use by the additional output device.

163. The system for processing user input according to claim 162, wherein the additional
output device and additional output data are selected from the group comprising: a visual
device and visual data, an audio output device and audio data, and a haptic feedback device and

haptic feedback data.

L% |
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164. The system for processing user input according to claim 134, wherein the user input
vice is configured to receive user input in at least one form selected from the group consisting

of: teuch, multi-touch, pen, eye movement, eye tracking, in-air gesture, audio, mouse, keyboard

an inpiy device;
an input proggssing unit;

a high-latency subgystem;
a low-latency subsyste

input processing unit software adapted to generate signals in response to user inputs;

and,
output device;

wherein the low-latency subsystem procadgses a plurality of signals with low latency
relative to the high-latency subsystem and the high-latengy subsystem processes a plurality of the

signals with high latency relative to the low-latency subsystem;

wherein the input device, the input processing unit,\the high-latency subsystem, the
low-latency processing subsystem, the input processing unit softwarg and the output device being

arranged such that:

at least some of the signals are processed in parallel by said low-latency subsystem

and said high-latency subsystem, the low-latency subsystem creating a prograynmable response
for output on the output device with low-latency and the high-latency subsystem creating a

response for output on the output device with high-latency; and

the output device outputting the response from the low-latency subsystem a

response from the high-latency subsystem when the responses are output thereto.

166. The system for processing user input claimed in claim 165, wherein low-latency data

generated by the low-latency subsystem is generated by associating data corresponding to a

e
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defined response to one or more of the at least some of the signals in the at least a portion of the

stream of signals received by the low-latency subsystem,

167 The system for processing user input claimed in claim 165, wherein high-latency data

generatsd by the high-latency subsystem is generated by rendering.

168. e system for processing user input according to claim 165, wherein high-latency
data generated by the high-latency subsystem and low-latency data generated by the low-latency

subsystem have substantially equal fidelity.

169. The system Yor processing user input according to claim 165, wherein high-latency
data generated by the highMatency subsystem and low-latency data generated by the low-latency

subsystem have unequal fidel

170. The system for procesding user input according to claim 165, wherein the high-
latency subsystem generates high-lategcy data and the low-latency subsystem generates low-
latency data, and wherein at least some\of the high-latency data is of higher fidelity than the

corresponding low-latency data.

171. The system for processing user input asgording to claim 165, wherein the low-latency
subsystem is implemented, at least in part, in at ldast onc sclected from the group of field-
programmable gate array (FPGA), application-spscific integrated circuit (ASIC), a

microcontroller, a graphics processing unit (GPU), or a systdm on a chip (SoC).

172. The system for processing user input according to clain 165, wherein the low-latency

subsystem is implemented in logic integrated into an existing compdyent of a computing system.

173. The system for processing user input according to claim 16§, wherein the existing
component of the computing system comprises at least one selected from thy group of a graphics
processing unit (GPU), input device controller, central processing unit (CPU), thicrocontroller, or

system on a chip (SoC).

subsystem, and the low-latency subsystem is dependent upon the state information.
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75. The system for processing user input according to claim 165, wherein the low-latency

subgystem comprises user interface element logic.

176. The system for processing user input according to claim 175, further comprising:

clements data containing data regarding the visual hierarchy and properties of

visible Ul elémysnts; and

wherein the low-latency subsystem is adapted to perform hit testing based on

information in the Ul elements data.

177. The system for processing user input according to claim 163, wherein the low-latency
subsystem is adapted to deletd one or more of the signals from the stream, preventing such
deleted signals from being part of'the at least a portion of the stream of signals corresponding to

at least some of the received data that\are received by the high-latency subsystem.

178. The system for processing usex input according to claim 165, wherein the at [east a
portion of the stream of signals corresponding to the high-latency data differ from the at least a

portion of signals corresponding to the low-latenky data.

179. The system for processing user input accoxding to claim 165, wherein the low-latency
subsystem outputs the generated low-latency data for usy by the display within 5 ms of receiving

a corresponding emitted signal.

180. The system for processing user input according to Mlaim 165, further comprising an
additional output device, and wherein in response to one or more signals in the at least a portion
of the stream of signals, the low-latency subsystem generates additiogal output data for use by

the additional output device.

181. The system for processing user input according to claim 180, whegein the additional
output device and additional output data are selected from the group comprising:\an audio output

device and audio data, and a haptic feedback device and haptic feedback data.

182. The system for processing user input according to claim 165, wherein a difference
between at least some of the low-latency data that can affect the visualization of the\user
interface and corresponding high-latency data that can affect the visualization of the usgr

interface is perceptible to a user.
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83. The system for processing user input according to claim 165, wherein at least some of
theNow-latency data that can affect the visualization of the user interface and at least some of the
corresponding high-latency data that can affect the visualization of the user interface is blended

in a manngr that is not noticeable by a user.

184. The system for processing user input according to claim 165, configured to provide a

low-latency systdm response in a form that is dictated by application logic.

185. The systetq for processing user input according to claim 184, wherein the form of
low-latency system response comprises a response or set of responses selected from the group

consisting of: an auditory régponse, a visual response, and a haptic response.

186. The system for procegsing user input according to claim 165, configured to provide a

low-latency system response in a fogm that is dictated by system logic.

187. The system for processing user input according to claim 165, wherein the user input
device comprises a direct-touch input devige employing at least one of the technologies selected
from the group consisting of: resistive, diregt illumination, frustrated total-internal reflection,
diffuse illumination, projected capacitive, capaxitive coupling, acoustic wave, and sensor-in-

pixel.

188. The system for processing user input accordihg to claim 165, wherein the low-latency
subsystem comprises at least one pre-rendered visual,\and wherein the low-latency data

corresponds to one or more of the at least one pre-rendered viswal.

189. The system for processing user input according to claim 788, wherein the high-latency

data and the low-latency data have unequal fidelity.

190. The system for processing user input according to claim 188, wherein the high-
latency subsystem includes state information reflecting at least onc statc af the high-latency

subsystem, and the low-latency subsystem’s response is dependent upon the state\nformation.
191. The system for processing user input according to claim 188, further comp¥jsing:

Ul elements data containing data regarding the visual hierarchy and propeNjes of

visible Ul elements; and

h
i



WO-201-H055942 PCTUS2013/063569

wherein the low-latency subsystem is adapted to perform hit testing based on

wformation in the Ul elements data.

such deleted sijnals from being part of the at least some of the emitted signals corresponding to

the received data that are received by the high-latency subsystem.,

193. The system or processing user input according to claim 188, further comprising an
additional output device, ard wherein in response to the at least some of the emitted signals, the

low-latency subsystem generates additional output data for use by the additional output device.

194, The system for processkg user input according to claim 193, wherein the additional
output device and additional output data are selected from the group comprising: a visual output
device and visual data, an audio output device and audio data, and a haptic feedback device and

haptic feedback data.

195. The system for processing user input according to claim 165, wherein the user input
device is configured to receive user input in at least yne form selected from the group consisting
of: touch, multi-touch, pen, eye movement, eye trackiny, in-air gesture, audio, mouse, keyboard

and varying pressure.
196. A systemn for processing user input with low latency,
3
an input device;
output device;
an input processing unit;

input processing unit software adapted to generate signals in response to iger inputs;

a high-latency response subsystem adapted to create a high-latency respon

lcast some of the signals;




low-latendy response;

whegein the low-latency response is not of higher latency than the high-latency
response, and the\high-latency response is not of lower latency than the low-latency response

with respect to co n signals;

wherein the ingut device, output device, the input processing unit, input processing
unit software, the high-latendy response subsystem and the low-latency response subsystem are

arranged such that:

the user input signals are processed in parallel by said low-latency subsystem and said

high-latency subsystem;
the output device outputs the low-Yatency response and the high-latency response; and

wherein application software can alterhe one or more parameters affecting the low-

latency response.

197. The system for processing user input claimed g claim 196, wherein low-latency data
generated by the low-latency subsystem is generated by associating data corresponding to a
defined response to one or more of the at least some of the signas in the at least a portion of the

stream of signals received by the low-latency subsystem.

198. The system for processing user input claimed in claim 196, wherein high-latency data

generated by the high-latency subsystem is generated by rendering.

199. The system for processing user input according to claim 196, whekein high-latency
data generated by the high-latency subsystem and low-latency data generated by the low-latency
subsystem have substantially equal fidelity.

200. The system for processing user input according to claim 196, wherein high-iaency
data generated by the high-latency subsystem and low-latency data generated by the low-latengy

subsystem have unequal fidelity.




programmable gat¢ array (FPGA), application-specific integrated circuit (ASIC), a

microcontroller, a grapkics processing unit (GPU), or a system on a chip (SoC).

203. The system for processing user input according to claim 196, wherein the low-latency

subsystem is implemented in ldgic integrated into an existing component of a computing system.

204. The system for processiug user input according to claim 196, wherein the existing
component of the computing system cymprises at least one selected from the group of a graphics
processing unit (GPU), input device contrgller, central processing unit (CPU), microcontroller, or

system on a chip (SoC).

205. The system for processing user inptt according to claim 196, wherein the high-
latency subsystem includes state information reflesting at least one state of the high-latency

subsystem, and the low-latency subsystem’s response is\dependent upon the state information.

206. The system for processing user input according t&, claim 196, wherein the low-latency

subsystem comprises user interface element logic.
207. The system for processing user input according to claim 306, further comprising:

Ul elements data containing data regarding the visual hiersychy and properties of

visible Ul elements; and

wherein the low-latency subsystem is adapted to perform hit tégting based on

information in the Ul elements data.

208. The system for processing user input according to claim 196, wherein the lowklatency
subsystem is adapted to delete one or more of the signals from the stream, preventing\such
deleted signals from being part of the at least a portion of the stream of signals correspondingNo

at least some of the received data that are received by the high-latency subsystem.
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09. The system for processing user input according to claim 196, wherein the at least a
portion of the stream of signals corresponding to the high-latency data differ from the at least a

portioh, of signals corresponding to the low-latency data.

210. he system for processing user input according to claim 196, wherein the low-latency

subsystem oututs the generated low-latency data for use by the display within 5 ms of receiving

211.

212.
output device and additional output data are selected from the group comprising: an audio cutput

device and audio data, and a haptic feedbadk device and haptic feedback data.

213, The system for processing user inpyt according to claim 196, wherein a difference
between at least some of the low-latency data \that can affect the visualization of the user
interface and corresponding high-latency data that\can affect the visualization of the user

interface is perceptible to a user.

214. The system for processing user input according to'glaim 196, wherein at least some of
the low-latency data that can affect the visualization of the user igterface and at least some of the
corresponding high-latency data that can affect the visualization oNthe user interface is blended

in a manner that is not noticeable by a user.

215. The system for processing user input according to claim 196, coqfigured to provide a

low-latency system response in a form that is dictated by application logic.

216. The system for processing user input according to claim 215, whereih, the form of
low-latency system response comprises a response or set of responses selected from\the group

consisting of: an auditory response, a visual response, and a haptic response.

217. The system for processing user input according to claim 196, configured to provi

low-latency system response in a form that is dictated by system logic.
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218. The system for processing user input according to claim 196, wherein the user iﬁpuf J
vice comprises a direct-touch input device employing at least one of the technologies selected

fromy the group consisting of: resistive, direct illumination, frustrated total-internal reflection,
diffuse \llumination, projected capacitive, capacitive coupling, acoustic wave, and sensor-in-

pixel.

219.

subsystem comprisgs at least one pre-rendered visual, and wherein the low-latency data

stem for processing user input according to claim 196, wherein the low-latency

corresponds to one or xore of the at least one pre-rendered visual.

220. The system for\processing user input according to claim 219, wherein the high-

latency data and the low-latenoy data have unequal fidelity.

221. The system for procesdng user input according to claim 219, wherein the high-

latency subsystem includes state infoxmation reflecting at least one state of the high-latency

3

subsystem, and the low-latency subsystenNs response is dependent upon the state information.

222, The system for processing user input according to claim 219, further comprising:

Ul clements data containing data regarding the visual hierarchy and properties of

visible Ul elements; and

wherein the low-latency subsystem is adaptet to perform hit testing based on

information in the Ul elements data.

223. The system for processing user input according to clatdq 219, wherein the emitted
signals are sent in a stream to the high- and low-latency subsysteks, and the low-latency
subsystem is adapted to delete one or more of the emitted signals from e stream, preventing
such deleted signals from being part of the at least some of the emitted signal§ corresponding to

the received data that arc received by the high-latency subsystem.

224, The system for processing user input according to claim 219, further co
additional output device, and wherein in response to the at least some of the emitted si

low-latency subsystem generates additional output data for use by the additional output devi

225, The system for processing user input according to claim 224, wherein the additional

output device and additional output data are selected from the group comprising: a visual output

F-tal
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device and visual data, an audio output device and audio data, and a haptic feedback device and
haptic feedback data.

226. The system for processing user input according to claim 196, wherein the user input
device is\configured to receive user input in at least one form selected from the group consisting
of: touch, mylti-touch, pen, eye movement, eye tracking, in-air gesture, audio, mouse, keyboard

and varying prsgsure.




What is claimed is:
1. A system for processing user input with low latency, comprising:
an input device;
an input processing unit;
a high-latency subsystem,;
a low-latency subsystem,;

input processing unit software adapted to generate signals in response to user

inputs; and,
output device;

wherein the low-latency subsystem processes a plurality of signals with low
latency relative to the high-latency subsystem and the high-latency subsystem processes

a plurality of the signals with high latency relative to the low-latency subsystem;

wherein the input device, the input processing unit, the high-latency
subsystem, the low-latency processing subsystem, the input processing unit software

and the output device being arranged such that:

at least some of the signals are processed in parallel by said low-latency
subsystem and said high-latency subsystem, the low-latency subsystem creating a
programmable response for output on the output device with low-latency and the high-
latency subsystem creating a response for output on the output device with high-latency;

and

the output device outputting the response from the low-latency subsystem

and the response from the high-latency subsystem when the responses are output thereto.

2. The system for processing user input claimed in claim 1, wherein low-
latency data generated by the low-latency subsystem is generated by associating data
corresponding to a defined response to one or more of the at least some of the signals in

the at least a portion of the stream of signals received by the low-latency subsystem.

27



3. The system for processing user input according to claim 1, wherein high-
latency data generated by the high-latency subsystem and low-latency data generated
by the low-latency subsystem have substantially equal fidelity.

4. The system for processing user input according to claim 1, wherein high-
latency data generated by the high-latency subsystem and low-latency data generated

by the low-latency subsystem have unequal fidelity.

5. The system for processing user input according to claim 1, wherein the low-
latency subsystem is implemented, at least in paft, in at least one selected from the group
of field-programmable gate array (FPGA), application-specific integrated circuit
{ASIC), a microcontroller, a graphics processing unit (GPU), or a system on a chip
(SoC).

6. The system for processing user input according to claim 1, wherein the low-
latency subsystem is implemented in logic integrated into an existing component of a

computing system.

7. The system for processing user input according to claim 6, wherein the
existing component of the computing system comprises at least one selected from the
group of a graphics processing unit (GPU), input device controller, central processing

unit (CPU), microcontroller, or system on a chip (SoC).

8. The system for processing user input according to claim 1, wherein the high-
latency subsystem includes state information reflecting at least one state of the high-
latency subsystem, and the low-latency subsystem is dependent upon the state

information.

9. The system for processing user input according to claim 8, wherein data
passed from the first graphical processing and output system to the second graphical
processing and output system is comprised of one or more pieces of data describing one
or more of the graphical elements in the user interface, and wherein the data passed is
selected from the group consisting of: the size, the location, the appearance, alternative
appearances, response to user input, and the type of graphical elements in the user

interface.
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10. The system for processing user input according to claim 8, wherein data
passed from the first graphical processing and output system to the second graphical
processing and output system describes appearance or behavior of a button, a slider, a
draggable or resizable GUI element, a scrollable list, a spinner, a drop-down list, a menu,
a toolbar, a combo box, a movable icon, a fixed icon, a tree view, a grid view, a scroll

bar, a scrollable window, or a user interface element.

11, The system for processing user input according to claim 1, wherein the low-

latency subsystem comprises user interface element logic.

12. The system for processing user input according to claim 11, further

comprising:

Ul elements data containing data regarding the visual hierarchy and

properties of visible Ul elements; and

wherein the low-latency subsystem is adapted to perform hit testing based

on information in the Ul elements data.

13. The system for processing user input according to claim 1, wherein the low-
latency subsystem is adapted to delete one or more of the signals from the stream,
preventing such deleted signals from being part of the at least a portion of the stream of
signals corresponding to at least some of the received data that are received by the high-

latency subsystem.

14, The system for processing user input according to claim 13, wherein the
input processing system performs decimation on user input signals before they are

received by one or both of the first or second graphical processing and output systems.

15. The system for processing user input according to claim 1, wherein the at
least a portion of the stream of signals corresponding to the high-latency data differ from

the at least a portion of signals corresponding to the low-latency data.
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16. The system for processing user input according to claim 1, wherein the at
least some of the emitted signals corresponding to the high-latency data for use by the
display differ from the at least some of the emitted signals corresponding to the low-

latency data.

17. The system for processing user input according to claim 1, wherein user
input signals received by the first and second graphical processing and output systems

have been differentially processed.

18. The system for processing user input according to claim 1, further
comprising an additional output device, and wherein in response to one or more signals
in the at least a portion of the stream of signals, the low-latency subsystem generates

additional output data for use by the additional output device.

19. The system for processing user input according to claim 18, wherein the
additional output device and additional output data are selected from the group
comprising: an audio output device and audio data, and a haptic feedback device and

haptic feedback data.

20. The system for processing user input according to claim 1, wherein at least
some of the low-latency data that can affect the visualization of the user interface and at
least some of the corresponding high-latency data that can affect the visualization of the

user interface is blended in a manner that is not noticeable by a user.

21. The system for processing user input according to claim 1, configured to

provide a low-latency system response in a form that is dictated by application logic.

22. The system for processing user input according to claim 1, configured to

provide a low-latency system response in a form that is dictated by system logic.

23. The system for processing user input according to claim 1, wherein the form
of low-latency system response comprises a response or set of responses selected from

the group consisting of: an auditory response, a visual response, and a haptic response.
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24, The system for processing user input according to claim 1, wherein the user
input device comprises a direct-touch input device employing at least one of the
technologies selected from the group consisting of: resistive, direct illumination,
frustrated total-internal reflection, diffuse illumination, projected capacitive, capacitive

coupling, acoustic wave, and sensor-in-pixel.

25. The system for processing user input according to claim 2, wherein the low-
latency subsystem comprises at least one pre-rendered visual, and wherein the low-

latency data corresponds to one or more of the at least one pre-rendered visual.

26.  The system for processing user input according to claim 25, wherein the high-

latency data and the low-latency data have unequal fidelity.

27. The system for processing user input according to claim 25, wherein the
high-latency subsystem includes state information reflecting at least one state of the
high-latency subsystem, and the low-latency subsystem’s response is dependent upon

the state information.

28. The system for processing user input according to claim 27, wherein data
passed from the first graphical processing and output system to the second graphical
processing and output system is comprised of one or more pieces of data describing one
or more of the graphical elements in the user interface, and wherein the data passed is
selected from the group consisting of: the size, the location, the appearance, alternative
appearances, response to user input, and the type of graphical elements in the user

interface.

29. The system for processing user input according to claim 27, wherein data
passed from the first graphical processing and output system to the second graphical
processing and output system describes appearance or behavior of a button, a slider, a
draggable or resizable GUI element, a scrollable list, a spinner, a drop-down list, a menu,
a toolbar, a combo box, a movable icon, a fixed icon, a tree view, a grid view, a scroll

bar, a scrollable window, or a user interface element.
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30. - The system for processing user input according to claim 25, further

comprising:

Ul elements data containing data regarding the visual hierarchy and

properties of visible Ul elements; and

wherein the low-latency subsystem is adapted to perform hit testing based

on information in the Ul elements data.

31. The system for processing user input according to claim 25, wherein the
emitted signals are sent in a stream to the high~ and low-latency subsystems, and the
low-latency subsystem is adapted to delete one or more of the emitted signals from the
stream, preventing such deleted signals from being part of the at least some of the
emitted signals corresponding to the received data that are received by the high-latency

subsystem.

32. The system for processing user input according to claim 25, further
comprising an additional output device, and wherein in response to the at least some of
the emitted signals, the low-latency subsystem generates additional output data for use

by the additional output device.

33. The system for processing user input according to claim 32, wherein the
additional output device and additional output data are selected from the group
comprising: a visual output device and visual data, an audio output device and audio

data, and a haptic feedback device and haptic feedback data.

34. The system for processing user input according to claim 1, wherein the user
mput device is configured to receive user input in at least one form selected from the
group consisting of: touch, multi-touch, pen, eye movement, eye tracking, in-air gesture,
audio, mouse, keyboard, an input from a 2D sensor, an input from a 3D sensor, and

varying pressure.
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35. The system for processing user input according to claim 1, wherein high-
and low-latency visualizations are combined on a single display by at least one of:
overlapping two projected images, logically combining the visualizations in a display
buffer, overlapping two transparent layers each capable of displaying one of the high-
and low-latency visualizations, interlacing pixels of the display such that some are filled
from the low-latency visualizations and some are filled from the high-latency
visualizations, or interlacing the frames of the display such that some are filled from the

low-latency visualizations and some are filled from the high-latency visualizations.
36. The system for processing user input according to claim 1, wherein:

the input device is part of an input subsystem, the subsystem adapted to
output signals in response to a plurality of user inputs to the input device, the signals

comprising information concerning the input; and,

the low-latency subsystem is adapted to receive the signals and to generate
a low-latency response in response to one or more of the signals, and to send at least

one of the signals to a high-latency subsystem.
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