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(57) Abstract: A system and method of a gravity point draw-
ing that simulate a physical model to draw or modity vector
curves. A node is identified in a drawing of a graphical ap-
plication. A size of a predetined space around the node and
an intensity value associated with the node are determined.
The intensity value affects the curvature of a vector curve in
the predefined space. The vector curve is generated in the
predetined space. The curvature of the vector curve is based
on the size of the predefined space and the intensity value as-
sociated with the node in the drawing.
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GRAVITY POINT DRAWING METHOD

TECHNICAL FIELD

[0001] The present application relates generally to the technical field of
computer-generated drawings, and, in various embodiments, to systems and

methods of gravity point drawing.

BACKGROUND

[0002] Computer graphics applications can generate vector curves that
can be manipulated to modify a shape of the curve. Bézier curves are parametric
curves commonly used in computer graphics that provide a method to transfer
geometric curves into a programming model. In vector graphics, Bézier curves
are used to model smooth curves that can be scaled indefinitely using anchors
and handlers throughout the curves. Bézier curves are commonly defined in
terms of four points. Two of these points are the endpoints, also referred to as
anchor points. The other two points are known as control points, also referred to
as handles, one associated with each anchor point. The curve extends from
anchor point to anchor point. The line between an anchor point and its control
point determines the slope, or derivative, of the curve at the anchor point. The
further the control point is from the anchor point, the further the curve wants to
go along the straight line before curving off towards the other anchor point.
[0003] As such, a user would have to manipulate multiple anchor points
and control points in order to change the shape of the curves of a geometric
shape. For example, FIG. 1A illustrates an original computer graphic shape 100.
FIG. 1B illustrates a target computer graphic shape 102. FIG. 1C illustrates the
original computer graphic shape 100 with anchor points 104 and control points
106 that the user would have to manipulate, one by one, to modify the curvature
of the original computer graphic shape 100. Because each anchor point and
control point has to be manually moved in a one by one fashion, inconsistency
can be accumulated during the modification of the curvature. Further adjustment
and correction of the anchor points and control points may be needed to generate

the target computer graphic shape 102.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Some embodiments of the present disclosure are illustrated by
way of example and not limitation in the figures of the accompanying drawings,
in which like reference numbers indicate similar elements and in which:

[0005] FIG. 1A illustrates a prior art example of an original geometric
shape to be modified;

[0006] FIG. 1B illustrates a prior art example of a target geometric shape.
[0007] FIG. 1C illustrates a prior art example of anchor points and
handlers to be manipulated.

[0008] FIG. 2A illustrates an example embodiment of a modification
process of a vector curve.

[0009] FIG. 2B illustrates another example embodiment of a
modification process of a vector curve.

[00010] FIG. 3A illustrates an example embodiment of a model for a ray
mode modification process of a vector curve.

[00011] FIG. 3B illustrates another example embodiment of a model for a
ray mode modification process of a vector curve.

[00012] FIG. 3C illustrates an example embodiment of an algorithm for
the ray mode modification process of the vector curve of FIG. 3B.

[00013] FIG. 4A illustrates an example embodiment of a model for a ray
mode modification process of a vector curve.

[00014] FIG. 4B illustrates an example embodiment of an algorithm for a
ray mode modification process of the vector curve of FIG. 4A.

[00015] FIG. 5 illustrates an example embodiment of a sequence for
generating vector curves using a ray mode modification process.

[00016] FIG. 6A illustrates an example embodiment of a model for an
arch mode modification process of a new vector curve.

[00017] FIG. 6B illustrates an example embodiment of an algorithm for
an arch mode modification process of the vector curve of FIG. 6A.

[00018] FIG. 7A illustrates another example embodiment of a model for
an arch mode modification process of a new vector curve.

[00019] FIG. 7B illustrates an example embodiment of an algorithm for

an arch mode modification process of the vector curve of FIG. 7A.



WO 2014/205632 PCT/CN2013/077797

10

15

20

25

30

[00020] FIGS. 8A-8F illustrate example embodiments of a model for an
arch mode modification process of an existing vector curve.

[00021] FIGS. 9A-9C illustrate example embodiments of a model for an
expand mode modification process of a new vector curve.

[00022] FIG. 10 illustrates a block diagram of an example embodiment of
a graphical application.

[00023] FIG. 11 illustrates a block diagram of an example embodiment of
a vector curve generator.

[00024] FIG. 12 is a flowchart illustrating an example embodiment of a
method for generating a vector curve.

[00025] FIG. 13 is a flowchart illustrating another example embodiment
of a method for generating a vector curve.

[00026] FIG. 14 shows a diagrammatic representation of a machine in the
example form of a computer system within which a set of instructions may be
executed to cause the machine to perform any one or more of the methodologies

discussed herein.

DETAILED DESCRIPTION

[00027] The description that follows includes illustrative systems,
methods, techniques, instruction sequences, and computing machine program
products that embody illustrative embodiments. In the following description, for
purposes of explanation, numerous specific details are set forth in order to
provide an understanding of various embodiments of the inventive subject matter.
It will be evident, however, to those skilled in the art that embodiments of the
inventive subject matter may be practiced without these specific details. In
general, well-known instruction instances, protocols, structures, and techniques
have not been shown in detail.

[00028] The present disclosure describes a system and method of a gravity
point drawing that simulates a physical model to draw and modify vector curves.
In an example embodiment, a node is identified in a drawing of a graphical
application. The size of a predefined space around the node and an intensity
value associated with the node are determined. The intensity value affects the
curvature of a vector curve in the predefined space. The vector curve is

generated in the predefined space. The curvature of the vector curve is based on
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the size of the predefined space and the intensity value associated with the node
in the drawing.

[00029] In another example embodiment, the identification of the node
selected by a user of the graphical application is received. The size of the
predefined space around the node and the intensity value associated with the
node are adjusted to modify the shape of the vector curve in the predefined space.
The curvature of the vector curve is adjusted in the predefined space in the
drawing based on the adjusted size of the predefined space and the adjusted
intensity value associated with the node. The predefined space comprises a
region with the node as the center of the region.

[00030] In another example embodiment, a vector curve is generated
using a physical model vector curve. This physical model vector curve has a
curvature based on the intensity value associated with the node and represents
the measure of gravitational forces from the node in the drawing in a ray mode.
[00031] In another example embodiment, a vector curve is generated
relative to a line segment between a first intersection point found between the
existing curve and a perimeter of the predefined space and a second intersection
point found between the existing curve and the perimeter of the predefined space
in an arch mode.

[00032] In another example embodiment, points of an existing curve are
shifted in the predefined space along an axis perpendicular to a line segment
between a first intersection point found between the existing curve and a
perimeter of the predefined space and a second intersection point found between
the existing curve and the perimeter of the predefined space in an arch mode.
[00033] In another example embodiment, points of an existing curve are
shifted in the predefined space along a radial axis of the node in an expand mode.
[00034] In another example embodiment, the vector curve is part of a
curve in the drawing. The vector curve comprises a portion of the curve in the
predefined space. The node in the drawing does not affect portions of the curve
outside the predefined space.

[00035] In another example embodiment, the intensity value associated
with the node is increased to increase the curvature of the vector curve towards
the node in the predefined space. The intensity value associated with the node is

decreased to decrease the curvature of the vector curve towards the node in the
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predefined space. The curvature of the vector curve is adjusted away from the
node in the predefined space when the intensity value is negative.

[00036] In another example embodiment, a first node and a second node
are identified in the drawing. A first size of a first predefined space around the
first node and a first intensity value associated with the first node are determined.
The first intensity value affects the curvature of a first vector curve in the first
predefined space. A second size of a second predefined space around the second
node and a second intensity value associated with the second node are
determined. The second intensity value affects the curvature of a second vector
curve in the second predefined space. The first predefined space intersects the
second predefined space to form a common predefined space. A common vector
curve is generated in the common predefined space. The curvature of the
common vector curve is based on the size of the first and second predefined
spaces and the intensity value associated with the first and second nodes.

[00037] In another example embodiment, a system comprises a memory
coupled to a processor. The memory stores a graphical application. The
processor comprises a node identifier, a node attribute module, and a vector
curve generator. The node identifier identifies a node in a drawing of the
graphical application. The node attribute module determines a size of a
predefined space around the node and an intensity value associated with the node.
The intensity value affects the curvature of a vector curve in the predefined
space. The vector curve generator generates the vector curve in the predefined
space. The curvature of the vector curve is based on the size of the predefined
space and the intensity value associated with the node.

[00038] In another example embodiment, the node identifier is further
configured to receive the identification of the node selected by a user of the
graphical application, to adjust both the size of the predefined space around the
node and the intensity value associated with the node needed to modify the shape
of the vector curve in the predefined space, and to adjust the curvature of the
vector curve in the predefined space in the drawing which is based on the
adjusted size of the predefined space and the adjusted intensity value associated
with the node.

[00039] In another example embodiment, the vector curve generator

comprises a ray mode module configured to generate a physical model vector
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curve having a curvature based on the intensity value associated with the node as
a representation of a measure of gravitational force from the node in the drawing.
[00040] In another example embodiment, the vector curve generator
comprises an arch mode module configured to generate the vector curve relative
to a line segment between a first intersection point found between the existing
curve and a perimeter of the predefined space and a second intersection point
found between the existing curve and the perimeter of the predefined space.
[00041] In another example embodiment, the vector curve generator
comprises an arch mode module configured to shift points of an existing curve in
the predefined space along an axis perpendicular to a line segment between a
first intersection point found between the existing curve and a perimeter of the
predefined space and a second intersection point found between the existing
curve and the perimeter of the predefined space.

[00042] In another example embodiment, the vector curve generator
comprises an arch mode module configured to shift points of an existing curve in
the predefined space along a radial axis of the node.

[00043] In another example embodiment, the node attribute module is
configured to increase the intensity value associated with the node that increases
a curvature of the vector curve towards the node in the predefined space, to
decrease the intensity value associated with the node that decreases a curvature
of the vector curve towards the node in the predefined space. The vector curve
generator is configured to adjust the curvature of the vector curve away from the
node in the predefined space when the intensity value is negative.

[00044] In another example embodiment, the node identifier is configured
to identify a first node and a second node in the drawing. The node attribute
module is configured to determine a first size of a first predefined space around
the first node, and a first intensity value associated with the first node. The first
intensity value affects a curvature of a first vector curve in the first predefined
space. The node attribute model is also configured to determine a second size of
a second predefined space around the second node, and a second intensity value
associated with the second node. The second intensity value affects a curvature
of a second vector curve in the second predefined space. The first predefined
space intersects the second predefined space to form a common predefined space.

The vector curve generator is configured to generate a common vector curve in
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the common predefined space. A curvature of the common vector curve is based
on the sizes of the first and second predefined spaces and the intensity value
associated with the first and second nodes in the drawing.

[00045] In another example embodiment, a non-transitory machine-
readable storage device may store a set of instructions that, when executed by at
least one processor, causes the at least one processor to perform the method
operations discussed within the present disclosure.

[00046] FIG. 2A illustrates an example embodiment of a ray mode
modification process of a vector curve. The ray mode includes a single fixed
point on straight line and is based on classical physics models. For example, an
object 202 orbits a gravitational point (e.g., gravity point 204). As the object
202 moves closer to the gravity point 204, it may be affected. The object 202
may change its direction slowly. The path of the object 202 generates a smooth
curve 206.

[00047] The variables, mass and distance, can affect the curvature of the
path. For example, increasing the mass of the gravity point 204 may generate a
sharp curve 208 for the object 202.

[00048] Inversely, reducing the relative distance between the object 202
and the gravity point 204 may generate an even sharper curve 210 as illustrated
in FIG.2B. As such, two example parameters in the gravity point drawing
method used to control the curves include the intensity of the gravity point 204
and the relative distance between the object 202 and the gravity point 204.
[00049] In a physical model, the affected range of gravity force is
unlimited. In other words, as the distance between the object 202 and the gravity
point 204 increases, the gravity force between the object 202 and the gravity
point 204 approaches zero. In an example embodiment of the gravity point
drawing method, a parameter is generated to limit the affected range. FIG. 3A
illustrates a predefined space 302 that can be adjusted to limit the effect of the
gravity point 204 on the object 202. As such, the path of the object 202 is not
affected outside the predefined space 302. In one embodiment, the predefined
space 302 comprises a region with the gravity point 204 as the center of the
region. Similarly, the path of the object 202 is affected by the gravity point 204
only within the predefined space 302.

[00050] FIG. 3B illustrates a model for a ray mode modification process
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of a vector curve. When the object 202 moves into the predefined space 302 at
geographic location (Py, Py), the object 202 starts to gain acceleration by gravity
forces (G, Gy) from the gravity point 204. The acceleration of the object 202 at
geographic location (P, Py) may be separated into two directional components: a
first direction component a, along the original velocity, and a second direction ay
component vertical to the first direction component a,. The vertical acceleration
ay changes the path of the object 202. As long as the object 202 stays within the
predefined space 302, the path of the object 202 generates a curve. The
curvature may be affected by parameters as further described below.

[00051] FIG. 3C illustrates an example embodiment of an algorithm for
the ray mode modification process of the vector curve of FIG. 3B. An example
of the ray mode modification process of a vector curve is illustrated in FIG. 3C
where the square of the mass “m” of the object 202 makes the acceleration non-
linear. Increasing the mass “m” of the object 202 adds acceleration “a” evenly.
Reducing the relative distance “d” between the object 202 and the gravity point
204 adds different acceleration based on the position of each point along the path
of the object 202.

[00052] The object 202 may move into an area covered by multiple
gravity points. For example, FIG. 4A illustrates a model for a ray mode
modification process of a vector curve for the object 202. The object 202 is
affected by two gravity points 204 and 402 when the object 202 is in the
corresponding predefined space 302 and 404 of gravity points 204 and 402. The
acceleration (a and a’) from each gravity point 204 and 402 is broken down into
horizontal direction (ax and ax’) and vertical direction (ay and ay'). The
composite direction is then calculated based on the combined original directions
(ax and ay’) and vertical direction (ay and ay).

[00053] In another embodiment, the intensity associated with the gravity
point 204 may be reversed. This reverse gravity point method may be referred to
as an inverse option. For example, the distribution of gravity force can be
inversed inside the predefined space 302. In other words, points with more
distance from the gravity point 204 receive more gravity force than points closer
to the gravity point 204. FIG. 4B illustrates an example embodiment of an
algorithm for the reverse gravity point method.

[00054] FIG. 5 illustrates an example embodiment of a sequence 500 for
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generating vector curves using a ray mode modification process as previously
described. In drawing 502, three straight lines 503 are drawn. In drawing 504,
gravity points 510 and 512 are placed within their respective predefined spaces
514, 516. The shape or area of the predefined spaces 514, 516 can be adjusted to
change the affected range. The mass of (or intensity associated with) the gravity
points 510 and 512 may also be adjusted. For example, a positive mass would
represent attractive force while a negative mass would represent a repulsive
force. Drawing 506 illustrates the effects of the gravity point drawing method
on the three lines 503. Drawing 508 illustrates an example of an end result of a
computer graphics drawing using the gravity point drawing method.

[00055] In contrast to the traditional anchors and handles based methods,
the gravity point drawing method is easier to use. Adjusting one gravity point
(e.g., 510, 512) in the gravity point drawing method would be the equivalent of
adjusting multiple anchor points and handlers as illustrated in the example of
FIG. 1C. Furthermore, the relative curvature of the paths is consistently
maintained between the three lines 503 in FIG. 5 when adjusting the gravity
points 510 and 512.

[00056] In accordance with another example embodiment, the gravity
point drawing method includes an arch mode. FIG. 6A illustrates an example of
an arch mode where two points Py and P, are fixed on a single straight line 602.
The portion 604 of the straight line 602 is within a predefined space 606 and is
therefore affected by a gravity point 608 associated with the predefined space
606.

[00057] In the arch mode, the acceleration as previously described is not a
parameter in this case. The arch mode produces a vector curve 610 defined by
three points: Py, Py, and P,. Py and P; are two points of intersection between the
straight line 602 and the predefined space 606 which are associated with the
gravity point 608. P, is a point along the vector curve 610 closest to the gravity
point 608. In other words, Py, P;, and P, make up a Quadratic Bézier curve.
FIG. 6B illustrates an example embodiment of an algorithm for the arch mode
modification process of the vector curve of FIG. 6A where P2, and P2,
represent geographic coordinates of the point P, B(t) represents the offset
relative to the portion 604 of the straight line 602 to generate the vector curve

610.



WO 2014/205632 PCT/CN2013/077797

10

15

20

25

30

[00058] FIG. 7A illustrates another example embodiment of a model for
an arch mode modification process of a new vector curve 710. The arch mode
produces a new vector curve 710 defined by three points: Py, Py, and P,. FIG.
7A illustrates an example of an arch mode where two points Py and P, are fixed
on a single straight line 702. The portion 704 of the line 702 between Py and P,
is within a predefined space 706 and is, therefore, affected by a gravity point 708
associated with the predefined space 706. Because points Py and P; are user-
defined and do not correspond to intersection points between the straight line
702 and the predefined space 706, the arch mode in FIG. 7A illustrates an
asymmetric mode where the intersection points Pg and P, are not defined by the
predefined space 706, and the horizontal movement of the gravity point 708
distorts the arch shape of the new vector curve 710 between intersection points
Py and P;.

[00059] FIG. 7B illustrates an example embodiment of an algorithm for
the arch mode modification process of the vector curve 710 of FIG. 7A where
P2, and P2, represent geographic coordinates of the point P,, B(t) represents the
offset relative to the portion 704 of the straight line 702 to generate the vector
curve 710.

[00060] FIGS. 8A-8E illustrate example embodiments of a model for an
arch mode modification process for existing vector curves. FIG. 8A illustrates
an example of a vector curve 802 with multiple anchor points Py, Py, P,, P5, and
P4, and respective handles 804, 806, 808, 810, and 812. In order to change the
shape of the vector curve 802, anchor points Py, Py, P2, P3, P4, and respective
handles 804, 806, 808, 810, and 812 would all have to be manipulated in a
traditional method.

[00061] FIG. 8B illustrates where the example vector curve 802 intersects
a predefined space 8§14 between two intersection points: PS and P6. The two
intersection points P5 and P6 are added on the vector curve 802 as new anchor
points Py, Py, P5, P35, and P4. A straight line 8§16 between the two intersection
points P5 and P6 forms the direction of a horizontal line. Anchors points Py, Py,
P», P3, and P, are located inside the predefined space 814.

[00062] FIG. 8C illustrates how the relative horizontal distances between
each anchor point to the gravity point 818 associated with the predefined space

814 decides the weight of vertical movement. For example, anchor point Py has

10
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a horizontal distance d1 from the gravity point §18. Anchor point P, has a
horizontal distance d2 from the gravity point §18. Anchor point P3 has a
horizontal distance d3 from the gravity point §18. Because the horizontal
distance d1 is greater than the horizontal distance d2, the vertical displacement
of anchor point P, is greater than the vertical displacement of anchor point P;.
Similarly, because the horizontal distance d3 is greater than the horizontal
distance d2, the vertical displacement of anchor point P; is still greater than the
vertical displacement of anchor point Ps.

[00063] FIG. 8D illustrates how the relative horizontal distance between
each control point to the gravity point 818 decides the weight of vertical
movement. For example, control point 820 has a horizontal distance al from the
gravity point 818. Control point 8§22 has a horizontal distance a2 from the
gravity point 818. Because the horizontal distance al is greater than the
horizontal distance a2, the vertical displacement of control point 8§22 is much
greater than the vertical displacement of control point 8§20.

[00064] FIG. 8E illustrates a mathematical model for vertical
displacement of points along the existing vector curve 8§02. The maximum
vertical displacement of point P2 is represented by MaxP2x and MaxP2y. The
minimum vertical displacement of point P2 is represented by MinP2x and
MinP2y.

[00065] The original Bezier curve may be represented as:

B(t)=(P0, P1, P2...Pn-2, Pn-1, Pn).

[00066] The intersection points may be represented by Pn+1, Pn+2.
[00067] The direction of the horizontal line may be represented as:
tag(a): (Pnsix — Par2x)/(Pasiy-Prizy)

[00068] The anchor points and control points vertical movement may be

represented as:

New Pmy = Pmy — (Pmy — minPmy)*(m2*100%) when m>0

New Pmy = Pmy — (MaxPm, — Pm,)*(m2*100%) when m<0

New Pmy = Pmy — (Pmy — minPmy)*(m2%*100%) when m>0

New Pmy = Pmy — (MaxPmy — Pmy)*(m2%*100%) when m<0

where P, represents an amount of vertical displacement of a point P along the
vector curve §02.

[00069] In this arch mode, the vector curve 802 is bent away or closer to

11
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the horizontal direction line as previously defined. However, the curvature of
the original vector curve 802 will be preserved since the vertical displacement is
adjusted respectively along each point of the vector curve 802 in the predefined
space 814.

[00070] FIG. 8F illustrates the original vector curve 802 modified using
the arch mode of the gravity point method drawing to generate a second curve
824.

[00071] FIG. 9A illustrates an example embodiment of a model for an
expand mode modification process of an existing vector curve. The expand
mode is similar to the previously described arch mode. Similarly, an existing
curve 902 intersects with a predefined space 906 associated with a gravity point
904. The existing curve 902 intersects the edge of the predefined space 906 at
two intersection points: PS5 and P6. The two points P5 and P6 are added to the
existing curve 902 as new anchor points.

[00072] In the present expand mode, there is no horizontal line. Instead,
the respective distance between the anchor points and control points inside the
predefined space 906 and the gravity point 904 decide the amount of radial
displacement. In this mode, the displacement movement is toward or away from
the gravity point 904 along a radial axis of the gravity point 904.

[00073] For example, anchor point P1 has a radial distance of d1 from the
gravity point 904. Anchor point P2 has a radial distance of d2 from the gravity
point 904 and anchor point P3 has a radial distance of d3 from the gravity point
904. Because the radial distance d2 of P2 is less than the radial distance d1 of
P1, the displacement of P2 is greater than P1.

[00074] FIG. 9B illustrates a mathematical model for radial displacement
of points of the existing curve 902. The maximum vertical displacement of point
P2 is represented by MaxP2x and MaxP2y. The minimum vertical displacement
of point P2 is represented by MinP2x and MinP2y.

[00075] The original Bezier curve may be represented as:

B(t)=(PO, P1, P2...Pn-2, Pn-1, Pn).

[00076] The intersection points may be represented by Pn+1, Pn+2.
[00077] The direction movement (towards or away from the gravity point)
may be represented as:

tag(a): (Gx-Pmy)/(Gy-Pmy)

12
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[00078] The anchor points and control points radial displacements may be
represented as:

New Pmy = Pmy — (Pmy — mianX)*(mz*loo%) when m>0

New Pmy = Pm, — (MaxPm, — me)*(mz*loo%) when m<0

New Pmy = Pmy — (Pmy — minPmy)*(m**100%) when m>0

New Pmy = Pm, — (MaxPm, — Pm,)*(m>*100%) when m<0

where Py, represents an amount of radial displacement of a point P along the
existing curve 902.

[00079] FIG. 9C illustrates the existing curve 902 modified using the arch
mode of the gravity point drawing method to generate a second curve 908. In
this mode, the distribution of anchor points may be changed. This mode
contracts points and curves towards the gravity point 904 or expand them to the
edge of the predefined space 906.

[00080] As such, by changing the size of the predefined space, a user can
choose which part of a curve needs to receive gravity force. Furthermore, by
moving a gravity point, a user can choose which part of the curve receives
effects.

[00081] FIG. 10 illustrates a block diagram of an example embodiment of
a graphical application 1000 used to implement the gravity point drawing
method as previously described. The graphical application 1000 may be used to
generate new vector curves and modify existing vector curves in computer
generated drawings.

[00082] In one embodiment, the graphical application 1000 comprises a
gravity point drawing module 1002, a node identifier module 1004, a node
attribute module 1006, and a vector curve generator 1008.

[00083] The node identifier module 1004 identifies a node in a drawing of
the graphical application 1000. For example, the node identifier module 1004
identifies the gravity point 204 of FIG. 3B as the node.

[00084] The node attribute module 1006 determines a size of a predefined
space around the node and an intensity value associated with the node. The
intensity value affects a curvature of a vector curve in the predefined space. For
example, the node attribute module 1006 determines the size of the predefined
space 302 around the gravity point 204 in FIG. 3B. The predefined space 302

may be a two-dimensional area or a three-dimensional space. In another

13



WO 2014/205632 PCT/CN2013/077797

10

15

20

25

30

embodiment, the predefined space 302 may be a circle or sphere or any user-
defined enclosed shape. In other words, the predefined space 302 does not have
to be a circle, but can also include other shapes such as a box, a rectangle, or any
user-drawn shapes. The intensity value may include the gravitational value
associated with the gravity point 204 (e.g., Gx and Gy) in FIG. 3B.

[00085] The vector curve generator 1008 generates the vector curve in the
predefined space (e.g., 302). The curvature of the vector curve may be based on
the size of the predefined space (e.g., 302) and the intensity value associated
with the node. For example, the curvature of the vector curve 206 is based on
the size of the predefined space 302 and the gravitational value associated with
the gravity point 204 (e.g., Gx and Gy) in FIG. 3B.

[00086] FIG. 11 illustrates a block diagram of an example embodiment of
the vector curve generator 1008. The vector curve generator 1008 comprises a
ray mode module 1102, an arch mode module 1104, and an expand mode
module 1106.

[00087] The ray mode module 1102 may generate a physical model vector
curve having a curvature based on the intensity value associated with the node as
a representation of a measure of gravitational force from the node in the drawing.
For example, the curvature of the vector curve 206 is based on the gravitational
value of the gravity point 204 and the size of the predefined space 302 in FIG.
3A.

[00088] The arch mode module 1104 may generate the vector curve
relative to a line segment between a first intersection point found between the
existing curve and a perimeter of the predefined space and a second intersection
point found between the existing curve and the perimeter of the predefined space.
For example, the arch mode module 1104 generates the vector curve 610 relative
to portion of the straight-line segment 604 in FIG. 6A.

[00089] The expand mode module 1106 may shift points of an existing
curve in the predefined space along an axis perpendicular to a line segment
between a first intersection point found between the existing curve and a
perimeter of the predefined space and a second intersection point found between
the existing curve and the perimeter of the predefined space. For example, the
expand mode module 1104 generates the second curve 824 in FIG. 8F.

[00090] The expand mode module 1106 may also shift points of an
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existing curve in the predefined space along a radial axis of the node. For
example, the expand mode module 1106 generates the second curve 908 in FIG.
9C.

[00091] FIG. 12 is a flowchart illustrating an example embodiment of a
method 1200 for generating a vector curve. The operations of method 1200 may
be performed by a computer system of the graphical application 1000 or
modules of the graphical application 1000. At operation 1202, a node is
identified in a drawing of a graphical application 1000. The node includes the
gravitational point as previously described. In one embodiment, the node
identifier module 1004 of FIG. 10 performs this operation.

[00092] At operation 1204, the size of a predefined space around the node
and an intensity value associated with the node are determined. The intensity
value affects the curvature of a vector curve in the predefined space. In one
embodiment, the node attribute module 1006 of FIG. 10 performs this operation.
[00093] At operation 1206, the vector curve is generated in the predefined
space. The curvature of the vector curve is based on the size of the predefined
space and the intensity value associated with the node in the drawing. In one
embodiment, the vector curve generator 1008 of FIG. 10 performs this operation.
[00094] FIG. 13 is a flowchart illustrating another example embodiment
of a method for generating a vector curve. At operation 1302, an identification
of the node selected by a user of the graphical application is received. In one
embodiment, the node identifier module 1004 of FIG. 10 performs this operation.
[00095] At operation 1304, the size of the predefined space around the
node and the intensity value associated with the node are adjusted to modify a
shape of the vector curve in the predefined space. In one embodiment, the
vector curve generator 1008 of FIG. 10 performs this operation.

[00096] At operation 1306, the curvature of the vector curve is adjusted in
the predefined space in the drawing based on the adjusted size of the predefined
space and the adjusted intensity value associated with the node. The predefined
space comprises a region with the node as a center of the region. In one

embodiment, the vector curve generator 1008 of FIG. 10 performs this operation.
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MODULES, COMPONENTS AND LOGIC

[00097] Certain embodiments are described herein as including logic or a
number of components, modules, or mechanisms. Modules may constitute either
software modules (e.g., code embodied on a machine-readable medium or in a
transmission signal) or hardware modules. A hardware module is a tangible unit
capable of performing certain operations and may be configured or arranged in a
certain manner. In example embodiments, one or more computer systems (e.g.,
a standalone, client, or server computer system) or one or more hardware
modules of a computer system (e.g., a processor or a group of processors) may
be configured by software (e.g., an application or application portion) as a
hardware module that operates to perform certain operations as described herein.
[00098] In various embodiments, a hardware module may be implemented
mechanically or electronically. For example, a hardware module may comprise
dedicated circuitry or logic that is permanently configured (e.g., as a special-
purpose processor, such as a field programmable gate array (FPGA) or an
application-specific integrated circuit (ASIC)) to perform certain operations. A
hardware module may also comprise programmable logic or circuitry (e.g., as
encompassed within a general-purpose processor or other programmable
processor) that is temporarily configured by software to perform certain
operations. It will be appreciated that the decision to implement a hardware
module mechanically, in dedicated and permanently configured circuitry, or in
temporarily configured circuitry (e.g., configured by software) may be driven by
cost and time considerations.

[00099] Accordingly, the term “hardware module” should be understood
to encompass a tangible entity, be that an entity that is physically constructed,
permanently configured (e.g., hardwired) or temporarily configured (e.g.,
programmed) to operate in a certain manner and/or to perform certain operations
described herein. Considering embodiments in which hardware modules are
temporarily configured (e.g., programmed), each of the hardware modules need
not be configured or instantiated at any one instance in time. For example,
where the hardware modules comprise a general-purpose processor configured
using software, the general-purpose processor may be configured as respective
different hardware modules at different times. For example, software may

accordingly configure a processor to constitute a particular hardware module at
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one instance of time and to constitute a different hardware module at a different
instance of time.

[000100] Hardware modules can provide information to, and receive
information from, other hardware modules. Accordingly, the described hardware
modules may be regarded as being communicatively coupled. Where multiple of
such hardware modules exist contemporaneously, communications may be
achieved through signal transmission (e.g., over appropriate circuits and buses)
that connect the hardware modules. In embodiments in which multiple hardware
modules are configured or instantiated at different times, communications
between such hardware modules may be achieved, for example, through the
storage and retrieval of information in memory structures to which the multiple
hardware modules have access. For example, one hardware module may perform
an operation and store the output of that operation in a memory device to which
it is communicatively coupled. A further hardware module may then, at a later
time, access the memory device to retrieve and process the stored output.
Hardware modules may also initiate communications with input or output
devices and can operate on a resource (e.g., a collection of information).
[000101] The various operations of example methods described herein may
be performed, at least partially, by one or more processors that are temporarily
configured (e.g., by software) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured, such processors
may constitute processor-implemented modules that operate to perform one or
more operations or functions. The modules referred to herein may, in some
example embodiments, comprise processor-implemented modules.

[000102] Similarly, the methods described herein may be at least partially
processor-implemented. For example, at least some of the operations of a
method may be performed by one or more processors or processor-implemented
modules. The performance of certain of the operations may be distributed
among the one or more processors, not only residing within a single machine,
but deployed across a number of machines. In some example embodiments, the
processor or processors may be located in a single location (e.g., within a home
environment, an office environment or as a server farm), while in other

embodiments the processors may be distributed across a number of locations.
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[000103] The one or more processors may also operate to support
performance of the relevant operations in a “cloud computing” environment or
as a “software as a service” (SaaS). For example, at least some of the operations
may be performed by a group of computers (as examples of machines including
processors), these operations being accessible via a network and via one or more

appropriate interfaces (e.g., APIs).

ELECTRONIC APPARATUS AND SYSTEM

[000104] Example embodiments may be implemented in digital electronic
circuitry or in computer hardware, firmware, software, or in combinations of
them. Example embodiments may be implemented using a computer program
product, (e.g., a computer program tangibly embodied in an information carrier,
e.g., in a machine-readable medium for execution by, or to control the operation
of, data processing apparatus, €.g., a programmable processor, a computer, or
multiple computers).

[000105] A computer program can be written in any form of programming
language, including compiled or interpreted languages, and it can be deployed in
any form, including as a stand-alone program or as a module, subroutine, or
other unit suitable for use in a computing environment. A computer program can
be deployed to be executed on one computer or on multiple computers at one site
or distributed across multiple sites and interconnected by a communication
network.

[000106] In example embodiments, operations may be performed by one or
more programmable processors executing a computer program to perform
functions by operating on input data and generating output. Method operations
can also be performed by, and apparatus of example embodiments may be
implemented as, special purpose logic circuitry (e.g., a FPGA or an ASIC).
[000107] A computing system can include clients and servers. A client and
a server are generally remote from each other and typically interact through a
communication network. The relationship of client and server arises by virtue of
computer programs running on the respective computers and having a client-
server relationship to each other. In embodiments deploying a programmable
computing system, it will be appreciated that both hardware and software

architectures merit consideration. Specifically, it will be appreciated that the
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choice of whether to implement certain functionality in permanently configured
hardware (e.g., an ASIC), in temporarily configured hardware (e.g., a
combination of software and a programmable processor), or a combination of
permanently and temporarily configured hardware may be a design choice.
Below, are set out hardware (e.g., machine) and software architectures that may

be deployed in various example embodiments.

EXAMPLE MACHINE ARCHITECTURE AND MACHINE-READABLE
MEDIUM

[000108]  FIG. 14 is a block diagram of a machine in the example form of a
computer system 1400 within which instructions (e.g., 1424) for causing the
machine to perform any one or more of the methodologies discussed herein may
be executed. In alternative embodiments, the machine operates as a standalone
device or may be connected (e.g., networked) to other machines. In a networked
deployment, the machine may operate in the capacity of a server or a client
machine in a server-client network environment, or as a peer machine in a peer-
to-peer (or distributed) network environment. The machine may be a personal
computer (PC), a tablet PC, a set-top box (STB), a Personal Digital Assistant
(PDA), a cellular telephone, a web appliance, a network router, switch or bridge,
or any machine capable of executing instructions (e.g., 1424- sequential or
otherwise) that specify actions to be taken by that machine. Further, while only
a single machine is illustrated, the term “machine” shall also be taken to include
any collection of machines that individually or jointly execute a set (or multiple
sets) of instructions (e.g., 1424) to perform any one or more of the
methodologies discussed herein.

[000109]  The example computer system 1400 includes a processor 1402 (e.g.,
a central processing unit (CPU), a graphics processing unit (GPU) or both), a
main memory 1404 and a static memory 1406, which communicate with each
other via a bus 1408. The computer system 1400 may further include a video
display unit 1410 (e.g., a liquid crystal display (LCD) or a cathode ray tube
(CRT)). The computer system 1400 also includes an alphanumeric input device
1412 (e.g., a keyboard), a user interface (UI) navigation (or cursor control)
device 1414 (e.g., a mouse), a disk drive unit 1416, a signal generation device

1418 (e.g., a speaker) and a network interface device 1420.
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MACHINE-READABLE MEDIUM

[000110] The disk drive unit 1416 includes a machine-readable medium
1422 on which is stored one or more sets of data structures and instructions 1424
(e.g., software) embodying or utilized by any one or more of the methodologies
or functions described herein. The instructions 1424 may also reside, completely
or at least partially, within the main memory 1404 and/or within the processor
1402 during execution thereof by the computer system 1400, the main memory
1404 and the processor 1402 also constituting machine-readable media. The
instructions 1424 may also reside, completely or at least partially, within the
static memory 1406.

[000111] While the machine-readable medium 1422 is shown in an
example embodiment to be a single medium, the term "machine-readable
medium" may include a single medium or multiple media (e.g., a centralized or
distributed database, and/or associated caches and servers) that store the one or
more instructions 1424 or data structures. The term "machine-readable medium"
shall also be taken to include any tangible medium that is capable of storing,
encoding or carrying instructions (e.g., 1424) for execution by the machine and
that cause the machine to perform any one or more of the methodologies of the
present embodiments, or that is capable of storing, encoding or carrying data
structures utilized by or associated with such instructions (e.g., 1424). The term
"machine-readable medium" shall accordingly be taken to include, but not be
limited to, solid-state memories, and optical and magnetic media. Specific
examples of machine-readable media include non-volatile memory, including by
way of example semiconductor memory devices (e.g., Erasable Programmable
Read-Only Memory (EPROM), Electrically Erasable Programmable Read-Only
Memory (EEPROM), and flash memory devices); magnetic disks such as
internal hard disks and removable disks; magneto-optical disks; compact disc-
read-only memory (CD-ROM) and digital versatile disc (or digital video disc)
read-only memory (DVD-ROM) disks.

TRANSMISSION MEDIUM
[000112] The instructions 1424 may further be transmitted or received over

a communications network 1426 using a transmission medium. The instructions
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1424 may be transmitted using the network interface device 1420 and any one of
a number of well-known transfer protocols (e.g., HTTP). Examples of
communication networks 1426 include a LAN, a WAN, the Internet, mobile
telephone networks, POTS networks, and wireless data networks (e.g., WiFi and
WiMax networks). The term "transmission medium" shall be taken to include
any intangible medium capable of storing, encoding, or carrying instructions
(e.g., 1424) for execution by the machine, and includes digital or analog
communication signals or other intangible media to facilitate communication of
such software.

[000113] Although an embodiment has been described with reference to
specific example embodiments, it will be evident that various modifications and
changes may be made to these embodiments without departing from the broader
spirit and scope of the present disclosure. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof, show by way of illustration and
not of limitation, specific embodiments in which the subject matter may be
practiced. The embodiments illustrated are described in sufficient detail to
enable those skilled in the art to practice the teachings disclosed herein. Other
embodiments may be utilized and derived therefrom, such that structural and
logical substitutions and changes may be made without departing from the scope
of this disclosure. Therefore, this Detailed Description is not to be taken in a
limiting sense, and the scope of various embodiments is defined only by the
appended claims along with the full range of equivalents to which such claims
are entitled.

[000114] Such embodiments of the inventive subject matter may be
referred to herein, individually and/or collectively, by the term “invention”
merely for convenience and without intending to voluntarily limit the scope of
this application to any single invention or inventive concept if more than one is
in fact disclosed. Although specific embodiments have been illustrated and
described herein, it should be appreciated that any arrangement calculated to
achieve the same purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all adaptations or variations

of several embodiments. Combinations of the above embodiments and other
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embodiments not specifically described herein, will be apparent to those of skill
in the art upon reviewing the above description.

[000115] The Abstract of the Disclosure is provided to comply with 37
C.F.R. §1.72(b), requiring an abstract that will allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the
understanding that it will not be used to interpret or limit the scope or meaning
of the claims. In addition, in the foregoing Detailed Description, it can be seen
that various features are grouped together in a single embodiment for the
purpose of streamlining the disclosure. This method of disclosure is not to be
interpreted as reflecting an intention that the claimed embodiments require more
features than are expressly recited in each claim. Rather, as the following claims
reflect, the inventive subject matter lies in less than all features of a single
disclosed embodiment. Thus, the following claims are hereby incorporated into
the Detailed Description with each claim standing on its own as a separate

embodiment.
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WHAT IS CLAIMED IS:

1. A method comprising:

identifying a node in a drawing of a graphical application embodied in a
processor of a machine;

determining a size of a predefined space around the node and an intensity
value associated with the node, the intensity value affecting a curvature of a
vector curve in the predefined space; and

generating the vector curve in the predefined space, a curvature of the
vector curve based on the size of the predefined space and the intensity value

associated with the node in the drawing.

2. The method of claim 1, further comprising:

receiving an identification of the node selected by a user of the graphical
application;

adjusting the size of the predefined space around the node and the
intensity value associated with the node to modify a shape of the vector curve in
the predefined space; and

adjusting the curvature of the vector curve in the predefined space in the
drawing based on the adjusted size of the predefined space and the adjusted

intensity value associated with the node.

3. The method of claim 1, wherein the predefined space comprises a region

with the node as a center of the region.

4. The method of claim 1, further comprising:

generating the vector curve using a physical model vector curve having a
curvature based on the intensity value associated with the node as a
representation of a measure of gravitational force from the node in the drawing

in a ray mode.

5. The method of claim 4, further comprising:
generating the vector curve relative to a line segment between a first

intersection point found between an existing curve and a perimeter of the
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predefined space and a second intersection point found between the existing

curve and the perimeter of the predefined space in an arch mode.

6. The method of claim 4, further comprising:

5 shifting points of an existing curve in a predefined space along an axis
perpendicular to a line segment between a first intersection point found between
the existing curve and a perimeter of the predefined space and a second
intersection point found between the existing curve and the perimeter of the

predefined space in an arch mode.

10

7. The method of claim 4, further comprising:
shifting points of an existing curve in a predefined space along a radial
axis of the node in an expand mode.

15 8. The method of claim 4, wherein the vector curve is part of a curve in a
drawing, the vector curve comprising a portion of the curve in a predefined
space, portions of the curve outside the predefined space are not affected by the
node in the drawing.

20 0. The method of claim 1, further comprising:

increasing the intensity value associated with the node to increase the
curvature of the vector curve towards the node in the predefined space;

decreasing the intensity value associated with the node to decrease the
curvature of the vector curve towards the node in the predefined space; and

25 adjusting the curvature of the vector curve away from the node in the
predefined space when the intensity value is negative.

10. The method of claim 1, further comprising:
identifying a first node and a second node in the drawing;
30 determining a first size of a first predefined space around the first node

and a first intensity value associated with the first node, the first intensity value
affecting a curvature of a first vector curve in the first predefined space;
determining a second size of a second predefined space around the

second node and a second intensity value associated with the second node, the
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second intensity value affecting a curvature of a second vector curve in the
second predefined space, the first predefined space intersecting the second
predefined space to form a common predefined space; and

generating a common vector curve in the common predefined space, a
curvature of the common vector curve based on the size of the first and second
predefined spaces and the intensity value associated with the first and second

nodes.

11. A system comprising:
a memory configured to store a graphical application; and
a processor coupled to the memory, the processor comprising:

a node identifier configured to identify a node in a drawing of the
graphical application;

a node attribute module configured to determine a size of a
predefined space around the node and an intensity value associated with
the node, the intensity value affecting a curvature of a vector curve in the
predefined space; and

a vector curve generator configured to generate the vector curve
in the predefined space, the curvature of the vector curve based on the

size of the predefined space and the intensity value associated with the

node.
12. The system of claim 11, wherein the node identifier is further configured
to:

receive an identification of the node selected by a user of the graphical
application;

adjust the size of the predefined space around the node and the intensity
value associated with the node to modify a shape of the vector curve in the
predefined space; and

adjust the curvature of the vector curve in the predefined space in the
drawing based on the adjusted size of the predefined space and the adjusted

intensity value associated with the node.
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13. The system of claim 11, wherein the predefined space comprises a region

with the node as a center of the region.

14. The system of claim 11, wherein the vector curve generator comprises a
ray mode module configured to generate a physical model vector curve having a
curvature based on the intensity value associated with the node as a

representation of a measure of gravitational force from the node in the drawing.

15. The system of claim 14, wherein the vector curve generator comprises an
arch mode module configured to generate a vector curve relative to a line
segment between a first intersection point found between an existing curve and a
perimeter of a predefined space and a second intersection point found between

the existing curve and the perimeter of the predefined space.

16. The system of claim 14, wherein the vector curve generator comprises an
arch mode module configured to shift points of an existing curve in a predefined
space along an axis perpendicular to a line segment between a first intersection
point found between the existing curve and a perimeter of the predefined space
and a second intersection point found between the existing curve and the

perimeter of the predefined space.

17. The system of claim 14, wherein the vector curve generator comprises an
arch mode module configured to shift points of an existing curve in a predefined

space along a radial axis of the node.

18. The system of claim 11, wherein the vector curve generator is configured
to:

increase the intensity value associated with the node to increase the
curvature of the vector curve towards the node in the predefined space;

decrease the intensity value associated with the node to decrease the
curvature of the vector curve towards the node in the predefined space; and

adjust the curvature of the vector curve away from the node in the

predefined space when the intensity value is negative.
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19. The system of claim 11, wherein the node identifier is configured to
identify a first node and a second node in the drawing,

wherein the node attribute module is configured to determine a first size
of a first predefined space around the first node and a first intensity value
associated with the first node, the first intensity value affecting a curvature of a
first vector curve in the first predefined space, to determine a second size of a
second predefined space around the second node and a second intensity value
associated with the second node, the second intensity value affecting a curvature
of a second vector curve in the second predefined space, the first predefined
space intersecting the second predefined space to form a common predefined
space, and

wherein the vector curve generator is configured to generate a common
vector curve in the common predefined space, a curvature of the common vector
curve based on the size of the first and second predefined spaces and the

intensity value associated with the first and second nodes in the drawing.

20. A non-transitory machine-readable storage medium storing instructions
which, when executed by at least one processor, performs operations comprising:
identifying a node in a drawing of a graphical application;
determining a size of a predefined space around the node, and an
intensity value associated with the node, the intensity value affecting a curvature
of a vector curve in the predefined space; and
generating the vector curve in the predefined space, the curvature of the
vector curve based on the size of the predefined space and the intensity value

associated with the node in the drawing.
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