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(57) ABSTRACT

A “Charting Animator” enhances computer-based charting/
graphing systems by rendering dynamic animations of chart
transitions. In general, when a user changes from one chart
type to another, adds new data to a chart, or changes, sorts or
deletes data, a new chart is generated to replace the old chart.
Conventional charting systems simply replace the existing
chart with the new chart. In contrast to conventional systems,
the Charting Animator renders animated transitions that
dynamically morph the original chart into the new chart.
Consequently, these animations avoid abrupt changes that
can disorient users. Examples of these animations include
animating changes from one chart family to another (e.g.,
changing from a “Bar Chart” to a “Pie Chart”), animating
changes from one chart type within a chart family to another
chart type (e.g., changing 2D Bar Charts to 3D Bar Charts or
Stacked Bar Charts), animating data changes, animating
sorts, etc.
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GRAPHICAL MANIPULATION OF CHART
ELEMENTS FOR INTERACTING WITH
CHART DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
U.S. patent application Ser. No. 11/674,115, filed on Feb. 12,
2007, by Robertson, et al., and entitled “ANIMATED TRAN-
SITIONS FOR DATA VISUALIZATION,” and claims the
benefit of that prior application under Title 35, U.S. Code,
Section 120.

BACKGROUND
[0002] 1. Technical Field
[0003] The invention is related to computer-based data

charting and graphing, and in particular, to a system for auto-
matically animating transitions when changing from one
chart or graph type to another and/or when changing data
values associated with those charts and graphs.

[0004] 2. Related Art

[0005] Computer-based charting and graphing software
tools are well known to those skilled in the art. Such software
tools are often used to generate data displays such as, for
example, pie charts, bar charts, data graphs, etc. Convention-
ally, these types of software tools allow a user to select or
enter one or more data sets, and then select a chart type for
rendering a chart or graph display of that data. Then, when-
ever a user changes from one chart type to another, or when-
ever data is added or changed, a new chart is rendered and the
original chart is simply replaced by the newly rendered chart.
However, while not animating changes between charts, when
presenting a new chart, some conventional software tools will
animate bars of data growing from a “no data” state to the
current data (either one bar at a time or all bars in parallel).
[0006] Oneofthe problems with simply replacing one chart
with another is that the user doesn’t really get a sense of how
the data has changed, especially if those changes are subtle or
if they involve multiple data elements (such as changes to
several related bars in a bar chart). Further, since one chart
simply replaces another (at computer display rendering
speeds), the change is essentially immediate. Unfortunately,
this type of abrupt change is often disorienting to users.
[0007] Another feature of conventional charting and graph-
ing software tools is that data is entered, and then the corre-
sponding charts and/or graphs are rendered as a function of
the data. Changes to those charts and graphs are accom-
plished by editing or otherwise changing the underlying data,
at which point these conventional software tools will render a
new chart or graph corresponding to the newly edited data.
Unfortunately, this feature is typically one-way. In other
words, charts and graphs are changed by direct manipulation
of the underlying data, while the underlying data is not
changed by direct manipulation of the corresponding chart or
graph.

SUMMARY

[0008] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.
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[0009] A “Charting Animator” enhances computer-based
charting/graphing systems by rendering dynamic animations
of chart display transitions. In general, when a user changes
from one chart type to another, when new data is added to a
chart, or when existing data is changed, sorted or deleted, a
new chart appears to replace the old chart. Conventional
charting systems simply replace the existing chart with a new
chart. However, unlike conventional charting systems, the
Charting Animator renders an animated transition for
dynamically morphing the original chart into the new chart.

[0010] Consequently, the animation provided by the Chart-
ing Animator avoids abrupt changes that can be disorienting
to users. Examples of the animations provided by the Chart-
ing Animator include animating changes from one chart fam-
ily to another (e.g., changing a “Bar Chart” into a “Pie Chart”,
etc.), changes from one chart type within a chart family to
another chart type (e.g., changing from a “2D Bar Chart” into
a “3D Bar Chart” or a “Stacked Bar Chart”, etc.), changes to
data, etc. In general, these animations are timed to occur over
arelatively short period of time that allows the user to visually
perceive changes to displayed charts while being sufficiently
short in time so that users do not perceive that they are waiting
for the system. However, any desired animation length,
including varying length for different types animations are
enabled by the Charting Animator.

[0011] Further, in various embodiments, elements of the
displayed charts are user selectable and provide direct inter-
active manipulation and feedback with the underlying data.
For example, in various embodiments, the Charting Animator
provides the capability to directly manipulate elements of
charts, such as, for example, the height of one or more bars in
a bar chart, the size of a slice in a pie chart, individual peaks
or points in a line chart, etc. Other direct manipulation
includes moving chart elements from one location to another,
including stacking or combining elements of the chart. For
example, stacking one bar on top of another in a bar chart will
serve to combine those bars into a single element, thereby
combining the underlying data into a single data set. Inrelated
embodiments, the Charting Animator allows combined ele-
ments or data sets to be separated back out at a later time, if
desired.

[0012] Similarly, the Charting Animator provides the capa-
bility to directly add or delete elements from a chart, thereby
creating, or deleting, an underlying data set. For example,
inserting a new rectangular bar in a Bar Chart will create a
corresponding data element for the new bar element, while
deleting a pie slice from a pie chart will delete the underlying
data element and expand the relative sizes of the remaining
slice elements of the Pie Chart.

[0013] In either case, a change to any chart elements via
direct manipulation, insertion, or deletion causes the Charting
Animator to immediately modify the underlying data, as well
as any interrelated data or chart elements. Further, in various
embodiments, the Charting Animator combines animation
embodiments with direct manipulation embodiments. For
example, in one combination embodiment, as the user
manipulates one graphical element of a chart, such as, for
example, the height of a bar in a bar chart, the underlying data
set will change in correspondence to the graphical change.
Simultaneously, any related data sets that are dependent upon
the underlying data being changed by manipulation of the
graphical element will also be automatically changed, with
corresponding animations being simultaneously rendered for
the corresponding graphical elements of the chart.
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[0014] Finally, in yet another embodiment, the Charting
Animator provides the capability to construct “composite
charts” as a composition of one or more existing charts. As a
result, two or more relatively simple charts can be combined
to compose a more complex composite chart. Further, the
Charting Animator described herein provides the capability
to predefine composite chart types for user selection. A
simple example of a composite chart enabled by the Charting
Animator is termed a “Quantity Flow Diagram.”

[0015] An example of a Quantity Flow Diagram is a com-
posite data set that includes dates and amounts of incoming
quantities and dates and amounts of outgoing quantities, such
as, for example, cash flow or material (inventory) availability.
Given this example data set, the Charting Animator constructs
the Quantity Flow Diagram as a composite chart that shows
incoming quantities in a first Bar Chart (positive bars trending
up from a common axis), a second Bar Chart below the first
that shows the outgoing quantities (negative bars trending
down from the common axis), and a Plateau Chart below the
first and second Bar Charts showing the quantity flow (the
difference of the two quantities over time). Further, all of the
elements of this three part composite chart are interrelated.
Therefore, in one embodiment, changes made to any one
element of the composite chart (or to the underlying data) will
be immediately reflected in all related underlying data, as
described above, with those changes also being rendered as
an animation to any corresponding chart elements.

[0016] In view of the above summary, it is clear that the
Charting Animator described herein provides a unique sys-
tem and method for rendering dynamic animations of chart
displays and for manipulating the underlying data of those
chart displays. In addition to the just described benefits, other
advantages of the Charting Animator will become apparent
from the detailed description which follows hereinafter when
taken in conjunction with the accompanying drawing figures.

DESCRIPTION OF THE DRAWINGS

[0017] The specific features, aspects, and advantages of the
present invention will become better understood with regard
to the following description, appended claims, and accompa-
nying drawings where:

[0018] FIG.1 is a general system diagram depicting a gen-
eral-purpose computing device constituting an exemplary
system for implementing various elements of a Charting Ani-
mator, as described herein.

[0019] FIG. 2 illustrates an exemplary architectural system
diagram showing exemplary program modules for imple-
menting various embodiments of the Charting Animator, as
described herein.

[0020] FIG. 3 illustrates an exemplary method for animat-
ing graphical transitions between a Bar Chart element and an
Area Chart element for enabling various chart type and chart
family morphing embodiments of the Charting Animator, as
described herein.

[0021] FIG. 4 illustrates an exemplary method for animat-
ing graphical transitions between a Bar Chart element and a
Pie Chart element for enabling various chart type and chart
family morphing embodiments of the Charting Animator, as
described herein.

[0022] FIG. 5 illustrates an exemplary method for animat-
ing graphical transitions of line elements of a line chart for
enabling various chart type and chart family morphing
embodiments of the Charting Animator, as described herein.
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[0023] FIG. 6 Illustrates an example of a composite chart
comprising a “Quantity Flow Diagram” produced by the
Charting Animator, as described herein.

DETAILED DESCRIPTION

[0024] In the following description of various embodi-
ments of the present invention, 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 invention may be practiced. It is understood that
other embodiments may be utilized and structural changes
may be made without departing from the scope of the present
invention.

1.0 Exemplary Operating Environment

[0025] FIG. 1 illustrates an example of a simplified com-
puting environment on which various embodiments and ele-
ments of a “Charting Animator,” as described herein, may be
implemented. It should be noted that any boxes that are rep-
resented by broken or dashed lines in FIG. 1 represent alter-
nate embodiments of the simplified computing environment,
as described herein, and that any or all of these alternate
embodiments, as described below, may be used in combina-
tion with other alternate embodiments that are described
throughout this document.

[0026] At a minimum, to enable a computing device to
implement the “Charting Animator” (as described in further
detail below), the computing device must have at least some
minimum computational capability, a display device, an
optional input device, and some local or remote data storage
and access capability.

[0027] In general, FIG. 1 illustrates an exemplary general
computing system 100. The computing system 100 is only
one example of a suitable computing environment and is not
intended to suggest any limitation as to the scope of use or
functionality of the invention. Neither should the computing
system 100 be interpreted as having any dependency or
requirement relating to any one or combination of compo-
nents illustrated in the exemplary computing system 100.
[0028] In fact, the invention is operational with numerous
other general purpose or special purpose computing system
environments or configurations. Examples of well known
computing systems, environments, and/or configurations that
may be suitable for use with the invention include, but are not
limited to, personal computers, server computers, hand-held,
laptop or mobile computer or communications devices such
as cell phones, PDA’s, pocket PC’s or media players, multi-
processor systems, microprocessor-based systems, set top
boxes, programmable consumer electronics, network PCs,
minicomputers, mainframe computers, distributed comput-
ing environments that include any of the above systems or
devices, and the like.

[0029] The invention may be described in the general con-
text of computer-executable instructions, such as program
modules, being executed by a computer or a computing
device in combination with various hardware modules. Gen-
erally, program modules include routines, programs, objects,
components, data structures, etc., that perform particular
tasks or implement particular abstract data types. The inven-
tion may also be practiced in distributed computing environ-
ments where tasks are performed by remote processing
devices that are linked through a communications network. In
a distributed computing environment, program modules may
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be located in both local and remote computer storage media
including memory storage devices.

[0030] Forexample, with reference to FIG. 1, an exemplary
system for implementing the invention includes a general-
purpose computing device in the form of computing system
100. Components of the computing system 100 may include,
but are not limited to, one or more processing units 110, a
system memory 120, one or more communications interfaces
130, one or more input and/or output devices, 140 and 150,
respectively, and data storage 160 that is removable and/or
non-removable, 170 and 180, respectively. In addition, the
computing system 100 may access data remotely via the
communications interface 130.

[0031] Thecommunications interface 130 is generally used
for connecting the computing device 100 to other devices via
any conventional interface or bus structure, such as, for
example, an Ethernet port, a parallel port, a game port, a
universal serial bus (USB), an IEEE 1394 interface, a Blue-
tooth™ wireless interface, an IEEE 802.11 wireless interface,
GSM cell phone network, etc. Such interfaces 130 are gen-
erally used to transfer information, data, or program modules
to or from the computing device 100.

[0032] The input devices 140 generally include devices
such as a keyboard and pointing device, commonly referred to
as a mouse, trackball, or touch pad. Such input devices may
also include other devices such as a joystick, game pad, sat-
ellite dish, scanner, GPS receiver, radio receiver, and a tele-
vision or broadcast video receiver, or the like. Conventional
output devices 150 include elements such as a computer
monitors or other display devices, audio output devices, etc.
Other input 140 and output 150 devices may include speech
or audio input devices, such as a microphone or a microphone
array, loudspeakers or other sound output device, etc.

[0033] The data storage 160 of computing device 100 typi-
cally includes a variety of computer readable storage media.
Computer readable storage media can be any available media
that can be accessed by computing device 100 and includes
both volatile and nonvolatile media, removable and non-re-
movable media. By way of example, and not limitation, com-
puter readable media may comprise computer storage media
and communication media. Computer storage media includes
volatile and nonvolatile removable and non-removable media
implemented in any method or technology for storage of
information such as computer readable instructions, data
structures, program modules, or other data.

[0034] Computer storage media includes, but is not limited
to, RAM, ROM, PROM, EPROM, EEPROM, flash memory,
or other memory technology; CD-ROM, digital versatile
disks (DVD), or other optical disk storage; magnetic cas-
settes, magnetic tape, magnetic disk storage, hard disk drives,
or other magnetic storage devices. Computer storage media
also includes any other medium or communications media
which can be used to store, transfer, or execute the desired
information or program modules, and which can be accessed
by the computing device 100. Communication media typi-
cally embodies computer readable instructions, data struc-
tures, program modules or other data provided via any con-
ventional information delivery media or system.

[0035] The computing device 100 may also operate in a
networked environment using logical connections to one or
more remote computers, including, for example, a personal
computer, a server, a router, a network PC, a peer device, or
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other common network node, and typically includes many or
all of the elements described above relative to the computing
device 100.

[0036] The exemplary operating environments having now
been discussed, the remaining part of this description will be
devoted to a discussion of the program modules and processes
embodying the “Charting Animator.”

2.0 Introduction

[0037] A “Charting Animator,” as described herein,
enhances computer-based charting/graphing systems by ren-
dering dynamic animations of chart displays. In various
embodiments, the Charting Animator provides animated
chart transitions in response to various user actions (e.g.,
changing from one chart type to another, adding new data to
a chart, changing, sorting or deleting data, modifying one or
more chart elements via selection and manipulation of those
elements, etc.). Note also that in one embodiment, animated
chart transitions are initiated in response to automatic
changes to the data (e.g., live data changes such as real-time
stock quotes, sensor readings, reviewing sequences of
recorded or simulated data or query changes, etc.). In either
case, the result of the animated transition is to provide an
animation that replaces the original chart by dynamically
morphing the original chart into the new chart. Consequently,
these animations avoid abrupt changes that can disorient
users. Examples of these animations include animating
changes from one chart family to another (e.g., changing from
a “Bar Chart” to a “Pie Chart”), animating changes from one
chart type within a chart family to another chart type (e.g.,
changing a Bar Chart to a 3D Bar Chart or a Stacked Bar
Chart), animating changes to data, etc.

[0038] Note that the concept of “chart types™” and “chart
families™ is well known to those skilled in the art. In general,
a chart family includes one or more chart types. For example,
conventional “2D Bar Charts,” “3D Bar Charts,” and
“Stacked Bar Charts” are members (chart types) of the more
generic “Bar Chart” family. Examples of distinct chart fami-
lies include “Bar Charts,” “Pie Charts,” “Area Charts,” “Line
Charts,” etc. One of the advantages of the animated transi-
tions provided by the Charting Animator is that these transi-
tions provide the user with a visual indication of what changes
are occurring when changing from one chart type to another
(e.g., animating a transition from a 2D Bar Chart to a 3D Bar
Chart), or from one chart family to another (e.g., animating a
transition from a 3D Bar Chart to a Pie Chart).

2.1 General Overview

[0039] As noted above, the Charting Animator described
herein provides a computer-based charting/graphing system
for rendering dynamic animations of chart displays, includ-
ing, for example, Bar Charts, Pie Charts, Area Charts, Line
Charts, etc. In general, these dynamic animations operate to
dynamically morph an original chart into a new chart to
reflect changes either to the underlying data values defining
elements of the original chart or to graphical elements of the
original chart via user interaction with those elements via a
graphical user interface.

[0040] For example, when a user changes from one “chart
type” or “chart family” to another, when new data is added to
a chart, or when existing data is changed, sorted or deleted, a
new chart appears to replace the old chart. However, in con-
trast to conventional charting systems, the Charting Animator
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dynamically morphs one or more elements of the original
chart into one or more elements in the new chart to provide an
animated transition that smoothly changes the original chart
into the new chart.

[0041] In additional embodiments, the Charting Animator
provides the capability for user selection and manipulation of
one or more of the graphical elements of charts. This user
selection and manipulation capability is combined with auto-
matic interactive feedback with the underlying data. For
example, if the user resizes the height of one or more bars in
a Bar Chart (using conventional drag and drop type computer
operations) the Charting Animator will automatically amend
the underlying data to correspond to the new height of the
resized bar elements of that Bar Chart.

[0042] Similarly, in a related embodiment, the Charting
Animator provides the capability to directly add or delete
elements from a chart, thereby creating, or deleting, an under-
lying data set. For example, inserting a new bar element in a
Bar Chart will automatically cause the Charting Animator to
create a corresponding data set for the new bar element.
Similarly, deleting a pie slice from a Pie Chart will delete the
underlying data set and cause the Charting Animator to
expand the relative sizes of the remaining pie slice elements
of the pie chart, with the expansion of the pie slice elements
being animated, as described in further detail below in Sec-
tion 3.

[0043] Finally, in yet another embodiment, the Charting
Animator provides the capability to construct “composite
charts” by combining one or more existing charts. In particu-
lar, these composite charts represent a combination of two or
more charts that are combined to compose a more complex
composite chart. In one embodiment, both the underlying
charts and the composite charts are displayed together to
provide the user with a better understanding of how the data
of the underlying charts relates to the composite chart.

2.2 System Operational Overview

[0044] The processes summarized above are further illus-
trated by the general system diagram of FIG. 2. In particular,
the system diagram of F1G. 2 illustrates the interrelationships
between program modules for implementing the Charting
Animator, as described herein. It should be noted that any
boxes and interconnections between boxes that are repre-
sented by broken or dashed lines in FIG. 2 represent alternate
embodiments of the Charting Animator described herein, and
that any or all of these alternate embodiments, as described
below, may be used in combination with other alternate
embodiments that are described throughout this document.

[0045] In general, as illustrated by FIG. 2, the Charting
Animator generally begins operation by using a chart con-
struction module 200 to define parameters used to construct
one or more charts (e.g., Pie Charts, Bar Charts, Line Charts,
Area Charts, Plateau Charts, etc.) using one or more sets of
chart data 210. The chart construction module 200 then pro-
vides these parameters to a chart animation rendering module
220 which renders the chart(s) 230 on the display device 155.
[0046] Once the chart(s) 230 have been rendered on the
display device 155 changes to the rendered chart(s) are
enabled using any of several embodiments. For example, in
one embodiment, a user interface module 240 is used to
modify one or more of data elements comprising the chart
data 210 via a data input module 250. Modifications to these
data elements include changing the value of one or more of
the data elements, adding one or more data elements, and
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deleting one or more data elements. In general, these data
elements are maintained in a conventional computer readable
format, such as, for example, in a list, table, database, etc.
Consequently, direct modifications to the data elements by
using a user interface to change the data elements via the data
input module 250 is accomplished using conventional tech-
niques.

[0047] As soon as any data elements have been modified,
the chart construction module 200 immediately determines
new chart parameters corresponding to the modified data
elements, and passes those chart parameters to the chart ani-
mation rendering module 220. At this point, the chart anima-
tion rendering module 220 then morphs the existing charts(s)
230 into new chart(s) 230 using a dynamic animation that
smoothly transitions from the existing chart(s) to the new
chart(s) on the display device 155.

[0048] In another embodiment, changes to the rendered
chart(s) 230 are enabled by directly modifying one or more
elements of the chart(s), such as, for example, resizing the
height of one or more bars on a Bar Chart, or changing the size
of a pie slice in a Pie Chart. In various embodiments, direct
modification of the elements of the chart(s) is accomplished
via the user interface module 240 which allows the user to
select one or more individual elements of one or more charts
230 using a graphical user interface provided via a chart
element change module 260. This graphical user interface
provides a graphical interface to chart(s) 230 being rendered
on the display device 155 for resizing, moving, sorting, or
deleting one or more of those chart elements. Similarly, chart
elements can also be added to one or more of the chart(s) 230
via the graphical user interface provided by the chart element
change module 260.

[0049] Clearly, there are a number of conventional tech-
niques for providing user interaction with graphical elements
being rendered on a display device, including, for example,
the use of keyboard controls, mice or other pointing devices,
the use of a touch screen, voice commands, etc. While such
techniques are generally well known in the art, they have not
previously been applied to conventional charting systems.
The Charting Animator is capable of operating with any such
techniques. However, rather than describe each such tech-
nique, the following discussion will simply describe one
example for purposes of explanation.

[0050] For example, in one embodiment, resizing, moving,
sorting, or deleting elements in the chart(s) 230 is accom-
plished using conventional drag and drop-type computer
interaction with the displayed charts. For example, in one
embodiment, resizing a bar in a Bar Chart is accomplished by
selecting one corner or edge of the bar with a pointing device,
then dragging that edge or corner to a desired position corre-
sponding to a desired size for the bar. Similarly, in a related
embodiment, sorting of elements in one or more chart(s) 230
is accomplished by simply grabbing one or more chart ele-
ments using a pointing device, then dragging those elements
to whatever new position within the chart is desired. Simi-
larly, in another embodiment, adding elements to one or more
chart(s) 230 is accomplished by using a pointing device to
drag an outline of the desired element (having a desired size
or magnitude) onto the chart(s). A new element having the
desired size or magnitude is then automatically added to the
chart as described in further detail below.

[0051] In particular, as soon as any chart elements have
been modified (by resizing, moving, sorting, deleting, add-
ing, etc.), the chart element change module 260 then auto-
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matically modifies the corresponding data elements of the
chart data 210 (or adds new values to the chart data) to fit
changes made to the chart elements. For example, if a bar in
a Bar Chart originally had a value of “10,” then that bar was
resized via the chart element change module 260 to show a
value of “5” on the display device 155, then the chart element
change module will change the value of the corresponding
data element to “5” in the chart data 210.

[0052] In addition, depending upon the chart(s) being dis-
played, many of the chart elements are often interdependent.
Consequently, changes to one data element (either via the
data input module 250, or via the chart element change mod-
ule 260) used to construct the chart will often have an effect
either on other data values, or on the displayed chart(s) 230.
For example, if a pie slice in a Pie Chart is deleted or resized,
or the underlying data value is changed, the other slices in the
Pie Chart must be resized so that the Pie Chart retains a full pie
shape. Therefore, whenever a change to data elements of the
chart data 210 occurs (by any mechanism described herein),
the chart construction module 200 immediately determines
new chart parameters corresponding to the modified data
elements, and passes those chart parameters to the chart ani-
mation rendering module 220. At this point, the chart anima-
tion rendering module 220 then morphs the existing charts(s)
230 into new chart(s) 230 using a dynamic animation that
smoothly transitions from the existing chart(s) to the new
chart(s) on the display device 155.

[0053] Finally, in yet another embodiment, a chart compos-
iting module 270 is accessed via the user interface module
240 for creating a composite chart from two or more existing
charts 230. In general, the user can use the chart compositing
module 270 to specity (or select from a predefined list) some
mathematical relationship between two or more existing
charts 230. This mathematical relationship is then used to
construct a composite chart by passing composite chart
parameters to the chart construction module which in turn
passes those parameters to the chart animation rendering
module which acts to render the composite chart on the dis-
play device as an animation that morphs the existing charts
into the composite chart. Note that composite charts and
predefined chart types, having predefined mathematical rela-
tionships, are discussed in greater detail below in Section 3.4.

3.0 Operational Details of the Charting Animator

[0054] The above-described program modules are
employed for implementing the Charting Animator described
herein. As summarized above, this Charting Animator pro-
vides a computer-based charting/graphing system for render-
ing dynamic animations of chart displays. The following
sections provide a detailed discussion of the operation of the
Charting Animator, and of exemplary methods for imple-
menting the program modules described in Section 2. In
particular, the following paragraphs describe chart data modi-
fications; chart element selection and modification; anima-
tions and techniques for morphing chart element size and
shape; and composite charts.

3.1 Chart Data Modification

[0055] In general, each chart is defined based on one or
more sets of underlying data elements. For example, a simple
2D Bar Chart may include data elements representing a mag-
nitude for each of a plurality of bars to be displayed in the Bar
Chart. Clearly, the underlying data elements of particular
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charts may differ depending upon the chart type. However, as
with any conventional charting system, the basic idea is that
each chart includes one or more sets of data elements that are
used to define the chart parameters used to render those charts
(e.g., x-y coordinates of a data point, magnitude of a data
point, etc.). Note also that the extents of one or more of the
axes of any displayed chart can also be changed in the same
manner as any underlying data element. The result here is that
all chart elements will be scaled to fit the new extents of the
chart axes without changing the corresponding data elements
of those chart elements.

[0056] The Charting Animator provides several techniques
for modifying one or more of the data elements of a displayed
chart. For example, in one embodiment, data elements are
manually changed by the user via a user interface which
provides a mechanism for directly editing that data. This is
how most conventional charting systems provide for modifi-
cation of data elements.

[0057] Alternately, in another embodiment, the Charting
Animator automatically modifies data elements to corre-
spond to changes made to the graphical elements of a dis-
played chart. For example, as described in further detail in
Section 3.2, each individual graphical element of'a chart, such
as a bar in a Bar Chart, for example, is user selectable and can
be directly modified (moved, resized, deleted, combined,
etc.) via the user interface.

[0058] Whenever any chart element is modified, the under-
lying data elements are automatically changed to reflect the
modification to the corresponding element. For example, if a
point on a Line Chart is moved in any direction in response to
user interaction with that point, the value of the underlying
data element is changed to reflect the new position of that
point in the Line Chart. Similarly, if the height of a bar in a Bar
Chart is increased, the corresponding data element is also
automatically increased by the Charting Animator.

[0059] In other words, in various embodiments, the Chart-
ing Animator provides a two-way one-to-one correspondence
between the data elements and the graphical representation of
chart elements, such that a change to one is immediately
reflected in the other. Further, this correspondence includes
related data elements such that any data element that is depen-
dent upon another data element is automatically changed to
reflect changes in the related data element. A simple example
is a case where a first data element is defined as being equal to
twice a second data element. Whenever the second data ele-
ment is changed, either via direct manipulation of the data, or
via some modification of the corresponding chart element, the
first data element will be automatically changed to maintain
the defined relationship between the first and second data
elements. Note that this capability also allows the Charting
Animator to provide “what-if” type capabilities that allow the
user to immediately see what effects changes on one or more
data elements might have on other related data elements.
[0060] In addition, in the case where a chart element is
added to a chart, as described in Section 3.2, a corresponding
data element, or set of data elements, depending upon the type
of chart element being added, is automatically created by the
Charting Animator.

[0061] Insummary, dataelements are changed or created in
one of five ways: 1) direct manipulation of a data element via
the user interface; 2) as an automatic response to user manipu-
lation of a corresponding chart element; 3) as an automatic
response to maintain a predefined relationship (as defined by
the chart and/or the user) to another data element that is
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changed either via the user interface or in response to a
change of the corresponding chart element; and 4) as an
automatic response to the addition of a chart element to a
chart; and 5) as a result of a external “data change” event
(from a live data feed, from a hosting application, etc.)

3.2 Chart Element Selection and Modification

[0062] As noted above, in various embodiments, some or
all chart elements (points, lines, bars, pie slices, etc.) are
selectable, either individually or in groups or two or more
elements. Similarly, chart elements can be selected in a group
by selecting entire rows and/or columns of chart elements,
depending upon the chart type. In any case, selection of these
chart elements is achieved via a graphical user interface using
either a pointing device such as a mouse, trackball, touch
screen, etc., or a keyboard, or any desired combination of
pointing device and keyboard. Selection of objects in this
manner using a graphical user interface (or via selection from
a menu listing selectable objects) is a concept that is well
known to those skilled in the art, and will not be described in
detail herein.

[0063] In general, once one or more chart elements are
selected, they are treated as a type of dynamic graphical
object, and the Charting Animator provides the user with the
capability to move, resize, delete, or combine (e.g., stacking
bars in a Bar Chart, combining pie slices in a Pie Chart, etc.)
those objects via the user interface.

[0064] In particular, moving chart elements can be accom-
plished using a drag and drop type operation. Resizing chart
elements can be accomplished by grabbing a control handle
(typically an edge, corner, or point of the chart element) using
apointing device and/or keyboard, then dragging that control
handle to some desired position to resize the chart element.
Deleting chart elements can be accomplished by simply
selecting any chart elements to be deleted, then either press-
ing a delete button, or selecting a delete option via a context
sensitive popup menu, or the like.

[0065] In one embodiment, chart elements can be moved
within a chart to any location that actually fits the context of
the chart. This is interpreted as a manual sort operation. In this
respect, the Charting Animator will prevent the user from
moving chart elements to locations within a chart that would
not be allowed in creating the chart. A simple example would
be to prevent the user from moving a point in a Line Chart to
a position that would create a discontinuity in a continuous
function corresponding to some predefined mathematical
function or relationship being represented by a Line Chart for
graphing that continuous function. An example of a permis-
sible move is to allow the user to manually move either a
single chart element, or one or more entire rows of chart
elements from one place to another. For example, in a 3D Bar
Chart, the user can move one or more bars to any desired
row/column, including a new row/column (which would
expand the extents of the original 3D Bar Chart). Again, the
Charting Animator will decide whether the user initiated
move is allowed, and will prevent the move, if necessary.
[0066] Combining chart elements is accomplished in a
manner similar to moving chart elements. For example, in one
embodiment, chart elements are combined by using a drag
and drop type operation to drop one chart element onto
another chart element. These chart elements are then auto-
matically combined. However, in one embodiment, the
Charting Animator will query the user before combining
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chart elements to ensure that the user intended a combine
operation rather than a move operation.

[0067] Inoneembodiment, the manual sort move operation
is distinguished from the combining move operation by the
shift key on the keyboard (or any other desired key or mouse
button)—for example, in a tested embodiment, holding down
the shift key indicates a manual sort move. In another embodi-
ment, the manual sort move operation is distinguished from
the combining move operation based on where the chart
element is dropped (i.e., the drop target)—if the drop target is
another chart element, it is interpreted as a combining move;
if the drop target is between chart elements, it is interpreted as
a manual sort move. Further, different visual feedback is
provided while dragging chart elements to indicate to the user
which operation will be done on drop.

[0068] Adding new chart elements to a chart is accom-
plished by either drawing a new chart element on the chart, or
by selecting a chart element from a menu of chart elements,
then dragging that selected chart element to the desired posi-
tion on the chart (like moving a chart element) then sizing that
chart element to the desired size. As noted above in Section
3.1, data elements corresponding to newly added chart ele-
ments are automatically created as soon as the chart element
is added by the user.

[0069] Inmaking any of the above described modifications
to chart elements (moving, resizing, deleting, combining, or
adding), the accuracy of the display device, pointing device,
and/or keyboard may become an issue, depending upon what
changes are being made to the chart elements, and on the scale
being used to render the chart. Consequently, in one embodi-
ment, as modifications (such as resizing, for example) are
being made to a chart element, a numerical readout of the
values of data elements that will be created or changed is
displayed while the user is making those modifications to the
chart element. This embodiment is useful for ensuring that the
modified element has whatever values are desired by the user.
Further, once the chart element has been modified, the user
can directly edit the underlying data elements, as described in
Section 3.1, if necessary to address further accuracy issues.
[0070] In addition, in various embodiments, some data
charts and/or data sets include “direct manipulation con-
straints”—metadata or other information that describes how
the data can be changed through direct manipulation (e.g.,
data that must be specified in increments of 100, or data that
must be within a specified minimum and maximum). This
allows the user to get immediate feedback during manipula-
tion on what values are allowed (vs. changing the value,
finishing the Ul operation, and then having to response to an
“illegal value” type error message).

[0071] In summary, the Charting Animator allows user
selection of one or more chart elements of any displayed chart
to allow the user to move, resize, delete, combine, or add any
of those chart elements. Changes to any chart element are
automatically reflected in the underlying data elements and in
any related or dependent data elements.

3.3 Animations

[0072] Ingeneral, as described above, the Charting Anima-
tor provides graphical displays of animated transitions that
morph one chart into another whenever any of the underlying
data elements defining any chart element are changed. As
described above in Sections 3.1 and 3.2, changes to the under-
lying data elements occur in any of several ways, including,
for example, direct user editing or modification of those data
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elements, as an automatic response to user modification of a
corresponding chart element, or as an automatic response to
maintain a predefined relationship to other data elements that
are modified. Further, animations take one of several different
forms, depending upon the change being made or requested
by the user.

[0073] For example, in one embodiment, the chart type of
the displayed chart is maintained when a user changes either
any data elements of the chart or any chart elements of the
chart. In this case, the animation will be generally limited to
simply rendering animated morphing to resize and/or reposi-
tion any chart elements affected by user’s changes.

[0074] In another embodiment, the chart type of the dis-
played chart is changed to another chart type, either in the
same chart family, or in a different chart family (e.g., chang-
ing a pie chart to a bar chart). In this case, the underlying data
elements are not changed by user action. Instead, the user
simply selects a new chart type from a menu of available chart
types and/or families. The displayed chart is then morphed
into the newly selected charttype. For example, the same data
can be used to render either bars in a Bar Chart or pie slices in
a Pie Chart.

[0075] For example, in a tested embodiment, an animation
for morphing a 2D Bar Chart into a 3D Bar Chart that includes
additional sets of data uses an animation where the row of
bars (i.e., the x-axis, assuming vertical bars) from the 2D
chart is the only row on an otherwise empty 3D floor. Then, in
continuing the transition to the 3D chart, new rows (repre-
senting the additional sets of data) “grow” up from the floor as
part of the transition animation. Conversely, when transition-
ing from a 3D Bar Chart to a 2D Bar Chart, the user will select
arow to focus on before the transition. All other rows will then
drop into the floor and disappear. Then the remaining row will
transition to a 2D bar chart. Clearly, these simple examples
describe one way of many ways in which such transitions can
be animated by the Charting Animator. As such, these
examples are not intended to limit the type, scope, or order of
transition effects, and are intended for purposes of explana-
tion only.

[0076] As with other transition animations, the general idea
is to present the user with a smooth transition from the dis-
played chart type to the selected chart type. Therefore, geo-
metric shapes are morphed, as needed, along with the shape of
the chart itself, to create the newly selected chart. Further,
since many chart elements may need to be changed, multiple
animations are either chained together in a sequence, or ren-
dered in parallel to provide a smoother transition from the
original chart to the new chart.

[0077] In addition to the basic animations describe above,
in various embodiments, the Charting Animator provides the
capability to rotate charts in multiple dimensions as another
animation, and to allow the user to manually rotate 3D charts
to a desired viewpoint. The capability to rotate charts is also
useful for chart type changes that include transitions to a
higher or lower dimensionality (e.g., transitioning from a 2D
Bar Chart to a 3D Bar Chart). For example, when transition-
ing from a 2D Bar Chart to a 3D Bar Chart, the primary
animation is an animated movement from a virtual camera
viewpoint to a different view point (e.g., a movement from a
front view of the 2D chart to a perspective view of the 3D
chart). In addition, since the flat bars of the 2D Bar Chart in
this example will appear to be three-dimensional in the new
3D Bar Chart, there is an additional animation that extrudes
each chart element from a 2D objectto a 3D object. In various
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embodiments, this extrusion animation runs either in series or
in parallel with the animation of the view point change.
[0078] Clearly, when animating the transition from one
chart type to another, multiple chart elements will need to be
morphed. While each chart element can be morphed in a serial
animation, it has been observed that morphing all of the
changes to chart elements in parallel animations provides the
user with a better view of how the chart is changing from one
chart type to another. As noted above, the length of an anima-
tion can be as long as desired. However, if it is too long, the
user may have the perception that the overall system is too
slow. Note that transition animations on the order of about one
second in length worked well in a tested embodiment.

3.3.1 Chart Element Shape and Size Transitions

[0079] In general, the Charting Animator has the ability to
morph chart elements of one shape into chart elements of
another shape, such as, for example, morphing to or from a
rectangle to a line segment, area segment, or pie slice. This
morphing is generally accomplished by moving existing
points of the various chart elements to create the new shapes,
then rendering intermediate shapes to create the animated
transition. Further, in addition to moving points to define a
new shape, the Charting Animator introduces new points as
needed. For example, a pie slice requires many more points
than a rectangular bar of a Bar Chart; so, when transitioning
from a bar to a pie slice, more points are added—and when
transitioning away from a pie slice, those extra points are
eliminated.

[0080] Changing the shape of chart elements from one
shape to another, such as, for example, changing a rectangular
bar of'a Bar Chart to a polygon of an Area Chart, or changing
arectangular bar of a Bar Chart to a pie slice of a Pie Chart is
accomplished by smoothly morphing the chart element from
the original shape to the new shape to provide an animated
transition between the shapes. This morphing can be accom-
plished using any of a number of morphing techniques.
[0081] Forexample, in atested embodiment of the Charting
Animator, as illustrated by FIG. 3, a rectangular bar of a Bar
Chart is morphed into a polygon of an Area Chart. Note that
this example is not intended to limit the way in which shapes
are morphed, and is provided only as a simple illustration of
shape morphing techniques that may be utilized by the Chart-
ing Animator.

[0082] Inparticular, asillustrated by FIG. 3, arectangle 300
defined by corner points {A, B, C, D} is changed to polygon
310 by translating point B by offset Y, and translating point
Cby offsetY,. Clearly, any of the four points of rectangle 300
can be translated in either the X orY direction to provide the
desired shape. Similarly, translating some or all of the points,
depending upon the shape, is used for scaling the shape. For
example, translating two or more of points A, B and C towards
(or away from) point D can be used to scale the size of
rectangle 300 either up or down. Further, any one of the four
points of rectangle 300 can be collapsed into another of those
points to create a triangle from the rectangle 300. In any case,
once the points of the new shape have been determined, the
animation from the original shape to the new shape is created
by simply rendering a sequence of intermediate images in
steps as small as one pixel for each point, over some period of
time.

[0083] FIG. 4 provides an example of one way in which a
rectangular bar of a Bar Chart is morphed into a pie slice of a
Pie Chart. Again, this example is not intended to limit the way
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in which shapes are morphed, and is provided only as a simple
illustration of shape morphing techniques that may be utilized
by the Charting Animator.

[0084] Inparticular, asillustrated by FIG. 4, arectangle 400
defined by corner points {A, B, C, D} is changed to a pie slice
420 via at least one intermediate image step 410. For
example, when transitioning from the rectangle 400 to the pie
slice 420, points A and B in the rectangle 300 are moved
towards new point E in the intermediate shape 410. The result
is the triangular shape 410. At the same time, the line between
points C and D is divided into a plurality of additional points,
such as points {C, D, F, G, H, I} that will be used to provide
the curved side of the pie slice 420. Specifically, each of these
points {C, D, F, G, H, I} is translated to form an arc, with the
end result being the pie slice 420. Note that as discussed
above, these transitions can be animated either in series or in
parallel to provide the desired effect. Translating each of these
points, A through 1, in the shape sequence 400 through 420, in
steps of at least one pixel, then rendering a set of correspond-
ing intermediate shapes creates a smooth animation that mor-
phs the rectangle 400 into the pie slice 420.

[0085] Similar transitions are used to morph line thick-
nesses, or to transition from a line to a polygon. For example,
as illustrated by FIG. 5, the thickness of a line 510 defined by
points {A, B} can be changed by specifying some line thick-
ness 520, then spreading points A and B into points C and D,
respectively by the amount of the desired line thickness. Note
that the same technique effectively creates a four-point poly-
gon from a two point line. Further, including an offset value
530 allows for rotation of the resulting line or polygon.
[0086] In various embodiments, morphing of 3D chart ele-
ments is handled in a similar manner to the 2D morphing
examples provided above. For example, a bar in a 2D Bar
Chart has 4 points defining one face. In contrast, there are 6
faces for a bar in a 3D Bar Chart. However, even though there
are more faces, the transition from the 2D to the 3D case (or
from the 3D to the 2D case) is a simple matter of extruding (or
collapsing points), and of translating or rotating points to a
new viewpoint, to define a sequence of intermediate shapes,
then rendering those shapes to create the animations for each
chart element.

3.4 Composite Charts

[0087] In addition to the features described above, in vari-
ous embodiments, the Charting Animator also provides the
capability to combine two or more charts to create a new chart
a direct composition of one or more existing charts. One
advantage of this embodiment is that two or more relatively
simple charts can be combined to compose a more complex
composite chart. In various embodiments, charts are com-
bined using various techniques, including, for example, drag
and drop type operations where one displayed chart is
dropped onto another, or by selecting charts to be combined,
along with a selection of a desired composite chart type from
a menu, list, button, or the like. Further, in one embodiment,
the Charting Animator provides the capability for the user to
define and store custom composite chart types that may then
be selected at a later time.

[0088] As noted above, in one embodiment, composition of
charts is accomplished by selecting two or more charts to be
overlaid on one another. With this type of composite, the
charts can be, but are not necessarily related, via some math-
ematical relationship. In this case, the Charting Animator
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renders an animation that scales and aligns the charts to fit
each other along one or more common axes to create the new
composite chart.

[0089] In an alternate embodiment, two or more charts are
combined by providing a user menu for selecting from a set of
one or more predefined mathematical chart relationships, or
allowing the user to define one or more new mathematical
chart relationships. In either case, once the mathematical
chart relationship has been either selected or defined by the
user, the Charting Animator acts to render the two or more
charts being combined along with the new composite chart. In
general, since these charts are related via some mathematical
relationship, they will share one or more common axes. As
such, the Charting Animator renders all of the charts (the
charts being combined and the new composite chart) together
in a single display (that may include overlapping or adjacent
charts, depending upon the composite chart type being ren-
dered) relative to the common axes.

[0090] Furthermore, since all of the charts are related via
the mathematical relationship in this embodiment, a plurality
of the individual data elements of those charts will generally
also have various mathematical relationships. Consequently,
whenever any of the data elements or chart elements of any of
the combined or composite charts is changed, the Charting
Animator will automatically change any related data ele-
ments, as described above in Section 3.1, to maintain those
various mathematical relationships. Then, in one embodi-
ment, as soon as any of the underlying data elements are
changed, the Charting Animator automatically renders an
animation showing the changes to the corresponding chart
elements in one or more of the combined or composite charts.
[0091] One example of a composite chart having a math-
ematical relationship to the charts used to construct the com-
posite chart is termed a “Quantity Flow Diagram.” An
example of a Quantity Flow Diagram, as illustrated by FIG. 6.
In general, the Quantity Flow Diagram is a composite chart
constructed from two existing charts: 1) a 2D Bar Chart 610
that includes dates and amounts of incoming quantities; and
2) a 2D Bar Chart 620 that includes dates and amounts of
outgoing quantities. Examples of incoming and outgoing
quantities include cash flow and material (inventory) avail-
ability, to name only two such examples.

[0092] Given this example data set, the user will first select
two 2D Bar Charts (610 and 620) and designate one as being
subtracted from the other (i.e., the user will select or specify
the mathematical relationship between the charts). The Chart-
ing Animator then constructs the Quantity Flow Diagram 640
as a composite chart that shows incoming quantities in the
first 2D Bar Chart 610 (positive bars trending up from a
common axis), the second 2D Bar Chart 620 below the first
2D Bar Chart 610 that shows the outgoing quantities (nega-
tive bars trending down from the common axis), and a Plateau
Chart 630 below the first and second 2D Bar Charts showing
the quantity on-hand (as changed by the two in/out quantities
(610 and 620) over time).

[0093] Further, all of the elements of this three part com-
posite chart are interrelated. Therefore, in one embodiment,
changes made to any one or more chart elements of the
composite Plateau chart 630, or to either of the two 2D Bar
Charts (610 and 620), or to any of the underlying data ele-
ments, will be immediately reflected in all related data ele-
ments of those three charts, as described above, with those
changes also being immediately rendered as an animation to
any corresponding chart elements.
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[0094] The foregoing description of the Charting Animator
has been presented for the purposes of illustration and
description. It is not intended to be exhaustive or to limit the
invention to the precise forms disclosed. Many modifications
and variations are possible in light of the above teaching.
Further, it should be noted that any or all of the aforemen-
tioned alternate embodiments may be used in any combina-
tion desired to form additional hybrid embodiments of the
Charting Animator. It is intended that the scope of the inven-
tion be limited not by this detailed description, but rather by
the claims appended hereto.

What is claimed is:

1. A method for interacting with data elements used to
construct a chart, comprising steps for:

receiving at least one data set comprising a plurality of data

elements;

automatically rendering a charthaving a user selected chart

type from corresponding data elements of the at least
one data set;

wherein the chart includes a plurality of chart elements that

provide graphical representations of corresponding data
elements;

displaying the chart on a display device;

using a graphical user interface (GUI) to modify a visual

representation of one or more of the chart elements; and
automatically modifying one or more corresponding data
elements of the at least one data set to correspond to the
visual modifications to the one or more chart elements.

2. The method of claim 1 wherein modifying the visual
representation of one or more of the chart elements further
comprises steps for selecting a group of two or more of the
chart elements at the same time, and wherein all selected chart
elements are simultaneously modified via the GUI by per-
forming a joint modification of the group of chart elements.

3. The method of claim 1 wherein modifying the visual
representation of one or more of the chart elements comprises
steps for performing a drag and drop type operation via the
GUI to reorder one or more of the chart elements within the
chart, and wherein any corresponding data elements of the at
least one data set are automatically sorted to correspond to the
reordering of the one or more chart elements.

4. The method of claim 1 wherein modifying the visual
representation of one or more of the chart elements comprises
steps for resizing the chart elements, and wherein values of
any corresponding data elements of the at least one data set
are automatically changed to match the resizing of the one or
more chart elements.

5. The method of claim 1 wherein modifying the visual
representation of one or more of the chart elements comprises
steps for deleting one or more of the chart elements from the
displayed chart, and wherein any corresponding data ele-
ments of the at least one data set are automatically deleted
from the at least one data set.

6. The method of claim 1 wherein modifying the visual
representation of one or more of the chart elements comprises
steps for adding a graphical representation of a chart element
to the displayed chart, and wherein corresponding data ele-
ments for any added chart element are automatically created
and added to the at least one data set.

7. The method of claim 1 wherein using the GUI to modify
the visual representation of one or more of the chart elements
further comprises moving one or more control handles asso-
ciated with those chart elements to adjust the visual appear-
ance of those chart elements.
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8. The method of claim 1 wherein modifying the visual
representation of one or more of the chart elements comprises
steps for combining one or more of the chart elements by
using a drag and drop type operation to drop one or more chart
elements onto one or more other chart elements to construct
combined chart elements, and wherein the corresponding
data elements for any combined chart elements are automati-
cally combined.

9. The method of claim 1 wherein modifying the visual
representation of one or more of the chart elements comprises
steps for displaying numerical readouts of the values of cor-
responding modified data elements while the visual modifi-
cations to the chart elements are being made.

10. A physical computer readable storage media having
computer executable instructions stored thereon for interact-
ing with chart data used to render a chart on a display device,
comprising instructions for:

receiving a set of data elements comprising chart data;

selecting a chart type from a list of available chart types;

rendering a chart of the selected chart type on a display
device as a function of the set of data elements, said chart
being composed of a plurality of chart elements, each
chart element providing a graphical representation of
one or more of the data elements;

modifying a visual appearance of one or more of the chart

elements via a graphical user interface (GUI); and

for each modified chart element, automatically modifying

one or more corresponding data elements to correspond
to the modifications of the visual appearance of the
modified chart elements.

11. The computer executable instructions of claim 10
wherein modifying the visual appearance of one or more of
the chart elements further comprises selecting a group of two
or more of the chart elements at the same time, and wherein all
selected chart elements are simultaneously modified via the
GUI by performing a joint modification of the group of chart
elements.

12. The computer executable instructions of claim 10
wherein modifying the visual representation of one or more
of the chart elements comprises performing a drag and drop
type operation via the GUI to reorder one or more of the chart
elements within the chart, and wherein any corresponding
data elements are automatically sorted to correspond to the
reordering of the one or more chart elements.

13. The computer executable instructions of claim 10
wherein modifying the visual representation of one or more
of the chart elements comprises resizing the chart elements,
and wherein values of any corresponding data elements are
automatically changed to match the resizing of the one or
more chart elements.

14. The computer executable instructions of claim 10
wherein modifying the visual representation of one or more
of the chart elements comprises deleting one or more of the
chart elements from the displayed chart, and wherein any
corresponding data elements are automatically deleted from
the set of data elements.

15. The computer executable instructions of claim 10
wherein modifying the visual representation of one or more
of'the chart elements comprises adding a graphical represen-
tation of a chart element to the displayed chart, and wherein
corresponding data elements for any added chart element are
automatically created and added to the set of data elements.

16. The computer executable instructions of claim 10
wherein using the GUI to modify the visual representation of
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one or more of the chart elements further comprises moving
one or more control handles associated with those chart ele-
ments to adjust the visual appearance of those chart elements.
17. A system for interacting with charts via a graphical user
interface (GUI), comprising using a computing device for:
receiving a set of data elements, said data elements repre-
senting values for defining graphical elements of a chart;
selecting a chart type;
rendering a chart of the selected chart type on a display
device using the set of data eclements to define each
graphical element of the chart;
using a GUI to modify one or more of the graphical ele-
ments; and
automatically modifying one or more corresponding data
elements to correspond to the modifications to the one or
more graphical elements.
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18. The system of claim 17 wherein modifying the graphi-
cal elements comprises performing a drag and drop type
operation via the GUI to reorder one or more of the graphical
elements within the chart, and wherein any corresponding
data elements are automatically sorted to correspond to the
reordering of the one or more graphical elements.

19. The system of claim 17 further comprising using the
GUI to add one or more graphical elements to the displayed
chart, and wherein corresponding data elements for any
added chart element are automatically created and added to
the set of data elements.

20. The system of claim 17 further comprising displaying
numerical readouts of the values of corresponding data ele-
ments while modifications to the graphical elements are being
made.



