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function in response to one of a one-dimensional pinch touch gesture and a one-dimensional spread touch gesture. The one-dimen-
sional zoom adjustment function increases or reduces a displayed range of values in a first dimension while maintaining unchanged a
displayed range of values in a second dimension of the displayed graphical representation.



10

15

20

25

30

WO 2014/120201

ELECTRONIC DEVICE WITH TOUCH GESTURE ADJUSTMENT OF A
GRAPHICAL REPRESENTATION

Background

Handheld electronic devices, such as calculators, have limited display
screen sizes, which can result in difficulty reading graphical representations of
datasets displayed on such screens. For example, in the event a large graphical
dataset is displayed on a small display screen, the dataset may be scaled to fit

thereon, sometimes making the graphical representation difficult to read.

Brief Description of the Drawings

Figure 1 is a diagram illustrating an electronic device displaying a
graphical representation of a dataset according to one implementation.

Figure 2 is a block diagram illustrating elements of the electronic device
shown in Figure 1 according to one implementation.

Figure 3 is a diagram illustrating a horizontal spread gesture to perform a
horizontal zooming in on a graph according to one implementation.

Figure 4 is a diagram illustrating a horizontally zoomed in view of the
graph shown in Figure 3 after a user has performed a horizontal spread gesture
according to one implementation.

Figure 5 is a diagram illustrating a horizontal spread gesture to perform a

horizontal zooming in on a graph according to another implementation.

PCT/US2013/024125
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Figure 6 is a diagram illustrating a horizontally zoomed in view of the
graph shown in Figure 5 after a user has performed a horizontal spread gesture
according to one implementation.

Figure 7 is a diagram illustrating a vertical spread gesture to perform a
vertical zooming in on a graph according to one implementation.

Figure 8 is a diagram illustrating a vertically zoomed in view of the graph
shown in Figure 7 after a user has performed a vertical spread gesture
according to one implementation.

Figure 9 is a diagram illustrating a horizontal pinch gesture to perform a
horizontal zooming out on a graph according to one implementation.

Figure 10 is a diagram illustrating a horizontally zoomed out view of the
graph shown in Figure 9 after a user has performed a horizontal pinch gesture
according to one implementation.

Figure 11 is a diagram illustrating a diagonal spread gesture to perform a
vertical and horizontal zooming in (square diagonal zooming in) on a graph
according to one implementation.

Figure 12 is a diagram illustrating a vertically and horizontally zoomed in
view of the graph shown in Figure11 after a user has performed a diagonal
spread gesture according to one implementation.

Figure 13 is a diagram illustrating a diagonal spread gesture to perform a
vertical and horizontal zooming in (square diagonal zooming in) on a graph
according to another implementation.

Figure 14 is a diagram illustrating a vertically and horizontally zoomed in
view of the graph shown in Figure 13 after a user has performed a diagonal
spread gesture according to one implementation.

Figure 15 is a diagram illustrating a vertical spread gesture to perform a
zooming in on a table of values according to one implementation.

Figure 16 is a diagram illustrating a zoomed in view of the table shown in
Figure 15 after a user has performed a vertical spread gesture according to one
implementation.

Figure 17 is a diagram illustrating a vertical pinch gesture to perform a

zooming out on a table of values according to one implementation.

PCT/US2013/024125
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Figure 18 is a diagram illustrating a zoomed out view of the table shown
in Figure 17 after a user has performed a vertical pinch gesture according to

one implementation.

Detailed Description

In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way
of illustration specific embodiments in which the disclosure may be practiced. In
this regard, directional terminology, such as “top,” “bottom,” “front,” “back,”

” G

‘leading,” “trailing,” etc., is used with reference to the orientation of the Figure(s)
being described. Because components of embodiments can be positioned in a
number of different orientations, the directional terminology is used for purposes
of illustration and is in no way limiting. It is to be understood that other
embodiments may be utilized and structural or logical changes may be made
without departing from the scope of the present disclosure. The following
detailed description, therefore, is not to be taken in a limiting sense, and the
scope of the present disclosure is defined by the appended claims. Itis to be
understood that features of the various embodiments described herein may be
combined with each other, unless specifically noted otherwise.

One implementation is directed to an electronic device that allows a user
to zoom out and in on mathematical representations, such as graphs (e.g., a
graph of a mathematical relationship in two or three variables) and tables of
function values, using pinch, and spread (i.e., a reverse pinch or un-pinch),
touch gestures on a touch-sensitive display screen. Pinch and spread touch
gestures have been used to zoom out and in, respectively, on maps and text in
software applications and web browsers. But these zooms are typically square
(i.e., horizontal and vertical zoom factors are the same). For mathematical
representations such as graphs of functions, however, it is often useful to zoom
in only in one dimension, such as only horizontally (keeping the displayed range
or domain of y-values the same) or only vertically (keeping the displayed range

or domain of x-values the same).
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Some solutions require the user to enter zoom factors for the horizontal
and vertical directions (or accepts defaults), then choose a zoom type from a
preset list. The user leaves the graph to select a zoom and then returns to see
the results. If the results are not satisfactory, the user repeats the process.
There is a similar problem with tables of function values and choosing the delta
between the x-values.

In one implementation, the system uses a vertical pinch and a vertical
spread to zoom vertically out and vertically in, respectively, on a graph of a
mathematical relation and on a row of a table of values of a mathematical
function. The system according to one implementation uses a horizontal pinch
and a horizontal spread to zoom horizontally out and horizontally in,
respectively, on the graph and on the table. The system according to one
implementation uses a diagonal pinch and a diagonal spread to zoom out and
in, respectively, on the graph and on the table, in either a square manner (both
the horizontal and vertical zoom factors are the same), or with zoom factors that
differ according to the angle of the gesture.

Figure 1 is a diagram illustrating an electronic device 10 displaying a
graphical representation of a dataset 12 according to one implementation. In
the implementation illustrated in Figure 1, electronic device 10 comprises a
calculator 16 including a keypad 17 and a touch-sensitive display screen 18.
However, it should be understood that electronic device 10 may comprise any
type of electronic device, such as, but not limited to, a tablet personal computer,
a personal digital assistant, a desktop computer, a cellular telephone, a gaming
device, an entertainment device or any other type of portable or non-portable
computing device. In the implementation illustrated in Figure 1, touch-sensitive
display screen 18 enables a user to perform at least one display adjustment
function for the displayed graphical representation of dataset 12. For example,
touch-sensitive display screen 18 enables a user to zoom in or zoom out on a
specific portion of dataset 12 using touch gestures.

Figure 2 is a block diagram illustrating elements of the electronic device
10 shown in Figure 1 according to one implementation. Electronic device 10

includes a processor 64, touch-sensitive display screen 18, and display
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adjustment module 62. Display adjustment module 62 includes a memory 66
for storing dataset 12. In operation, in response to receiving an input from
touch-sensitive display screen 18 (e.g., a pinch touch gesture or a spread touch
gesture), display adjustment module 62 interprets the received touch gesture
and adjusts the output of the graphical representation of dataset 12 on display
screen 18 based on the received touch gesture. Electronic device 10 enables a
user to perform at least one display adjustment function for the displayed
graphical representation of dataset 12. For example, electronic device 10
enables a user to cause display screen 18 to zoom in or zoom out on a portion
of dataset 12.

Electronic device 10 uses pinch and spread gestures to zoom in or out on
an area of a graph or table. There are three major types of zooms supported by
specific implementations of electronic device 10, each with versions for zooming
in and zooming out: (1) Horizontal Zoom; (2) Vertical Zoom; and (3) Square
Zoom (both horizontal and vertical with the same scale factor). In addition, each
of the 6 zooms above (i.e., 3 zooms x 2 directions) have two versions: (1) Zoom
in or out with respect to an axis (e.g., the x- or y-axis remains fixed); and (2)
Zoom in or out with respect to a point (e.g., a point of interest on the graph that
remains fixed). Thus, there are 12 zooms in all which use the pinch and spread
gestures. These pinch and spread gestures apply to any graphing environment,
whether Cartesian, Polar, or other, and regardless of the type of graphs in these
environments, including (but not restricted to) function, polar, parametric,
scatter, histograms, and bow-and-whisker plots.

A horizontal pinch touch gesture is used to zoom out horizontally on the
graph, increasing the displayed range of x-values. As the user continues the
pinch gesture, the displayed x-value range increases proportionally. Similarly, a
horizontal spread touch gesture is used to zoom in horizontally. In both cases,
the displayed range of y-values remains the same.

A vertical pinch touch gesture is used to zoom out vertically on the graph,
increasing the displayed range of y-values. As the user continues the pinch

gesture, the displayed y-value range increases proportionally. Similarly, a
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vertical spread touch gesture is used to zoom in vertically. In both cases, the
displayed range of x-values remains the same.

The electronic device 10 is also configured to deal with pinch and spread
gestures that are neither vertical nor horizontal. In one implementation, for
pinch and spread gestures that are very close to vertical or horizontal, electronic
device 10 treats these gestures as being either vertical or horizontal. For all
other non-vertical or non-horizontal pinch and spread gestures, one of two
methods is used. In the first method, all clearly diagonal pinch gestures are
used to zoom out in both the x- and y-directions equally (using the same zoom
factor for both directions), and the diagonal spread gesture is used to invert this
process and zoom out by the same zoom factors in both directions. In the
second method, all clearly diagonal pinch and spread gestures are interpreted
according to their angle and the zoom factors assigned accordingly differ for the
x- and y-direction, except for the case where the angle is interpreted as 45
degrees. In this way, the user can zoom in or out more in the vertical direction
and less in the horizontal direction and vice versa.

In specific implementations of electronic device 10, a zoom factor is
associated with a distance between two fingers performing a pinch or spread
gesture. Increasing the distance zooms in and decreasing the distance zooms
out. The zoom factor associated with the given distance may be increased by a
clockwise rotation of the two fingers or decreased by a counter-clockwise
rotation of the two fingers. Adjusting the zoom factor by rotation of the fingers
allows fine-tuning of any zoom to obtain a desired view.

Figure 3 is a diagram illustrating a horizontal spread gesture to perform a
horizontal zooming in on a graph according to one implementation. The graph
300 is displayed on the display screen 18 of electronic device 10 (Figure 1), and
includes a horizontal axis (x-axis) 301, a vertical axis (y-axis) 303, and a
graphical representation of a dataset 12. In the illustrated implementation, the
graphical representation of the dataset 12 represents a graph of the
mathematical equation, y=0.5(x-1)?+1. The displayed range of x values is x=[-

12.7, 12.7] and the displayed range of y values is y=[-1.5, 9.5].
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To perform the horizontal spread gesture, the user first places the user’'s
right thumb (T), for example, on the vertex of the graph at (x=1, y=1), as
indicated by circle 302. The user then places the user’s right forefinger (F), for
example, roughly on the point (x=4, y=1), as indicated by circle 304. The user
then slides the forefinger (F) horizontally to the right, toward (x=12, y=1), as
indicated by arrow 306 on circle 304, while maintaining the thumb (T) at its initial
position 302. The results of this horizontal spread gesture are shown in Figure
4.

Figure 4 is a diagram illustrating a horizontally zoomed in view of the
graph 300 shown in Figure 3 after a user has performed a horizontal spread
gesture according to one implementation. The zoomed in view of the graph 300
is represented by reference number 300Z in Figure 4. The horizontal zoom in is
performed with respect to the line X=1, which corresponds to the position of the
user’s thumb 302 (Figure 3) in the spread gesture. The point (x=1,y=1) in the
graph 300Z remains under the right thumb (T) position 302 and at its current
display location. The y-axis 303 is shifted to the left during the horizontal zoom
in.

The zoom in is smooth and dynamic as the forefinger (F) moves to the
right as indicated by arrow 306. In one implementation, the zoom in “sticks”
momentarily or momentarily pauses at a set of predetermined integer zoom
factors (e.g., 2x, 10x, 20x, etc.). The user can reverse the zoom in by moving
the forefinger (F) back to the left until the desired view is attained. The
displayed range of y-values remains constant during the horizontal zoom in (i.e.,
remains at y=[-1.5, 9.5]), and the displayed range of x-values is decreased in
the illustrated example to about x=[-5.5, 7.0]. As the user continues the
horizontal spread gesture (i.e., moving forefinger (F) farther to the right), the
displayed range of x-values continues to decrease proportionally.

During the zoom, any significant rotation of the thumb (T) and forefinger
(F) locks the current zoom factor, and slowly (with a finer increment), further
rotation increases or decreases the zoom factor as the user rotates these digits
clockwise or counterclockwise, respectively, to provide finer adjustment of the

zoom factor.
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Figure 5 is a diagram illustrating a horizontal spread gesture to perform a
horizontal zooming in on a graph according to another implementation. The
graph 500 is displayed on the display screen 18 of electronic device 10 (Figure
1), and includes a horizontal axis (x-axis) 501, a vertical axis (y-axis) 503, and a
graphical representation of a dataset 12. In the illustrated implementation, the
graphical representation of the dataset 12 represents a graph of the
mathematical equation, y=0.5(x-1)?+1. The displayed range of x values is x=[-
12.7, 12.7] and the displayed range of y values is y=[-1.5, 9.5].

To perform the horizontal spread gesture, the user first places the user’'s
right thumb (T), for example, on the display at (x=-1, y=-1), as indicated by circle
502. The user then places the user’s right forefinger (F), for example, roughly
on the point (x=4, y=-1), as indicated by circle 504. The user then slides the
thumb (T) horizontally to the left, as indicated by arrow 506 on circle 502, and at
the same time, the user slides the forefinger (F) horizontally to the right, as
indicated by arrow 508 on circle 504. The results of this horizontal spread
gesture are shown in Figure 6.

Figure 6 is a diagram illustrating a horizontally zoomed in view of the
graph 500 shown in Figure 5 after a user has performed a horizontal spread
gesture according to one implementation. The zoomed in view of the graph 500
is represented by reference number 500Z in Figure 6. The horizontal zoom in is
performed with respect to the y-axis 503. The y-axis 503 maintains its position
during the horizontal zoom in, and the extremes of the x-values (Xmin and
Xmax) are multiplied by the same scalar value.

The zoom in is smooth and dynamic as the thumb (T) and the forefinger
(F) move horizontally apart, as indicated by arrows 506 and 508. In one
implementation, the zoom in “sticks” momentarily or momentarily pauses at a
set of predetermined integer zoom factors (e.g., 2x, 10x, 20x, etc.). The user
can reverse the zoom in by moving the thumb (T) and the forefinger (F) closer
together until the desired view is attained. The displayed range of y-values
remains constant during the horizontal zoom in (i.e., remains at y=[-1.5, 9.5]),
and the displayed range of x-values is decreased in the illustrated example to

about x=[-6.5, 6.5]. As the user continues the horizontal spread gesture (i.e.,
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moving thumb (T) farther to the left and moving forefinger (F) farther to the
right), the displayed range of x-values continues to decrease proportionally.

During the zoom, any significant rotation of the thumb (T) and forefinger
(F) locks the current zoom factor, and slowly (with a finer increment), further
rotation increases or decreases the zoom factor as the user rotates these digits
clockwise or counterclockwise, respectively, to provide finer adjustment of the
zoom factor.

Figure 7 is a diagram illustrating a vertical spread gesture to perform a
vertical zooming in on a graph according to one implementation. The graph 700
is displayed on the display screen 18 of electronic device 10 (Figure 1), and
includes a horizontal axis (x-axis) 701, a vertical axis (y-axis) 703, and a
graphical representation of a dataset 12. In the illustrated implementation, the
graphical representation of the dataset 12 represents a graph of the
mathematical equation, y=0.5(x-1)?+1. The displayed range of x values is x=[-
12.7, 12.7] and the displayed range of y values is y=[-1.5, 9.5].

To perform the vertical spread gesture, the user first places the user’s
right thumb (T), for example, on the vertex of the graph at (x=1, y=1), as
indicated by circle 702. The user then places the user’s right forefinger (F), for
example, roughly on the point (x=1, y=4), as indicated by circle 704. The user
then slides the forefinger (F) vertically upward, toward (x=1, y=9), as indicated
by arrow 706 on circle 704, while maintaining the thumb (T) at its initial position
702. The results of this vertical spread gesture are shown in Figure 8.

Figure 8 is a diagram illustrating a vertically zoomed in view of the graph
700 shown in Figure 7 after a user has performed a vertical spread gesture
according to one implementation. The zoomed in view of the graph 700 is
represented by reference number 700Z in Figure 8. The vertical zoom in is
performed with respect to the line Y=1, which corresponds to the position of the
user’s thumb 702 (Figure 7) in the spread gesture. The point (x=1,y=1) in the
graph 700Z remains under the right thumb (T) position 702 and at its current
display location. The y-axis 703 maintains its position during the vertical zoom

in.
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The zoom in is smooth and dynamic as the forefinger (F) moves upward
as indicated by arrow 706. In one implementation, the zoom in “sticks”
momentarily or momentarily pauses at a set of predetermined integer zoom
factors (e.g., 2x, 10x, 20x, etc.). The user can reverse the zoom in by moving
the forefinger (F) back downward until the desired view is attained. The
displayed range of x-values remains constant during the vertical zoom in (i.e.,
remains at x=[-12.7, 12.7]), and the displayed range of y-values is decreased in
the illustrated example to about y=[0, 5.5]. As the user continues the vertical
spread gesture (i.e., moving forefinger (F) farther upward), the displayed range
of y-values continues to decrease proportionally.

During the zoom, any significant rotation of the thumb (T) and forefinger
(F) locks the current zoom factor, and slowly (with a finer increment), further
rotation increases or decreases the zoom factor as the user rotates these digits
clockwise or counterclockwise, respectively, to provide finer adjustment of the
zoom factor.

The vertical zoom-in shown in Figures 7 and 8 can be modified or
performed differently by moving thumb (T) vertically downward while moving
forefinger (F) vertically upward. Such a vertical zoom in is performed with
respect to the x-axis 701. The x-axis 701 maintains its position during the
vertical zoom in, and the extremes of the y-values (Ymin and Ymax) are
multiplied by the same scalar value.

Figure 9 is a diagram illustrating a horizontal pinch gesture to perform a
horizontal zooming out on a graph according to one implementation. The graph
900 is displayed on the display screen 18 of electronic device 10 (Figure 1), and
includes a horizontal axis (x-axis) 901, a vertical axis (y-axis) 903, and a
graphical representation of a dataset 12. In the illustrated implementation, the
graphical representation of the dataset 12 represents a graph of the
mathematical equation, y=0.5(x-1)?+1. The displayed range of x values is x=[-
12.7, 12.7] and the displayed range of y values is y=[-1.5, 9.5].

To perform the horizontal pinch gesture, the user first places the user’'s
right thumb (T), for example, on the vertex of the graph at (x=1, y=1), as

indicated by circle 902. The user then places the user’s right forefinger (F), for
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example, roughly on the point (x=8, y=1), as indicated by circle 904. The user
then slides the forefinger (F) horizontally to the left, as indicated by arrow 906
on circle 904, while maintaining the thumb (T) at its initial position 902. The
results of this horizontal pinch gesture are shown in Figure 10.

Figure 10 is a diagram illustrating a horizontally zoomed out view of the
graph 900 shown in Figure 9 after a user has performed a horizontal pinch
gesture according to one implementation. The zoomed out view of the graph
900 is represented by reference number 900Z in Figure 10. The horizontal
zoom out is performed with respect to the line X=1, which corresponds to the
position of the user’s thumb 902 (Figure 9) in the pinch gesture. The point
(x=1,y=1) in the graph 900Z remains under the right thumb (T) position 902 and
at its current display location.

The zoom out is smooth and dynamic as the forefinger (F) moves to the
left as indicated by arrow 906. In one implementation, the zoom out “sticks”
momentarily or momentarily pauses at a set of predetermined zoom factors.
The user can reverse the zoom out by moving the forefinger (F) back to the right
until the desired view is attained. The displayed range of y-values remains
constant during the horizontal zoom out (i.e., remains at y=[-1.5, 9.5]), and the
displayed range of x-values is increased in the illustrated example to about x=[-
26.0, 26.0]. As the user continues the horizontal pinch gesture (i.e., moving
forefinger (F) farther to the left), the displayed range of x-values continues to
increase proportionally.

During the zoom, any significant rotation of the thumb (T) and forefinger
(F) locks the current zoom factor, and slowly (with a finer increment), further
rotation increases or decreases the zoom factor as the user rotates these digits
clockwise or counterclockwise, respectively, to provide finer adjustment of the
zoom factor.

The horizontal zoom-out shown in Figures 9 and 10 can be modified or
performed differently by moving thumb (T) horizontally to the right while moving
forefinger (F) horizontally to the left. Such a horizontal zoom in is performed

with respect to the y-axis 903. The y-axis 903 maintains its position during the



10

15

20

25

30

WO 2014/120201 PCT/US2013/024125

12

horizontal zoom out, and the extremes of the x-values (Xmin and Xmax) are
multiplied by the same scalar value.

Figure 11 is a diagram illustrating a diagonal spread gesture to perform a
vertical and horizontal zooming in (square diagonal zooming in) on a graph
according to one implementation. The graph 1100 is displayed on the display
screen 18 of electronic device 10 (Figure 1), and includes a horizontal axis (x-
axis) 1101, a vertical axis (y-axis) 1103, and a graphical representation of a
dataset 12. In the illustrated implementation, the graphical representation of the
dataset 12 represents a graph of the mathematical equation, y=0.5(x-1)?+1.
The displayed range of x values is x=[-12.7, 12.7] and the displayed range of y
values is y=[-1.5, 9.5].

To perform the diagonal spread gesture, the user first places the user’'s
right thumb (T), for example, on the vertex of the graph at (x=1, y=1), as
indicated by circle 1102. The user then places the user’s right forefinger (F), for
example, roughly on the point (x=4, y=4), as indicated by circle 1104. The user
then slides the forefinger (F) diagonally upward and to the right, as indicated by
arrow 1106 on circle 1104, while maintaining the thumb (T) at its initial position
1102. The results of this diagonal spread gesture are shown in Figure 12.

Figure 12 is a diagram illustrating a vertically and horizontally zoomed in
view of the graph 1100 shown in Figure11 after a user has performed a
diagonal spread gesture according to one implementation. The zoomed in view
of the graph 1100 is represented by reference number 1100Z in Figure 12. The
vertical and horizontal zoom in is performed with respect to the point (x=1, y=1),
which corresponds to the position of the user’s thumb 1102 (Figure 11) in the
spread gesture. The point (x=1,y=1) in the graph 1100Z remains under the right
thumb (T) position 1102 and at its current display location. In the illustrated
example, the same scale factor is used for both the horizontal zoom and the
vertical zoom.

The zoom in is smooth and dynamic as the forefinger (F) moves upward
and to the right as indicated by arrow 1106. In one implementation, the zoom in
“sticks” momentarily or momentarily pauses at a set of predetermined integer

zoom factors (e.g., 2x, 10x, 20x, etc.). The user can reverse the zoom in by
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moving the forefinger (F) back downward and to the left until the desired view is
attained. The displayed range of y-values is decreased during the vertical and
horizontal zoom in to about y=[0, 5.5]), and the displayed range of x-values is
decreased in the illustrated example to about x=[-6, 7]. As the user continues
the diagonal spread gesture (i.e., moving forefinger (F) farther upward and to
the right), the displayed range of x-values and the displayed range of y-values
continue to decrease proportionally.

During the zoom, any significant rotation of the thumb (T) and forefinger
(F) locks the current zoom factor, and slowly (with a finer increment), further
rotation increases or decreases the zoom factor as the user rotates these digits
clockwise or counterclockwise, respectively, to provide finer adjustment of the
zoom factor.

Figure 13 is a diagram illustrating a diagonal spread gesture to perform a
vertical and horizontal zooming in (square diagonal zooming in) on a graph
according to another implementation. The graph 1300 is displayed on the
display screen 18 of electronic device 10 (Figure 1), and includes a horizontal
axis (x-axis) 1301, a vertical axis (y-axis) 1303, and a graphical representation
of a dataset 12. In the illustrated implementation, the graphical representation
of the dataset 12 represents a graph of the mathematical equation, y=0.5(x-
1)?+1. The displayed range of x values is x=[-12.7, 12.7] and the displayed
range of y values is y=[-1.5, 9.5].

To perform the diagonal spread gesture, the user first places the user’'s
right thumb (T), for example, on the display at (x=-1, y=0), as indicated by circle
1302. The user then places the user’s right forefinger (F), for example, roughly
on the point (x=4, y=4), as indicated by circle 1304. The user then slides the
thumb (T) diagonally downward and to the left, as indicated by arrow 1306 on
circle 1302, and at the same time, the user slides the forefinger (F) diagonally
upward and to the right, as indicated by arrow 1308 on circle 1304. The results
of this diagonal spread gesture are shown in Figure 14.

Figure 14 is a diagram illustrating a vertically and horizontally zoomed in
view of the graph 1300 shown in Figure 13 after a user has performed a

diagonal spread gesture according to one implementation. The zoomed in view
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of the graph 1300 is represented by reference number 1300Z in Figure 14. The
vertical and horizontal zoom in is performed with respect to the origin of the
graph. The x-axis 1301 and the y-axis 1303 maintain their positions during the
diagonal zoom in, and the extremes of the x-values (Xmin and Xmax) are
multiplied by a scale factor, and the extremes of the y-values (Ymin and Ymax)
are multiplied by the same scale factor.

The zoom in is smooth and dynamic as the thumb (T) and the forefinger
(F) move diagonally apart, as indicated by arrows 1306 and 1308. In one
implementation, the zoom in “sticks” momentarily or momentarily pauses at a
set of predetermined integer zoom factors (e.g., 2x, 10x, 20x, etc.). The user
can reverse the zoom in by moving the thumb (T) and the forefinger (F)
diagonally closer together until the desired view is attained. The displayed
range of y-values is decreased during the vertical and horizontal zoom in to
about y=[-3, 3]), and the displayed range of x-values is decreased in the
illustrated example to about x=[-6.5, 6.5]. As the user continues the diagonal
spread gesture (i.e., moving thumb (T) farther downward and to the left and
moving forefinger (F) farther upward and to the right), the displayed range of x-
values and the displayed range of y-values continue to decrease proportionally.

During the zoom, any significant rotation of the thumb (T) and forefinger
(F) locks the current zoom factor, and slowly (with a finer increment), further
rotation increases or decreases the zoom factor as the user rotates these digits
clockwise or counterclockwise, respectively, to provide finer adjustment of the
zoom factor.

Note that the selected point (x=1, y=1) in Figure 11 is the point about
which the zoom in is performed in Figures 11 and 12, and the origin (x=0, y=0)
is the point about which the zoom in is performed in Figures 13 and 14. These
examples illustrate a difference between zooming with respect to a selected
point (Figures 11 and 12) and zooming with respect to the axes (Figures 13 and
14).

A table of values consists of a set of columns. The first column contains
values for the independent variable(s). Subsequent columns contain values for

expressions defined in terms of the independent variable(s). In such an
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environment, pinch and spread gestures are used by electronic device 10 to
zoom in or out on a row of the table. In one implementation, there are two major
types of zooms supported by electronic device 10 for a table of values, which
are zooming in and zooming out. For each type, the zoom occurs with respect
to some value of the independent variable, which is held fixed. The delta
between consecutive values of the independent variable remains constant but is
multiplied by a scale factor. As was the case with the graphing environment, a
pinch gesture is used to zoom out and a spread gesture is used to zoom in.
Unlike the graphing environment, however, the orientation of the gestures
according to one implementation is always vertical.

Figure 15 is a diagram illustrating a vertical spread gesture to perform a
zooming in on a table of values according to one implementation. The table
1500 is displayed on the display screen 18 of electronic device 10 (Figure 1),
and includes a plurality of columns 1502(1)-1502(2) and a plurality of rows
1504(1)-1504(5). In the illustrated implementation, the table of values 1500

represents the mathematical equation, Fl(x)= . The first column

1502(1) in table 1500 contains values for the independent variable, x. The
second column 1502(2) in table 1500 contains values for the expression F1(x)
corresponding to the values given in the first column 1502(1) for the variable, x.
The values for the variable, x, given in column 1502(1) are 0, 1, 2, 3, and 4.
Thus, these values have a common or constant Ax value equal to 1.0 (i.e., each
adjacent pair of values for the variable x in column 1502(1) differs by a value of
1.0). The value “2” (row 1504(3)) has been selected in column 1502(1), as
indicated by the shading of this value.

To perform the vertical spread gesture on table 1500, the user first places
the user’s right thumb (T), for example, below the selected value of “2”, as
indicated by circle 1510. The user then places the user’s right forefinger (F), for
example, above the selected value of “2”, as indicated by circle 1508. The user
then slides the forefinger (F) vertically upward, as indicated by arrow 1506 on

circle 1508, while also sliding the thumb (T) vertically downward, as indicated by
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arrow 1512 on circle 1510. The results of this vertical spread gesture are shown
in Figure 16.

Figure 16 is a diagram illustrating a zoomed in view of the table 1500
shown in Figure 15 after a user has performed a vertical spread gesture
according to one implementation. The zoomed in view of the table 1500 is
represented by reference number 15002 in Figure 16. The zoom in is
performed with respect to the selected value of “2” in row 1504(3) and column
1502(1). Thus, this selected value remains the same, while all of the other
values in column 1502(1) are changed to have a smaller Ax value (i.e., Ax =
0.01). Although the Ax value is reduced, it remains constant for all of the values
in column 1502(1). The values in column 1502(2) are also recalculated and
changed to correspond to the new values in column 1502(1).

The zoom in is smooth and dynamic as the forefinger (F) and thumb (T)
move apart as indicated by arrows 1506 and 1512. In one implementation, the
zoom in “sticks” momentarily or momentarily pauses at a set of predetermined
Ax values (e.g., Ax=0.5, Ax=0.1, Ax=0.01, Ax=0.001, etc.). The user can
reverse the zoom in by moving the forefinger (F) and thumb (T) back toward
each other until the desired Ax value is attained.

During the zoom, any significant rotation of the thumb (T) and forefinger
(F) locks the current zoom factor, and slowly (with a finer increment), further
rotation increases or decreases the zoom factor as the user rotates these digits
clockwise or counterclockwise, respectively, to provide finer selection of the Ax
value.

Figure 17 is a diagram illustrating a vertical pinch gesture to perform a
zooming out on a table of values according to one implementation. The table
1700 is displayed on the display screen 18 of electronic device 10 (Figure 1),
and includes a plurality of columns 1702(1)-1702(2) and a plurality of rows
1704(1)-1704(5). In the illustrated implementation, the table of values 1700

3
represents the mathematical equation, F1(x) =@. The first column

1702(1) in table 1700 contains values for the independent variable, x. The

second column 1702(2) in table 1700 contains values for the expression F1(x)
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corresponding to the values given in the first column 1702(1) for the variable, x.
The values for the variable, x, given in column 1702(1) are -2, -1, 0, 1, and 2.
Thus, these values have a Ax value equal to 1.0 (i.e., each adjacent pair of
values for the variable x in column 1702(1) differs by a value of 1.0). The value
“0” (row 1704(3)) has been selected in column 1702(1), as indicated by the
shading of this value.

To perform the vertical pinch gesture on table 1700, the user first places
the user’s right thumb (T), for example, below the selected value of “0”, as
indicated by circle 1710. The user then places the user’s right forefinger (F), for
example, above the selected value of “0”, as indicated by circle 1708. The user
then slides the forefinger (F) vertically downward, as indicated by arrow 1706 on
circle 1708, while also sliding the thumb (T) vertically upward, as indicated by
arrow 1712 on circle 1710. The results of this vertical pinch gesture are shown
in Figure 18.

Figure 18 is a diagram illustrating a zoomed out view of the table 1700
shown in Figure 17 after a user has performed a vertical pinch gesture
according to one implementation. The zoomed out view of the table 1700 is
represented by reference number 1700Z in Figure 18. The zoom out is
performed with respect to the selected value of “0” in row 1704(3) and column
1702(1). Thus, this selected value remains the same, while all of the other
values in column 1702(1) are changed to have a larger Ax value (i.e., Ax =
10.0). The values in column 1702(2) are also recalculated and changed to
correspond to the new values in column 1702(1).

The zoom out is smooth and dynamic as the forefinger (F) and thumb (T)
move together as indicated by arrows 1706 and 1712. In one implementation,
the zoom out “sticks” momentarily or momentarily pauses at a set of
predetermined Ax values (e.g., Ax=2, Ax=5, Ax=10, Ax=20, etc.). The user can
reverse the zoom out by moving the forefinger (F) and thumb (T) back away
from each other until the desired Ax value is attained.

During the zoom, any significant rotation of the thumb (T) and forefinger
(F) locks the current zoom factor, and slowly (with a finer increment), further

rotation increases or decreases the zoom factor as the user rotates these digits



10

15

20

25

30

WO 2014/120201 PCT/US2013/024125

18

clockwise or counterclockwise, respectively, to provide finer selection of the Ax
value.

In a numerical computational environment and in a symbolic computer
algebra system (CAS) environment, pinch and spread gestures produce the
following results in electronic device 10 according to one implementation when
used on selected values or expressions. In a numerical computational
environment, the following occur: (1) With a numerical result selected, pinching
horizontally decreases the number of digits displayed, effectively rounding the
result to fewer and fewer place-values; (2) spreading horizontally reverses the
rounding, displaying more and more place values until the maximum is reached;
and (3) these effects are smooth and dynamic and can be reversed until just the
right number of digits is being displayed. In a CAS environment, the following
occur: (1) With a symbolic expression selected, pinching horizontally factors the
expression, if possible, and combines like terms, effectively simplifying the
expression as much as possible; and (2) spreading horizontally expands an
expression.

One implementation is directed to an electronic device that includes a
touch-sensitive display screen to display a graphical representation of a
mathematical relationship and to enable a user to enter a one-dimensional
touch gesture thereon for performing a one-dimensional adjustment function for
the displayed graphical representation. A display adjustment module interprets
the one-dimensional touch gesture and performs the one-dimensional
adjustment function. The display adjustment module performs a one-
dimensional zoom adjustment function in response to one of a one-dimensional
pinch touch gesture and a one-dimensional spread touch gesture. The one-
dimensional zoom adjustment function increases or reduces a displayed range
of values in a first dimension while maintaining unchanged a displayed range of
values in a second dimension of the displayed graphical representation.

In one form of this implementation, the display adjustment module
performs a vertical zoom-out adjustment function in response to a vertical pinch
touch gesture, wherein the vertical zoom-out adjustment function increases the

displayed range of values in a vertical dimension while the displayed range of
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values in a horizontal dimension remains unchanged. In another form of this
implementation, the display adjustment module performs a vertical zoom-in
adjustment function in response to a vertical spread touch gesture, wherein the
vertical zoom-in adjustment function decreases the displayed range of values in
a vertical dimension while the displayed range of values in a horizontal
dimension remains unchanged. In yet another form of this implementation, the
display adjustment module performs a horizontal zoom-out adjustment function
in response to a horizontal pinch touch gesture, wherein the horizontal zoom-
out adjustment function increases the displayed range of values in a horizontal
dimension while the displayed range of values in a vertical dimension remains
unchanged. In a further form of this implementation, the display adjustment
module performs a horizontal zoom-in adjustment function in response to a
horizontal spread touch gesture, wherein the horizontal zoom-in adjustment
function decreases the displayed range of values in a horizontal dimension
while the displayed range of values in a vertical dimension remains unchanged.

The display adjustment module according to one implementation
continually and dynamically adjusts the graphical representation while the touch
gesture is being performed. In one form of this implementation, the display
adjustment module causes the adjustment of the graphical representation to
momentarily pause at a set of predetermined zoom factors.

In one implementation, the one-dimensional zoom adjustment function
varies depending upon whether the touch gesture involves two moving digits of
the user, or one moving digit and one fixed digit. In one form of this
implementation, the display adjustment module performs a one-dimensional
zoom about an axis of the graphical representation when the touch gesture
involves two moving digits of the user, and performs a one-dimensional zoom
about a point under the fixed digit when the touch gesture involves one moving
digit and one fixed digit.

In one implementation, rotation of digits of the user performing the one-
dimensional touch gesture locks a current zoom factor, and further rotation

provides a fine adjustment to the zoom factor.
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Another implementation is directed to an electronic device that includes a
touch-sensitive display screen to display a table of values of a mathematical
function and to enable a user to enter a touch gesture thereon for performing an
adjustment function for the displayed table of values. A display adjustment
module interprets the touch gesture and performs the adjustment function. The
display adjustment module performs a zoom adjustment function in response to
one of a pinch touch gesture and a spread touch gesture. The zoom
adjustment function modifies a delta value between consecutive values in a
column of the table.

In one form of this implementation, the table of values includes a plurality
of columns, including a first column containing values for an independent
variable of the mathematical function and a second column containing values
for an expression defined in terms of the independent variable, wherein the
values in the first column have a constant delta value, and wherein the zoom
adjustment function involves multiplying the constant delta value by a scale
factor. In another form of this implementation, the zoom adjustment function is
performed with respect to a selected value in the first column of the table, and
wherein the selected value is held fixed during the zoom adjustment function.

In one implementation, the touch gesture is one of a vertical pinch touch
gesture and a vertical spread touch gesture, and wherein the adjustment
function increases the delta value between consecutive values in a column of
the table for the vertical pinch touch gesture and decreases the delta value
between consecutive values in a column of the table for the vertical spread
touch gesture.

Yet another implementation is directed to an electronic device that
includes a touch-sensitive display screen to enable a user to enter a touch
gesture thereon for performing an adjustment function for displayed information.
A display adjustment module interprets the touch gesture and performs the
adjustment function. The display adjustment module performs at least one of a
numerical result adjustment and a symbolic expression adjustment. The
numerical result adjustment involves decreasing a number of digits displayed for

a selected numerical result in response to a pinch touch gesture to round the
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selected numerical result to fewer place values, and increasing the number of
digits displayed for the selected numerical result in response to a spread touch
gesture. The symbolic expression adjustment involves factoring and simplifying
a selected symbolic expression in response to a pinch touch gesture and
expanding the selected symbolic expression in response to a spread touch
gesture.

Implementations set forth herein provide numerous advantages over prior
solutions, including, for example, the following: (1) The user does not have to
guess and try different preset zooms until the user obtains the desired view; (2)
the user has direct interaction with the view window and can fine tune the view
while viewing the graph; and (3) the user can zoom in or out on a row in a table
of function values.

Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that a variety of
alternate and/or equivalent implementations may be substituted for the specific
embodiments shown and described without departing from the scope of the
present disclosure. This application is intended to cover any adaptations or
variations of the specific embodiments discussed herein. Therefore, it is
intended that this disclosure be limited only by the claims and the equivalents

thereof.

What is Claimed is:
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CLAIMS

1. An electronic device, comprising:

a touch-sensitive display screen to display a graphical representation of a
mathematical relationship and to enable a user to enter a one-dimensional
touch gesture thereon for performing a one-dimensional adjustment function for
the displayed graphical representation; and

a display adjustment module to interpret the one-dimensional touch
gesture and perform the one-dimensional adjustment function, wherein the
display adjustment module performs a one-dimensional zoom adjustment
function in response to one of a one-dimensional pinch touch gesture and a
one-dimensional spread touch gesture, wherein the one-dimensional zoom
adjustment function increases or reduces a displayed range of values in a first
dimension while maintaining unchanged a displayed range of values in a

second dimension of the displayed graphical representation.

2. The electronic device of claim 1, wherein the display adjustment module
performs a vertical zoom-out adjustment function in response to a vertical pinch
touch gesture, wherein the vertical zoom-out adjustment function increases the
displayed range of values in a vertical dimension while the displayed range of

values in a horizontal dimension remains unchanged.

3. The electronic device of claim 1, wherein the display adjustment module
performs a vertical zoom-in adjustment function in response to a vertical spread
touch gesture, wherein the vertical zoom-in adjustment function decreases the
displayed range of values in a vertical dimension while the displayed range of

values in a horizontal dimension remains unchanged.

4, The electronic device of claim 1, wherein the display adjustment module
performs a horizontal zoom-out adjustment function in response to a horizontal

pinch touch gesture, wherein the horizontal zoom-out adjustment function
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increases the displayed range of values in a horizontal dimension while the

displayed range of values in a vertical dimension remains unchanged.

5. The electronic device of claim 1, wherein the display adjustment module
performs a horizontal zoom-in adjustment function in response to a horizontal
spread touch gesture, wherein the horizontal zoom-in adjustment function
decreases the displayed range of values in a horizontal dimension while the

displayed range of values in a vertical dimension remains unchanged.

6. The electronic device of claim 1, wherein the display adjustment module
continually and dynamically adjusts the graphical representation while the touch

gesture is being performed.

7. The electronic device of claim 6, wherein the display adjustment module
causes the adjustment of the graphical representation to momentarily pause at

a set of predetermined zoom factors.

8. The electronic device of claim 1, wherein the one-dimensional zoom
adjustment function varies depending upon whether the touch gesture involves

two moving digits of the user, or one moving digit and one fixed digit.

9. The electronic device of claim 8, wherein the display adjustment module
performs a one-dimensional zoom about an axis of the graphical representation
when the touch gesture involves two moving digits of the user, and performs a
one-dimensional zoom about a point under the fixed digit when the touch

gesture involves one moving digit and one fixed digit.

10.  The electronic device of claim 1, wherein rotation of digits of the user
performing the one-dimensional touch gesture locks a current zoom factor, and

further rotation provides a fine adjustment to the zoom factor.
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11.  An electronic device, comprising:

a touch-sensitive display screen to display a table of values of a
mathematical function and to enable a user to enter a touch gesture thereon for
performing an adjustment function for the displayed table of values; and

a display adjustment module to interpret the touch gesture and perform
the adjustment function, wherein the display adjustment module performs a
zoom adjustment function in response to one of a pinch touch gesture and a
spread touch gesture, wherein the zoom adjustment function modifies a delta

value between consecutive values in a column of the table.

12.  The electronic device of claim 11, wherein the table of values includes a
plurality of columns, including a first column containing values for an
independent variable of the mathematical function and a second column
containing values for an expression defined in terms of the independent
variable, wherein the values in the first column have a constant delta value, and
wherein the zoom adjustment function involves multiplying the constant delta

value by a scale factor.

13.  The electronic device of claim 12, wherein the zoom adjustment function
is performed with respect to a selected value in the first column of the table, and

wherein the selected value is held fixed during the zoom adjustment function.

14.  The electronic device of claim 11, wherein the touch gesture is one of a
vertical pinch touch gesture and a vertical spread touch gesture, and wherein

the adjustment function increases the delta value between consecutive values
in a column of the table for the vertical pinch touch gesture and decreases the
delta value between consecutive values in a column of the table for the vertical

spread touch gesture.

15.  An electronic device, comprising:
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a touch-sensitive display screen to enable a user to enter a touch gesture
thereon for performing an adjustment function for displayed information; and

a display adjustment module to interpret the touch gesture and perform
the adjustment function, wherein the display adjustment module performs at
least one of a numerical result adjustment and a symbolic expression
adjustment, wherein the numerical result adjustment involves decreasing a
number of digits displayed for a selected numerical result in response to a pinch
touch gesture to round the selected numerical result to fewer place values, and
increasing the number of digits displayed for the selected numerical result in
response to a spread touch gesture, and wherein the symbolic expression
adjustment involves factoring and simplifying a selected symbolic expression in
response to a pinch touch gesture and expanding the selected symbolic

expression in response to a spread touch gesture.
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