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(57) Claim

1. A method for operating a digital computer to provide a display for
inputting values needed in a computation in a cash flow computation and for displaying
the results of said computation, said method comprising the steps of:

displaying a graphical element comprising a symbol having a linear dimension
representing the magnitude of one said input values, said magnitude being changeable
by using a pointing device to manipulate a specified region on said graphical element
thereby changing said linear dimension, said graphical element being displayed on a
display screen connected to said digital computer, said input value determining a cash
flow in at least one of a plurality of time periods;

repetitively monitoring said graphical element to detect a change in said
graphical element; and

displaying said results of said computation in a first graphical display on said
display screen in response to said detected change in said input value represented by
said graphical element, said results of said computation comprising a graph of a set of
points, one of said points corresponding to each of said time periods wherein one
coordinate of each of said points is determined by said computed result for that point,
that computed result depending on that point and said input values, said coordinate
representing 1 balance in an account.
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(57) Abstract

A method for opeydiing a digital computer to provide a display for inputting values needed in a computation and displaying the
results of the computation (150). The method starts by displaying a graphical element on a computer screen (103), said graphical element
being capable of representing the magnitude of one of the input values. The magnitude is changed by using a pointing device (115) to
manipulate a specified region on the graphical element (105). The computer monitors the graphical element for any change therein (104).
Upon detecting such a change, the computer displays the results of the computation in a first graphical display (107, 108) in response to the
detected change in the input value represented by the graphical element. The computer then returns to monitoring the graphical element for
another change. In one embodiment of the present invention, the graphical elements are arranged to form a second graphical display (106).
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Graphical Display of Computational Resuits

Field of the Invention

The present invention relates to data processing systems, and more
particularly, to an improved user graphical interface.

Background of the Invention

Computer programs that graphically display the results of a computation are
well known to the prior art. For example, spread sheets will graph the results of a
computation if the results are part of a spread sheet that stores the results in a column
orrow of a table. In this case, the user typically provides at least two columns or
rows, one having the "x-values" or the graph and one having the "y-valucs" of the
graph.

In general, the underlying computation has both dependent and independent
variables, the former being generated from the latter and code specifying one or more
computations. If the user is interested in the results of the computation for a single set
of independent variable values, the spread sheet methodology is quite satisfactory.
However, if the user wishes to explore the results for a number of different
independent variable values, the spread sheet methodology is found to be less than
optimal. '

Consider the problem of providing a cash flow analysis and projection for a
business on a monthly basis. The independent variables are typically the interest paid
on funds in bank accounts, the amount of money coming into, or flowing out of, the
business each month. The dependent variable in this case is the cash in the bank at
the end of each month. The problem may be setup on a spread sheet with onée column
entry for each of the variables and a formula for computing the cash balance in the
bank at the end of each month. The results for each month would be stored in one
column of the spread sheet and would be automatically graphed each time a new
independent variable value was inputted by the user. To explore the sensitivity of the
cash flow to various assumptions about the independent variable, the user must type
in a new value for one of the variables, print out the graph, type a second value for the
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variable, print out the graph, and so on. The graphs would then be compared with one
another manually. This method of exploring the data is slow and error prone.

Broadly, it is the object of the present invention to provide an improved user
interface for graphically exploring the results of a computation in an interactive

manner.

Summary of the Invention

In accordance with one aspect of the present invention there is provided a
method for operating a digital computer to provide a display i, r inputting values needed
in a computation in a cash flow computation and for displaying the results of said
computation, said method comprising the steps of:

displaying a graphical element comprising a symbol having a linear dimcnsion
representing the magnitude of one said input values, said magnitude being changeable
by using a pointing device to manipulate a specified region on said graphical element
thereby changing said linear dimension, said graphical element being displayed on a
display screen connected to said digital computer, said input value determining a cash
flow in at least one of a plurality of time periods;

repetitively monitoring said graphical element to detect a change in said
graphical element; and

displaying said results of said computation in a first graphical display on said
display screen in response to said detected change in said input value represented by
said graphical element, said results of said computation comprising a graph of a set of
points, one of said points corresponding to each of said time periods wherein one
coordinate of each of said points is determined by said computed result for that point,
that computed result depending on that point and said input values, said coordinate
representing a balance in an account.

Bri ipti Drawin

Figure 1 is an example of a graphical display generated by a method, being an
embodiment of the present invention.
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Detailed Description of the Invention

The present invention differs from conventional spread sheets in that the
independent variables are represented graphically by symbols that contain an element
that is capable of representing the magnitude of a quantity in some graphical manner
and that may be changed by using a mouse or similar pointing device. For example,
the magnitude of a variable may be represented by the length of an arrow. In this
case the value would be changed by dragging the head of the arrow with the mouse so
as to increase or decrease the length of the arrow. “Sliders" perform similar
functions. A slider is typically constructed from a linear scale with an object on the
scale that may be moved using the mouse. The distance from one end of the scale to
the slider represents the value of the variable. A bar in a bar graph may also be used
in this manner by dragging the top of the bar so as to extend or contract the length of
the bar. Any arrangement of graphed points may also be used by allowing the points
to be moved to new locations by dragging individual points with a pointing device.
Such graphical aids will be referred to as widgets in the following discussion.

This user interface may be more easily understood with reference to an
exemplary computer display for use in displaying the results of a cash flow analysis
or model. In the model, a company's bank account is incremented or decremented at
the end of each accounting period. The amount of increment or decrement, referred
to as the "cash flow", may be input separately for each accounting period. The
balance in the bank account at the beginning of the accounting period earns interest at
a predetermined rate that may be inputted to the model. The balance in the bank
account at the end of the accounting period is displayed as a bar graph, one bar per
accounting period. Such a display is shown in Figure 1 at 150. Each accounting
period is characterized by a bank balance which is shown in the form of a bar graph,
an exemplary bar being shown at 104. The bank balance is also shown above each
bar in digital form such as shown at 103. The cash flow is shown in the form of an
array of arrows, one arrow per accounting period, an exemplary arrow is shown at
105. Similarly, the amount of the cash flow is shown digitally below each accounting
period, an exemplary digital display being shown at 106. The cash flow variables
represent transactions between a company and a bank from the pint of view of the
company. The downward arrows are negative, representing money taken out of the
company and deposited in the bank and the upward arrows are positive, representing
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money received by the company after a withdrawal from the bank. It is assumed that
for each accounting period the money in the bank earns interest at the rate shown in
the interest slider 108. In this simple example, the interest rate is assumed fixed for
the entire set of accounting periods; however, it will be apparent to those skilled in
the art that a separate interest rate widget could be provided for each accounting
period in a manner analogous to the arrows used for indicating cash flow. In this
case, there would be two sets of independent variables, each represented by
graphically arranged widgets.

The user sets up the initial values of the independent variables either by
dragging the corresponding arrow or by selecting the cash flow digital display and
then typing in a value. The latter form of data entry is analogous to entering data in a
data entry field of a data base application. The preferred method of changing a value
is by dragging the head of the corresponding arrow. Such "drag" operations are
typically performed by positioning the cursor 115 over the head of the arrow and then
depressing a button on the pointing device while causing the cursor to move by
moving the pointing device. Each time a new value is entered, the program
automatically computes the bank balance at the end of each accounting period and
displays the result. Hence, the user can drag any of the arrows and view the impact
on the entire cash flow model. Similarly, the user can drag the interest slider and
view the result of the cash flow model which will change continuously with the
position of the interest slider.

In the cash flow analysis, the interest rate and the cash flow in each
accounting period constitute the independent variables. Once these are specified, the
bank balance at the end of each accounting period, the dependent variables, may be
calculated and displayed. It will be apparent to those skilled in the art that the method
of the present invention may be applied advantageously to a large number of
modeling problems. In each case, the independent variables are displayed as

- graphical widgets. The dependent variable or variables may be displayed in one or

more graphical representations.

The present invention is most easily implemented on an object oriented
graphical user interface system. In such systems, the operating system provides an
interrupt each time the mouse or similar pointing device is "clicked" or moved. The
present invention initially displays a user screen showing the independent variables in
the form of widgets and the dependent variable or variables in graphical
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representation using the startup values of the independent variables. The program
then waits for an interrupt generated by the pointing device. When an interrupt is
detected, the program determines which independent variable has been changed and
the new value for that variable. The program then recalculates the dependent
variables and displays the graphical representation thereof. If, after redisplaying the
dependent variable graphical representation, an independent variable has been
changed again, the process is repeated. Hence, the present invention continuously
tracks the independent variable and provides a continually updated display of the
dependent variable or variables.

While spread sheet programs allow a user to graphically view the result of a
computation, these programs do not provide a means for continuously varying an
independent variable and watching the graphical displa); change in a continuous
manner. In the case of a spread sheet, the user must select the spread sheet cell
containing the independent variable that is to be changed and then type a new value
for the independent variable in question. The program will then re-display the
dependent variable graph. To view the results for a number of different values of the
dependent variable, the user must repeat this process. In the present invention, the
user need only drag the widget corresponding to the independent variable and watch
the graph continuously update as the widget passes through each value.

In many cases, the user will wish to enter or change the values of the
independent variables in a continuous manner. However, in some cases, the user may
wish the values to change in predetermined steps. That is, the independent variables
may be continuous or quantized. In the case in which the variables are quantized, the
slider preferably moves in a continuous manner but the value does not change until
the slider moves into the next step. When the user releases the slider, the slider
automatically rounds the value to the closest step. In the preferred embodiment of the
present invention, the manner in which each independent var‘able changes in response
to the manipulation of the corresponding widget may be entered by selecting the
widget using a different mouse key or menu option. For example, the right mouse
button may be used to input the attributes of a widget by pointing to the widget and
then clicking the widget using the right mouse button.

The widgets may be arranged so as to provide a graphical representation of the
independent variables or placed separately depending on the variables represented by
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the widgets. For example, the arrows shown in Figure 1 are arranged as a graph in a
manner analogous to a bar graph; while the interest rate slider is a separate widget.
Various modifications to the present invention will become apparent to those
skilled in the art from the foregoing description and accompanying drawings.
Accordingly, the present invention is to be limited solely by the scope of the

following claims.
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The claims defining the invention are as follows:

1. A method for operating a digital computer to provide a display for
inputting values needed in a computation in a cash flow computation and for displaying
the results of said computation, said method comprising the steps of:

displaying a graphical element comprising a symbol having a linear dimension
representing the magnitude of one said input values, said magnitude being changeable
by using a pointing device to manipulate a specified region on said graphical element
thereby changing said linear dimension, said graphical element being displayed on a
display screen connected to said digital computer, said input value determining a cash
flow in at least one of a plurality of time periods;

repetitively monitoring said graphical element to detect a change in said
graphical element; and

displaying said results of said computation in a first graphical display on said

~display screen in response to said detected change in said input value represented by

said graphical element, said results of said computation comprising a graph of a set of
points, one of said points corresponding to each of said time periods wherein one
coordinate of each of said points is determined by said computed result for that point,
that computed result depending on that point and said input values, said coordinate
representing a balance in an account,

2. The method of claim 1 wherein said step of displaying a graphical
element further comprises displaying a plurality of graphical elements, each graphical
element having a linear dimension representing one of said input values needed in said
computation, said plurality of graphical elements forming a second graphical display.

3. The method of claim 2 wherein said computation generates one result
for each of a plurality of periods, said result depending on a plurality of input values,
one such input value corresponding to each of said periods, each of said results
depending on one of said input values for one of said periods that is different from said
period for which that result is computed, and wherein said first graphical display
comprises a graph of said results as a function of said periods, and wherein said second
graphical display comprises a graph of said input values as a function of said periods,
said second graphical display being generated by arranging said graphical elements in
an ordered array.
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A method for operating a digital computer, substantially as described herein with

reference to the accompanying drawing.

DATED this Twenty-fifth Day of June 1998

Alive, Inc.
Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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