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[571 ABSTRACT

Graphic analyses are displayed on a computer display screen
showing graph lines of mathematical relationships between
goals and factors in a spreadsheet plan and depicting con-
tinuums of what-ifs across ranges of variation from the
spreadsheet plan, providing information for planning and
management of the factors to improve results for the goals.
Goals and factors reflect elements of the plan for which, in
the spreadsheet, values are contained in output and input
cells respectively. The goals and factors are selected by the
user from lists that are created and displayed. After such
selection, the designated graphic analysis is performed and
the graph lines for the selected goal and factor(s) are
displayed. The user is able to analyze and evaluate entire
ranges of “what-if” possibilities using the graph lines.
Desired graph points can be moved to interactively in order
to arrive at desired what-if possibilities. At any selected
what-if possibility, print and numeric text can be displayed
that provides information about the selected what-if possi-
bility. For any desired graph point, a new spreadsheet plan
model can be generated with new data reflecting the selected
graph point. Selected graphic analyses can be saved in a
method and customized user interface that simplify later
redevelopment of the graphic analyses ready for further
interactive moves to what-if possibilities.

72 Claims, 55 Drawing Sheets
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1

METHOD AND APPARATUS FOR GRAPHIC
ANALYSIS OF VARIATION OF ECONOMIC
PLANS

FIELD OF THE INVENTION

The present invention relates to providing economic
information in particular, to the production and displaying of
a continuum of “what-if” scenarios of causative factor data
and resulting goal data for a plan entered in an electronic
spreadsheet.

BACKGROUND OF THE INVENTION

In planning and managing economic investments and
operations, results for numerical goals are typically deter-
mined by scores of quantifiable factors that managers and
investors plan, predict and manage, for which there are
thousands of possible combinations that lead through chains
of mathematical calculations to thousands of possibilities for
results for the goals. For zeroing in on optimal combinations
of factors leading to best results for the goals, investors and
managers need best information on how the factors and
combinations of factors affect the goals across the ranges
and panoramas of possibilities for the plan. Modern com-
puter technology offers calculation power to develop and
deliver such information. But to date, no system has been
developed that fully applies the potential of computer tech-
nology to develop and deliver such information.

With respect to providing information that assists the
decision-maker, electronic spreadsheets are well-known and
powerful planning and management tools. Spreadsheets
organize and present financial or accounting information.
The spreadsheet includes a number of cells that contain data
entered by the preparer or user that comprise the spreadsheet
plan-model. Each of these cells is separately identifiable by
column and row, and typically each row has a name in a cell
at its left and each column has a heading in a cell at top.
Some of the cells have formulas associated with them. For
example, data in one cell may be a function of the data or the
value in another cell.

The spreadsheet format of columns and rows has been
used for centuries. However, relative to the information on
ranges of possibilities that managers and investors needed to
make decisions, such spreadsheets have had a number of
drawbacks, including: each spreadsheet was very expensive,
in human time and cost, to prepare; each spreadsheet was
prone to human error in calculation and writing; in com-
parison to the number of what-if possibilities for business
factors and goal results, a single spreadsheet reflected only
a single dot or single possibility. Adding additional spread-
sheets added more numbers tending to cause most managers
and investors to be overwhelmed by all of the numbers.
Furthermore, each spreadsheet did not reveal relationships
between key factors and key goals. Typically, in proceeding
from business factors to goal results, 2 number of calcula-
tions or chains of calculations had to be stepped through.

In more recent times, modern processors have speeded
calculations and eliminated human calculation mistakes.
Even more recently, spreadsheet software packages have
been developed and commercialized, such as LOTUS 1-2-
3® available from Lotus Development Corporation,
EXCEL® available from Microsoft Corporation, and
QUATTRO PRO® available from Novell, Inc. Such soft-
ware not only displays a spreadsheet on a computer display,
but also uses the processing power of the personal computer
to perform desirable or appropriate functions, such as cal-
culating spreadsheet data using formulas that interrelate
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different cells of the spreadsheet. These electronic spread-
sheets receive input data that is inserted into some cells
using a keyboard or a mouse. Automatic calculations are
made to determine the value of data in other cells using the
afore-noted formulas. In this manner, the electronic spread-
sheet includes inputted data comparable to that inputted by
hand using paper generated spreadsheets, as well as data
calculated using the processing power of the computer.

In one embodiment of an electronic spreadsheet, it is
known to adjust spreadsheet data to reflect any one of a
number of “what-if” scenarios. Each of these is displayed as
a table of data containing different user-entered input data
representing an “if” together with output data calculated to
reflect the resultant “what.” According to this method, by
changing input data to reflect one and then another “if,” a
spreadsheet plan-model can be changed inio one and then
another of a number of what-if scenario data tables, which
can be viewed sequentially on the computer display for
analysis by the user.

Such electronic spreadsheets still suffer from major defi-
ciencies. They only develop and show what-if scenarios for
a plan one at a time, with each in the format of a table of
numbers. The manager or investor must examine a number
of tables and can easily become lost or confused in the
spreadsheet numbers. The current modern spreadsheet also
does not show relationships between business factors and
goal results any more than hand generated and calculated
spreadsheet data.

Current spreadsheet software also offers business graph-
ics for visual presentation and comparisons of individual
numbers displayed in spreadsheets, including pie graphs, bar
graphs and “line” graphs (dots representing several numbers
that are connected by lines with no informational content).
Such business graphics are merely graphic depictions of
parts of individual spreadsheet data tables. They depict
individual discrete data elements contained in particular
individual spreadsheet cells, rather than mathematical rela-
tionships between inputs and outputs and continuums of
what-ifs. Like the spreadsheet itself, each such graph depicts
values contained in the spreadsheet at one time and do not
effectively respond to the above-noted spreadsheet deficien-
cies.

Hence, it would be advantageous to develop and display
what-if related spreadsheet scenarios in a way that optimizes
the organization and understanding of such information by
showing key factor(s)/goal(s) relationships and visually rep-
resent what-if scenarios involving spreadsheet factors and
goals associated with a vast number of possible what-if
scenarios on a single graph.

SUMMARY OF THE INVENTION

In accordance with the present invention, method and
apparatus are provided for graphically developing and dis-
playing a continuum of what-if scenarios derived, in a
preferred embodiment, from spreadsheet plan-model data
entered by a user. The present invention develops and
displays graphic analyses of entire ranges of hundreds and
thousands of what-if possibilities for an economic plan in
which each possibility is defined in terms of values of
economic factors and goal results, in graphic-analysis for-
mats that show priorities, trade-offs, alternative routes to
higher results for the goal, and combinations of factors that
represent thresholds of risks. For a typical spreadsheet
plan-model, the present invention offers thousands of
graphic analyses of different sets of factors and goal results,
which are selectable from simple menus shown on a com-
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puter display. With respect to the what-if possibilities for the
spreadsheet plan-model. on each graphic analysis, the user is
able to move to various what-if graph points and at each
graph point have factor and goal values displayed.

The apparatus of the present invention preferably includes
a computer system that executes software for manipulating
and displaying spreadsheet input and output data in the form
of a graph. In one embodiment, this software includes a
spreadsheet software package that displays an electronic
spreadsheet having a number of columns and rows that
define identifiable cells.

The software further includes a novel graphic analysis
software package that links with the spreadsheet software
and a plan-model it contains to request and manipulate
plan-model data that is controllably organized and manipu-
lated to develop one or more graphic analyses. Each of the
graphic analyses contains one or more curved or straight
Lines that depict plan-model goal-factor relationships. More
particularly, the spreadsheet plan-model includes cells con-
taining externally entered input data and other cells that have
associated formulas and display output data calculated to
reflect the input data. After invoking the graphic modeling
software, the user selects a first goal and at least a first factor
for which he wants a graphic analysis presenting a goal-
factor relationship and a range of variant what-ifs.
Specifically, he selects a plan-model output as a first goal,
for which he wants to see “what” results for various factor-
value “ifs.” and selects at least one plan-model input as a
first factor, for which he wants to see effects of various “if”
values on the “what” measured by the goal. Each goal and
factor is identified by a name indicating its meaning to the
user such as price, interest rate, depreciation, period(s) of
time, sales, profit, rate of return, net present value, etc. For
this selection process, the graphic modeling software iden-
tifies and provides lists of spreadsheet plan-model inputs and
outputs and associated names, from which the user can
develop lists of goals and factors identified by names for
which graphic analyses are to be offered. In one embodiment
of the invention, in the spreadsheet plan-model, the user
determines those outputs to be offered as goals and those
inputs to be offered as factors for graphic analyses, and
structures the plan-model with these goals and factors and
their names located in particular ranges of the spreadsheet
plan-model to facilitate development of the goal and factor
lists in the graphic modeling software.

Regardless of the embodiment employed to provide goal
and factor lists, such lists are displayable on a display screen
of the computer system in the form of menus. In one
embodiment, a menu list of goals identified by name and a
menu list of factors identified by name are displayed on a
display screen of the computer system. The user is able to
select one or more graphic analyses presenting different
goal-factor relationships using such menu lists.

In one embodiment, from the two menu lists one goal and
one factor are selected. The graphic modeling software then
carries out the selected graphic analysis and creates a graph
line showing the relationship of the goal to the factor and
showing a range of variant what-ifs each defined by variant
factor value and resultant variant goal value. In creating the
graph line, variant data are determined for the factor relative
to the factor data contained in the spreadsheet and corre-
sponding goal values are determined using the spreadsheet
as a calculator. A range of factor values above and below the
spreadsheet data is determined. Within this range, factor
values are determined for variant what-if graphpoints
required to determine the graphic analysis goal value range
and to develop the graph line. For each such factor value, the
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corresponding goal value is determined using the spread-
sheet as a calculator, through insertion of the factor value
into the plan-model and obtaining the resultant value for the
goal calculated by the spreadsheet. In one embodiment. a
direct goal-factor relationship expression is derived from the
plan-model and used for such calculations. A graph of the
goal variant values as a function of the factor variant values
is created from the variant what-if value-sets each compris-
ing determined factor variant data and associated calculated
goal variant data. In the case of this first embodiment, for
any selected goal a number of different graph lines setting
out relationships of the goal to different factors can be
created by selecting from the menu lists a goal and a number
of factors. In accordance with this embodiment, in one
graphic analysis a desired number of these different graph
lines can be simultaneously developed and displayed.

In another embodiment, in addition to the first menu list
of goals and the first menu list of factors a second menu list
of the factors is also generated. In this embodiment, after
selection of a goal, one factor is selected from each of the
two factors menu lists. Similarly to the previous
embodiment, graph lines are created setting out the relation-
ship of the selected goal to the two selected factors in
combination.

In the case of this second embodiment, a number of
different graph lines are created, with each graph line
representing a variant value of one of the two factors.
Specifically, each graph line is representative of a different
value for one of the two selected factors. The other factor is
represented by horizontal position relative to the x-axis, and
the goal is represented by vertical position relative to the
y-axis.

For each of the two embodiments, once the graph is
displayed, the graphic modeling software enables the user to
obtain information and data related to the selected factor(s)
and goal. In particular, when more than one graph line is
displayed, the user is able to choose one of the plurality of
graph lines for evaluating or analyzing factor and goal
variant data that varies from the plan data that was previ-
ously entered as part of the plan-model spreadsheet. The
chosen graph line is illustrated on the display screen so that
it is distinguished from the other graph lines (e.g., by color).
The user is able to cause a marker to “move along” this
selected graph line in desired increments to one or more
different graph points. In accomplishing this. a horizontal
scroll bar is utilized. The horizontal scroll bar is illustrated
or found along the factor or x-axis of the graph and is
activated to cause horizontal marker movement in the
desired direction (+or —) relative to plan data. The horizontal
scroll bar functions with a dotted indicator line that is useful
in identifying the factor variant data or value that was moved
to along the selected graph line. The indicator line for the
horizontal scroll bar is a dotted vertical line on the display
screen and is horizontally movable relative to the horizontal
axis.

Associated with this movable horizontal axis position
indicator is a horizontal axis position meter, showing in the
form of a number the value represented by the horizontal
axis position moved to.

Where the vertical dotted line representing horizontal axis
position meets the selected graph line, directly above the
selected horizontal axis position., a dot is displayed repre-
senting the what-if possibility or scenario moved to. And
from that dot, a vertical axis position indicator dotted line
extends horizontally leftward to the vertical goal axis. show-
ing graphically the resultant goal value of the what-if
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possibility moved to. This vertical goal axis position indi-
cator also has an associated axis meter, showing in the form
of a number the resultant goal value of the what-if moved to.

With this interactive move system, on a graphic analysis
the user can move to any or each of a large number of
what-if scenarios defined in terms of variant factor values
and, for each, see the resultant goal value. In one
embodiment, in which each graph line represents a different
factor and the horizontal axis has a common denominator
scale for variant values of any of the factors, on a single
graphic analysis the user can select any of the depicted
factors (graph line) and any of a range of variant values for
that factor (horizontal axis position), and for each of these
what-if possibilities see the resultant goal value. In another
embodiment in which the horizontal axis represents a range
of variant values for one factor and a set of graph lines,
where each represents a different value for a second factor,
on a single graphic analysis the user can move to any of a
large number of combined variant values of two factors
(graph line and horizontal axis position), and for each such
what-if possibility see the resultant goal value.

Further, at any what-if graph point moved to, the system
offers additional information on that what-if, including a
numerical summary of values for all factors and goals at that
what-if and comparisons of these values with those at other
designated what-if graph points, including the factor and
goal values of the graph point representing the originally
entered spreadsheet plan-model.

Additionally, on each graphic analysis, the graphic mod-
eling software provides a method for moving to various goal
values, enabling the user to see various factor values or
factor-value combinations that would produce particular
goal results. A vertical scroll bar is displayed along the
vertical goal axis, usable for moving to various vertical
positions each representing a particular goal value. A “goal-
line” extends horizontally across the graphic analysis at the
height of the goal value moved to relative to the vertical axis,
and an associated goal-line value meter shows the goal value
moved to in the form of a number. By observing where this
goal-line intersects each of one or more graph lines, the user
can see one or more graph points each representing what-if
factor values that will produce the goal value the user has
moved to. What each of these graph points represents in
factor values is readable by observing what the graph line
represents as shown by its label and observing the position
of the graph line’s intersection of the goal-line relative to the
horizontal axis. Furthermore, to assist the user in reading
factor values that meet a goal value moved to, the graphic
modeling software offers a system through which, after
moving the goal-line to a desired goal value, for any one
selected graph line or for all graph lines additional infor-
mation is displayed both graphically and in the form of
numbers to specify one or a plurality of factor values or
factor-value combinations required to meet the designated
goal value.

Returning to the graphic modeling software method for
moving to individual what-if scenario graph points, each
selected in terms of factor values, at any such graph point the
user has selected, the user is able to create a new or modified
spreadsheet that reflects the variant data for the selected
graph point. From this, the display screen is able to display
this new or revised spreadsheet, with the selected graph
point being used as the new input or what-if for this new
spreadsheet. Additionally, or alternatively, each graph that
presents different input/output relationships can be saved or
stored. When a number of graphs is saved, a menu can be
created that includes names or labels of the saved graphs.
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Based on the foregoing summary, a number of benefits
and/or advantages of the present invention are readily seen.
Information is developed and delivered on entire panoramas
of possibilities for a plan and on the underlying relationships
among the factors and goals, across ranges of possibilities
above and below the values in the spreadsheet plan-model.
Through the development and delivery of such information,
priorities among factors relative to their effects on goals,
trade-offs between alternative factor combinations relative
to resulting goal values, alternative combinations of factors
that result in particular user-defined goals, and combinations
of factor values that force goal values below any particular
user-defined minimum goal levels are provided. Such infor-
mation based on spreadsheet plan-model data is developed
and delivered using spreadsheet software products. as well
as other plan-model entry devices. More particularly, from
the spreadsheet plan-model, the present invention enables
the operator/user to select inputs (factors) and outputs
(goals) for creating a desired graph. In one embodiment, a
number of different graph lines are displayed that illustrate
relationships between each of a number of different factors
and the same goal. In another embodiment, a graphic
relationship is illustrated between a selected goal and any
two selected factors in combination. In both embodiments,
the developed and displayed information covers ranges of
factor and goal values above and below the original or plan
data entered in the spreadsheet plan-model, including goal-
factor relationships not ever defined or shown in any for-
mula in the typical spreadsheet plan-model. The graphic
presentation of the present invention provides a concise
visual delivery of spreadsheet plan-model analysis informa-
tion for which users of all skill levels can benefit from
assistance in both learning and ongoing application. In that
regard, interactive moving is provided to various factor-goal
graph points in the realm of what-if possibilities shown by
each graphic analysis and presenting information associated
with each such graph point that is moved to. The present
invention is also able to create a new detailed spreadsheet
plan-model reflecting the chosen graph point. Additionally,
customized menus of particular graphic analyses and other
customized user interfaces can be created, as well as saving
the graphic analysis in storage memory using, for example,
disk files.

Additional advantages of the present invention will
become readily apparent from the following discussion,
particularly when taken together with accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram generally identifying the
hardware and software of the present invention;

FIG. 2 illustrates a computer displayed spreadsheet that is
generated using a spreadsheet software package that
includes a number of identified cells, any of which can be
used for containing cell data that is a function of data in one
or more other cells;

FIG. 3 illustrates a plan-model that includes data and
other information of a representative, hypothetical company;

FIG. 4 illustrates the same spreadsheet plan-model of
FIG. 3 except for a change to reflect a different what if;

FIG. 5 illustrates an example of a “formula tree” associ-
ated with a financial plan;

FIG. 6 identifies principal steps and processes of the
graphic modeling software;

FIG. 7 illustrates a spreadsheet plan-model that displays
goal and factor cells that will be linked to using the graphic
modeling software;
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FIG. 8 illustrates an embodiment for use in linking
between the graphic modeling software and the spreadsheet
software;
FIG. 9 illustrates a computer display screen having a
“Modify Lists” window for changing factor and goal lists
and names;

FIG. 10 illustrates a computer display screen having a
user interface that enables the user to select the external
software, such as the spreadsheet software, and the plan-
model file using the graphic modeling software;

FIG. 11 illustrates a computer display screen that enables
the user to select data from the external software;

FIG. 12 illustrates a computer display screen for an
invention embodiment in which the graphic modeling soft-
ware works as a part of or add-in for another software
product; .

FIG. 13 illustrates a computer display screen involving
use of both the Lotus 1-2-3® software product of Lotus
Development and the Excel® software product of Microsoft
in which these external software products are an integral part
of or add-in for the graphic modeling software;

FIG. 14 illustrates a process for developing a list of
outputs from a plan-model to assist the user in selecting
goals;

FIG. 15 illustrates a process for developing a list of inputs
from a plan-model to assist the user in selecting factors;

FIG. 16 illustrates a computer display screen for use in
linking and using plan-model data entered or stored in
various types of software products including the graphic
modeling software;

FIG. 17 illustrates a computer display screen having a
window for selecting a prioritizer type of graphic analysis;

FIG. 18 illustrates a computer display screen having a
window for selecting an optimizer type of graphic analysis;

FIG. 19 illustrates a computer display screen for another
embodiment used in connection with choosing a goal and
factor(s);

FIG. 20 illustrates a computer display screen having a
prioritizer type graphic analysis;

FIG. 21 illustrates a computer display screen having an
optimizer type graphic analysis;

FIG. 22 illustrates an example of steps for deriving a
relationship between factor and goal by listing dependent
cells for a selected factor;

FIG. 23 illustrates a step diagram for determining goal
data and producing a graphic analysis showing a goal-factor
relationship without the intermediate step of deriving direct
goal-factor formulas;

FIG. 24 illustrates a computer display screen having a
window for obtaining desired axes ranges and increments
for a prioritizer graph;

FIG. 25 illustrates a computer display screen having the
prioritizer graph lines of FIG. 20 but with different axes,
ranges and increments;

FIG. 26 illustrates a computer display screen having a
window for obtaining desired axes ranges and increments
for an optimizer graph;

FIG. 27 illustrates a computer display screen having the
optimizer type graph lines with the graph lines increment
changed by the user from that illustrated in FIG. 21;

FIG. 28 illustrates a computer display screen having a
prioritizer type graphic analysis illustrating range limits for
certain individual factor graph lines;
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FIG. 29 illustrates a computer display screen having a
window for user entry of factor ranges for prioritizer graphic
analyses;

FIG. 30 illustrates a computer display screen having a
window for user entry of particular graph line ranges for
optimizer graphic analyses;

FIG. 31 illustrates a computer display screen having an
optimizer graphic analysis with factorl range limits affected
by factor2 values;

FIG. 32 illustrates a computer display screen having a
window for entering expressions relating one factor to other
factors;

FIG. 33 illustrates a computer display screen having
graphic analyses of multiple plan-models in a single graph;

FIG. 34 illustrates a computer display screen having
multiple windows for simultaneously displaying multiple
graphic analyses;

FIG. 35 illustrates a computer display screen having a
prioritizer type graphic analysis with tools for interactive
analysis exploration;

FIG. 36 illustrates a computer display screen in which
movement along a prioritizer graph line is indicated and
information on the current graph point position is displayed;

FIG. 37 illustrates a computer display screen similar to
that of FIG. 36, but in which a smaller movement along a
graph line is indicated;

FIG. 38 illustrates a computer display screen having
prioritizer graph lines in which movement is made from one
graph line to another;

FIG. 39 illustrates a computer display screen having
optimizer graphic analysis on which interactive exploration
is conducted;

FIG. 40 illustrates a computer display screen having
prioritizer graph lines with graph point markers;

FIG. 41 illustrates a computer display screen having
prioritizer graph lines, markers and a note referring to a
particular marker;

FIG. 42 illustrates a computer display screen having
prioritizer graphic analysis with data displayed for all goals
and factors relative to current graph point location;

FIG. 43 illustrates a computer display screen similar to
FIG. 42 but also displaying values for plan data and differ-
ences for goal and factor data based on current and plan data;

FIG. 44 illustrates a computer display screen having
optimizer graphic analysis with a goal-line indicator;

FIG. 45 illustrates a computer display screen similar to
FIG. 44 but providing additional information on a factor
value required to produce the goal value the user has moved
to;

FIG. 46 illustrates use of the spreadsheet software as a
calculator to determine a factor value required to produce a
goal value the user has moved to;

FIG. 47 illustrates a computer display screen having a
new spreadsheet plan-model created from a selected graph
point from an optimizer type graphic analysis;

FIG. 48 illustrates a computer display screen having
prioritizer graphic analysis developed from a new spread-
sheet plan-model;

FIG. 49 illustrates a computer display screen having a
“save” indicator for saving and opening a file of a user’s
graphic analysis work;

FIG. 50 illustrates a computer display screen having a
window for creating a customized menu of selected graphic
analyses;
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FIG. 51 illustrates a computer display screen having a
window for assigning a selected graphic analysis a name and
adding it to a customized menu;

FIG. 52 illustrates a computer display screen having a
customized menu for use in redeveloping a selected graphic
analysis;

FIG. 53 illustrates a computer display screen having a
menu of multiple graphic analyses selected and named by
the user;

FIG. 54 illustrates a computer display screen having a
customizer window for developing objects, properties and
code; and

FIG. 55 illustrates a computer display screen having an
example of an initial display when the customization feature
is invoked.

DETAILED DESCRIPTION

The description of the present invention that follows is
directed to an embodiment for use (a) on an IBM-compatible
PC system, (b) in the Microsoft “Windows™ software
environment, in general conformance with the Microsoft
“Windows” user-interface style conventions, (c) for analysis
of spreadsheet plan-models, (d) with the graphic analysis
performed by novel graphic modeling software external to
spreadsheet software, (e) with interaction between the
graphic modeling software and the spreadsheet software
accomplished through Microsoft “Windows” dynamic data
exchange (DDE) and object linking and embedding (OLE).
However, the present invention is not limited to the elements
of the described embodiment. It could be used on other
computer systems, such as computer work stations, in other
software environments (e.g., UNIX), with user-interface
style conventions different from those of Microsoft
“Windows,” such as those found with Macintosh computers.
The invention could be embodied in systems including
graphic modeling software different from that described
hereinafter. The graphic modeling software of the present
invention could, with respect to spreadsheet plan-model
entries, use either or both of data in separate software
products other than spreadsheets, such as financial modeling
or database or accounting software, and/or entries made in
the graphic modeling software itself. Interactions between
the graphic modeling software and other software containing
plans, models and/or data, if any, could be accomplished by
methods other than DDE and OLE, such as various pro-
gramming languages.

With reference to FIG. 1, this preferred embodiment of
the present invention is schematically illustrated in a block
diagram. The present invention is embodied in a computer
system 100 that includes the IBM-compatible PC having a
processor 104 processing the data and other information
inputted or otherwise provided to or otherwise developed by
the computer system 100. The processor 104 cxecutes
software that enables the user to create for display from a
substantial number of possible graphic analyses a desired
one or more of them. In one embodiment, the software is
categorized as spreadsheet software 108 for, among other
things, displaying a traditional spreadsheet comprised of a
number of columns and rows with each rectangle in a
particular column and a particular row being defined as a
cell. The spreadsheet software 108 is also useful in deter-
mining outputs using formulas that interrelate input and
output data. In this embodiment, the spreadsheet software
108 is communicated or linked by novel software that is
identified as graphic modeling software 112, although it
should be appreciated that the spreadsheet software 108 and
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the graphic modeling software 112 could be integrated as a
single software package. The graphic modeling software 112
performs a number of advantageous functions, which will be
explained in detail later herein, including the development
and display of graphic analyses, numbers or values, printed
text, as well as displaying, for activation by the operator or
user, menus, icons, horizontal/vertical scroll bars and
horizontal/vertical indicator lines.

The computer system 100 also includes a memory 116
that communicates with and is accessed by the processor
104 for performing the desired functions, including obtain-
ing data from memory in connection with execution of the
software 108, 112. In one embodiment, the storage memory
116 includes a random access memory (RAM) that typically
stores data involved in processing such as calculated data or
interim calculated data. The memory 116 also includes one
or more hard or floppy disks 124 for storing the executable
software, as well as saving data or other information, such
as information for reproducing graphic analyses that were
created and are stored for later reference.

The computer system 100 further includes a computer
terminal display screen 128 that illustrates or displays infor-
mation in a desired and advantageous format, such as the
afore-noted spreadsheet and created/selected graphic analy-
ses that interrelate spreadsheet input and output variables.
One or more input devices 132 enable the user to commu-
nicate the user’s inputs to the computer system 100. The
input devices 132 typically include a keyboard and mouse.
One or more output devices 136 may also be provided and
could include, for example, a printer that provides desired
hard copies of displayed information, including the graphic
analysis or analyses selected by the user.

Referring now to FIG. 2, the description of the spread-
sheet software 108 is continued. FIG. 2 shows the work area
of an electronic spreadsheet that can be generated on the
display screen 128. The spreadsheet includes a matrix of
columns 201 and rows 202. In a spreadsheet matrix, typi-
cally each column is identified by a letter shown above the
column —A, B, C, etc. Each row is typically designated by
a number as shown at the row’s left—1, 2, 3, etc. The
rectangles created by intersections of columns and rows are
called cells. Each cell is commonly designated by the letter
of its column and the number of its row. For example, the
cell 203 in column B and row 3, shown in FIG. 2 with a
heavier border, is designated as cell B3.

Spreadsheets have far more cells than the computer
display screen 128 shows at any one time. The user can pan
the computer display screen 128 across the spreadsheet to
illustrate other columns. For example, columns T through Z
or AF through AM can be seen by panning to the right. The
computer display screen 128 can be panned downwardly to
see other rows, such as rows S5 through 77. Current spread-
sheets have huge numbers of cells. For example, at this
writing, the current versions of the Lotus 1-2-3® and
Quattro Pro® spreadsheets each offer a matrix of over 250
columns and over 8000 rows providing over 2 million cells.
The Microsoft Excel® matrix has twice as many rows,
providing a matrix of over 4 million cells.

In any cell, a user can enter text (such as “sales,” as shown
in FIG. 2 cell D4), or a number (such as “300.” entered in
cell E4). With these simple capabilities, spreadsheets are
useful for almost every situation in which a user wants to
produce either numbers or words or both laid out in columns
and rows. Spreadsheets are used widely for such purposes.

In any cell, instead of simply entering text or a number,
a user can make a third kind of entry: a formula which
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calculates a number, such as =2+2. For formula entries,
spreadsheets provide the following key characteristics and
capabilities:

(a) When a user enters a formula in a cell. the cell displays
the formula answer or result. For example, in FIG. 2. in
cell B10, the user has entered the formula =2-+2. and in
that cell what is displayed is the result, 4.

(b) In a cell’s formula. the user can include references to
other cells, such as cell E6. In place of each such cell
reference. the formula will use the number displayed in
the referred-to cell. For example, in the example of
FIG. 2. in cell E6, assume the user has entered the
formula =E4—200. and since the number displayed in
E4 is 300, the formula in E6 calculates 300200 and its
cell E6 displays the E6-formula result, 100.

(c) In a formula a user can include predefined mathemati-
cal components, commonly called functions, which
greatly expand user ability to enter formulas and sim-
plify user entries of formulas. For example, for certain
calculations of loan payments, most users would have
difficulty defining the right algebraic entries, but
spreadsheets have functions that have loan-payment
algebra built in and are very easy to enter.

(d) When the number displayed in any cell is changed, any
other cell with a formula affected by the changed
number will recalculate its result based on the change.
For example, if in the spreadsheet matrix shown in FIG.
2. the user changes the number in cell E4 from 300 to
600, the formula in E6, which is =E4-200, will
recalculate, using for E4 that cell’s new number of 600.
The result will be displayed in cell E6, which will
change from its prior result of 100 to display the new
result of 400.

{e) Any cell’s formula can include references to other
formula cells, and for each such reference will use the
displayed result number of the referred-to formuta cell.
For example, in FIG. 2, cell D7 could have a formula
referring to the formula in cell E6, and cell F9 could
have a formula referring to the formula in cell D7
which in turn refers to the formula in cell E6. In every
case, wherever a formula has a reference to another cell
having a formula, it will use the result-number dis-
played in that referred-to formula cell. And if any cell’s
number is changed, all cells with formulas will recal-
culate as necessary to reflect the change. For example,
if the user makes the eniries just described, and then
changes the number in cell E4, that change of cell E4
will cause recalculation and change in cell E6, which
will canse recalculation and change in cell D7, which
will cause recalculation and change in cell F9.

(f) Current spreadsheet products enable a user to make
entries on muitiple spreadsheet pages, and on any
spreadsheet page enter formulas that refer to cells on
other spreadsheet pages. Each spreadsheet page, con-
taining its own matrix of columns, rows, and cells is
called a worksheet; a set of worksheets is commonly
called a workbook. For example, an analyst could use
five worksheets for five components of an analysis, and
a sixth worksheet for a summary in which he enters
formulas with references to cells in the other work-
sheets to calculate the summary numbers. Current
spreadsheet products provide workbooks of many
worksheets which together contain vast numbers of
cells. Each of the cited spreadsheets offers workbooks
of over 250 worksheets, and with each worksheet
offering 2 to 4 million cells, in such a workbook a user
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can build a model in a three-dimensional space of a half
billion to a billion cells.

FIG. 3 shows an example of a typical single-worksheet
business-financial plan-model, in this case a startup plan for
a hypothetical new software company, simplified so it can be
fully shown in the illustration. FIG. 4 shows the same
plan-model after the user has changed an input representing
rate of growth of unit sales. Together these two figures
provide a simplified example of typical use of spreadsheets
for viewing alternative possibilities for a plan. A more
realistic and typical example would show a model with more
columns, rows, and numbers, and show more tables repre-
senting more possibilities for the plan.

For business-financial plans in particular. two aspects of
spreadsheets are widely considered major advantages. One
is that the columns-and-rows format (and large numbers of
available columns and rows) conforms to the centuries-old
traditional practice of producing business-financial projec-
tions and reports in the format of large tables of columns and
rows of many numbers.

The second is that with formulas in spreadsheet cells able
to use results of other formulas in other cells, spreadsheet
users can build models that refiect complex input-output
relationships by entering much simpler formulas, for indi-
vidual small steps in the inputs-to-outputs calculation pro-
cesses. With a very wide range of business-financial users,
most of which are not mathematical experts, this spreadsheet
characteristic facilitates wider business-financial use.

In spreadsheet entries of business-financial plans and
other models, it is common that effects of particular input
values on particular output values are not expressed through
single formulas, but rather are implied through chains of
formulas. To illustrate this point, and to illustrate that it is
true for most of even the simplest spreadsheet models, FIG.
5 shows a “formulas tree” for a typical entry of a very simple
business-financial plan. In this diagram. each rectangle
containing the word “Formula” represents a location of a
formula that calculates the value of the variable fo the
formula’s right nsing values of items to the formula’s left.
For example. Formula 1 nearest top left is:

Sales of A=Price of AxUnits of A In this example, the
value of Units of A, which is the second item at far left and
may be an input, affects the value of Profit which is at far
right and is an output. This effect is not realized through a
single formula, but through a “double chain” of six formu-
las. Units of A affects Sales through Formula 1 and Formula
7. and also affects Costs through Formula 2 and Formula 8;
and these two formula chains affect Profit through Formula
9. While in the model as a whole, the value of Units of A
affects the value of Profit, the builder of this model has not
entered and the model does not display or contain any
formula that defines the value of a typical key output, e.g..
Profit, in terms of the value of a typical input with important
effect on that output, such as Units of A.

This is typical of business-financial spreadsheet plan-
models. For most relationships between inputs and outputs
(especially most final outputs the user considers most
important), the user has not formulated or made any entry
expressing the relationship between the input and the output.
Additionally, the plan-model does not contain or display any
formula or equation expressing the relationship between the
input and the output. The significance of this to advances and
advantages of the present invention will be described further
on.

As has been noted. a spreadsheet plan-model can be
rapidly changed from one combination of input and output
values to another; however, these combinations are shown
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one at a time, with each combination of input and output
values depicting one what-if scenario as a table of numbers.
The principal most recent innovation for improving use of
multiple input-output value combinations for a spreadsheet
plan-model is a feature called version manager or scenario
‘manager. This feature enables users to, for a particular
spreadsheet plan-model. create, manage, and view multiple
input-output value combinations or what-if scenarios more
efficiently and quickly. Nonetheless, with this new feature, it
remains true that the spreadsheet displays alternative input-
output value combinations (what-if possibilities) one at a
time with each displayed as a table of numbers that is
typically large.

With reference initially to FIG. 6, the present invention
displays the what-if possibilities using a novel graphic
analysis process that advances the user beyond these vast
tables of numbers. This is primarily accomplished using the
graphic modeling software 112. For steps 611-615 of FIG.
6, the graphic modeling software “GMS” is the sole or
principal application software. With regard to step 610, the
GMS could be the sole application software or this function
could be shared by other software product(s) used for some
or all of the spreadsheet plan-model entry and storage, such
as the spreadsheet software 108.

Before proceeding to a more detailed discussion of the
steps of FIG. 6, an overview thereof is described. Step 610
recites the step of entering the spreadsheet plan-model,
including input values, formulas and labels. If the spread-
sheet plan-model is external to the graphic modeling soft-
ware 112, such as in the embodiment that includes the
spreadsheet software 108, a link is made between the
spreadsheet software 108 and the graphic modeling software
112. In step 611, a selection is made as to which of hundreds
or thousands of possible graphic analyses will be displayed
on the display screen 108 for analysis. The graphic analysis
of one or more graph lines is developed and subsequently
displayed in accordance with step 612. After display, the
user is able to interactively use the displayed graphic analy-
sis to conduct desired what-if analysis, as recited in step 613.
As part of the what-if analysis using the displayed graph
lines, the user is able to select one or more graph points from
which one or more new spreadsheet plan-models can be
created, in accordance with step 614. Finally, the user can
save and reproduce the graphic analyses and their interactive
graph usage by means of customized analysis files stored on
disk or other memory in accordance with step 615.

Although six major steps are noted, it should be under-
stood that a number of integrated processes are definable
using less than all of the six steps 610—615. In a first
integrated or subcombination process, steps 610—612 are
performed. From these steps, the computer system 100
through user selection of a goal and one or more factors
develops and displays graphic analyses showing goal-factor
relationships and panoramas of combinations of factor vari-
ant data and goal variant data across ranges above and below
values contained in the spreadsheet plan-model, represent-
ing a great number of what-if possibilities. A second inte-
grated process or subcombination adds the step 613 to steps
610-612. Specifically, after the created graphic analysis with
graph lines is displayed, interactive explorations of what-if
possibilities are conducted. A third integrated process or
subcombination adds the step 614 to steps 610-613 whereby
a new or modified spreadsheet is generated using the results
of the interactive usage of the displayed graph. A fourth
process adds step 615 through which user interface is
customized for easiest access to and use of particular graphic
analyses.
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FIG. 6 also illustrates the main procedures for conducting
steps 610—615. In particular, a representation is provided of
the cycling of steps conducted by the user. With respect to
cycles a, b, after step 612 or 613, the user will typically cycle
back to step 611 in order to select, then create and then
explore another of the many graphic analyses that are
available. Similarly, in accordance with cycle C. the user
will commonly proceed to select, create and explore graphic
analyses of the new or modified spreadsheet plan-model that
was created. In accordance with cycle d, after a user has
finished step 615, new cycles of use will typically be carried
out by other users for whom the graphic analyses has been
customized.

FIG. 7 illustrates an example of a spreadsheet plan-model
that is to be entered and linked to using the graphic modeling
software 112. The illustrated plan-model is an investment in
a condominium which is to be rented out for five years and
then sold. Except for the aspect of plan-model layout and
structure described just below, standard spreadsheet model-
ing entries and methods are used.

As FIG. 7 shows, the spreadsheet plan-model is laid out
in three major sections: a two-column list of factor names
and values 701, which contains names and input plan data or
values for which the user will or may want to explore effects
of variations in values; a typical plan-model projection table
702, which shows the results of formulas for the progres-
sions of calculations from inputs to key outputs, with the
formulas being part of the cells; and a second two-column
list of goal names and goal values data 703, which are
representative of output values that the user considers criti-
cal for assessing results. The table 702 is built with the
projection table data being based on the data or values in the
cells in the factors list, so that whenever values in the factors
list are changed, the table results change toreflect the current
data in the factors list. For example, if the price of 200 in the
factors list is changed to 210, the data in cell F6 changes
using its associated or contained formula (which is —Price)
to —210.00. Similarly, the cells in the goals list contain
references to projection table cells so that the goal data
reflects current results in the table.

It should be understood that spreadsheet plan-model data
already entered without this layout can be adapted to this
layout easily. The key step is to enter the factors list, and
then in the existing plan-model, change the original entry of
each factor value into a reference to that value’s cell in the
factors list.

As will be seen, this spreadsheet layout is part of the
system for the entry-and-linking process in the embodiment
of the present invention under current discussion; but it is
also good modeling structure with important advantages for
plan-modeling within the spreadsheet itself. With this
spreadsheet layout, the model-builder and other users can (i)
quickly see what input values (factors) and output results
(goals) the model has been structured to test, and (ii) in the
concise spreadsheet area of just the two lists, see and test
changes for values of all key inputs, or factors and resulting
values of all key outputs, or goals.

FIG. 8 illustrates one embodiment of a user interface for
the graphic modeling software to link to the spreadsheet
plan-model. This particular interface design is tailored for
spreadsheet plan-models entered in the layout described just
above and illustrated in FIG. 7. In the exemplary design
shown in FIG. 8, in the graphic modeling software, the user
has selected the menu item Setup 801, which caused display
of a dropdown list of subchoices from which the user
selected Spreadsheet Plan Links (“SpredLink™). This selec-
tion causes appearance of the window titled SpredLink 802.
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In the SpredLink window, to indicate the spreadsheet
software 108 in which the plan-model is entered, the user
selects an option-button 803. Next he enters disk path and
file name of the spreadsheet plan-model in a textbox 804
labeled for that purpose. At lower left in the SpredLink
window in the goals column 805, the user provides infor-
mation on spreadsheet location of the goals list: letters of
name and data columns, and numbers of top and bottom
rows. At lower right in the SpredLink window in the factors
column 806, the user provides analogous information on the
spreadsheet location of the factors list. When the user has
completed his entries in the SpredLink window, he clicks its
OK button 807. The SpredLink window disappears from
view.

Once the user has completed provision of information in
the SpredLink window. in the graphic modeling software the
user can create a disk file which will contain this SpredLink
information, so that for future graphic modeling of the same
plan-model. he need not provide the information in
SpredLink again. Instead, with the graphic modeling soft-
ware open, the user simply opens the file, at which point the
graphic modeling software automatically re-enters the
SpredLink information. This file could also contain addi-
tional information on the plan-model and its graphic
analysis, exploration, and customization which will be dis-
cussed in the following sections.

‘With the information provided in the SpredLink window,
the graphic modeling software can link to and interact with
the spreadsheet plan-model. including factor data and goal
data, using DDE and OLE, to camry out procedures and
processes described in following sections. As soon as the
user indicates completion of SpredLink entries by activating
or clicking OK, the graphic modeling software uses the
information the user has entered to establish the linking and
obtain the plan-model names and data to prepare for rapid
execution of steps and processes described in the following
sections.

Once the user has provided the SpredLink-window infor-
mation required for the linking, the graphic modeling soft-
ware offers the user means for modifying the factors and
goals lists to be used by the graphic modeling software. To
enable this modifying, the graphic modeling software dis-
plays a Modify Lists window 901 shown in FIG. 9. To
produce this window, the graphic modeling software obtains
from the spreadsheet plan-model the names of all goals and
factors using DDE or OLE, and displays them in the Modify
Lists window, in two user-modifiable lists of goals 902 and
factors 903.

In this Modify Lists window, the user can edit names of
goals or factors. He may want to modify some of these
names specifically for use in the graphic modeling software
for various reasons, such as to make a goal or factor name
more descriptive to others who will use the graphic model-
ing software, or to shorten some names for display as labels
on the graphic analyses. To edit names, the user first selects
the Edit option bution 994. With this option button selected,
the user can select and edit the name of any goal or factor,
using standard text entry and editing procedures.

In the Modify Lists window, the user can also delete and
restore any goal on the list for graphic analysis. The user can
also delete and restore any factor on the list, either () for all
graphic analyses or (b) for graphic analyses focused on any
particular goal. A principal reason users are likely to do this
is that some factors are important for one goal but irrelevant
for another—for example. in an overall business-financial
plan-model, the Number of Shares input has important effect
on the Earnings per Share goal, and should be offered for
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graphic analyses focused on that goal; but has no effect on
the Total Profit goal, for which reason the user may want to
exclude it from options for graphic analyses focused on that
goal. '

To delete and/or restore goals or factors being identified
in the Modify Lists window, the user first selects the
Delete/Restore option button 905. With this option button
selected, the user can delete any nondeleted output by
selecting its name, which on this list grays it (makes it
appears semi-erased); and restore any deleted goal by select-
ing it. When any goal has just been restored, the factors list
is specific to that goal, and the user can use the same
procedures on the factors list to delete and restore factors for
that specific goal. When the modification of lists is
completed, the user selects the OK button 906.

The entry-and-linking system of the present invention is
not limited to the exemplary design described above. The
invention can use any system or combination of systems that
enables the user to enter and/or link to the graphic modeling
software a plan-model or parts of the plan-model in a
manner such that the graphic modeling software can. as in
the embodiment described herein, or otherwise, determine
goal data or values for various combinations of factor data
or values.

In another embodiment for entry-and-linking, FIG. 10
illustrates a design of user interface through which the user
can, by selection only, indicate to the graphic modeling
software the disk path and file of external software contain-
ing the plan-model or part thereof. The graphic modeling
software displays a dialog box 1001, which in the illustration
is titled SpredPlan File. This dialog box 1001 contains a
rectangle 1002 through which the user can by selection (e.g.,
by mouse) peruse all file directories on all storage disks and
select any directory for display of files it contains. This box
also has a second rectangle 1003 in which the user can see
a Iist of files in any directory he has selected, and select any
displayed file for the linking. Procedures for using such a
dialog box are identical to those used for opening all
Windows application software files, with which the user
must be familiar for use of any Windows software product
and which any user of the invention will know well. Such a
user interface design can be used for the user’s designation
to the graphic modeling software of the disk path and file for
any external software containing the plan-model or any
portion thereof, including spreadsheets, database software,
accounting software, or other software products external to
the graphic modeling software.

Similarly, in any embodiment of the invention in which all
or any of the plan-model or data is contained in any external
software, user indication of where it is located in the external
software could be made by selection. FIG. 11 illustrates an
example of this approach for the spreadsheet entry of the
spreadsheet plan-model shown in FIG. 7. In FIG. 11, the user
has the graphic modeling software’s SpredLink window
open, with the lower part 1101 of this window for indication
of spreadsheet location of goals currently visible. To enter
the location of the goals list, the user has the spreadsheet and
its plan-model open 1102, and has selected the columns-
and-rows rectangle of the spreadsheet (called a range)
containing the goals list 1103, This selection of the goals-list
area of the spreadsheet plan-model 1103 causes entry of the
appropriate column letters and row numbers in the goals part
of the graphic modeling software’s SpredLink window
1104.

In an embodiment of the present invention, the graphic
modeling software need not be a separate software
product—it can be partly or wholly integrated with a spread-
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sheet or some other software product used for all or some of
the plan-mode! entry. For example, the invention can be
implemented with the graphic modeling software as an
“add-in” software product designed to work as an optional
extra for the spreadsheet or other software product, or as an
integral part of a spreadsheet or some other software
product, as illustrated in FIG. 12. In an alternative
embodiment, a spreadsheet or other software product could
be an add-in to the graphic modeling software or an inte-
grated part of the graphic modeling software, as illustrated
in FIG. 13. Through integration of the graphic modeling
software with the spreadsheet or other software product used
for pian-model entry, some or all of the linking steps
otherwise taken by the user can be automated or simplified
through programming of the integrated product(s).

Automation of the invention’s linking can include auto-
matic listing of all items in the plan-model that the user may
want to designate as goal cells, so that instead of the user
carrying out the linking steps of determining and indicating
locations of goal cells, the user can select goals from a list
of goal candidates developed and provided for him. FIG. 14
provides an illustration of a system that can be used for this
method of aiding the user in linking. In FIG. 14, the audit
feature 1401 of the Lotus 1-2-3® spreadsheet has been used
in the condominium plan-model to display a list of “all
formulas” 1402, starting in cell E2, which causes the spread-
sheet to display in its column E a list of cell addresses and
contents of all condominium-model cells containing
formulas, which are all output cells 1403. Since all goals
must be results of contents of other cells, all goal cells with
data or values must contain or be associated with formulas.
Potential goals for the graphic analysis must be in such a list.
The graphic modeling software can use OLE or DDE to
command the spreadsheet to display such a list for the user’s
plan-model. Then, the label or name defining each of these
cells is found by searching cells to left of and/or above the
cell containing the data. A list is all these names as potential
goals, from which the user can select all those he wants in
his list of goals for the graphic analysis.

Similarly, the graphic modeling software can use the audit
feature of Lotus 1-2-3® as shown in FIG. 15 to display, for
each goal, a list of all input cells that affect that goal’s value,
and thus for each goal provide the user a list from which he
can select the factors he wants on that goal’s factors lists for
the graphic analysis. In FIG. 15, in the spreadsheet plan-
model, the Net Present Value goal (C5) 1501 is selected. The
audit feature’s Formula Precedents 1502 is used to display
a list 1503 of all cells whose values affect the selected Net
Present Value goal. For each goal the user has selected for
his goals list, the graphic modeling software can command
the spreadsheet to display such a list. Then from this list, the
graphic modeling software can find all cells in the list that
contain inputs, and for each formula found, repeat the
process until all inputs affecting the goal directly or through
formulas are identified. For each such cell, the label or name
is found and a list of these potential factor names is provided
to the user for his selection of which inputs affecting the goal
user wants to select as factors for the graphic analysis.

As has been poted, the present invention’s entry-and-
linking process is not limited to entries made or contained in
a spreadsheet. The entry-and-linking part of the invention
process can be implemented through entries or data made or
contained in other kinds of application software, which are
then linked to or copied to the graphic modeling software or
through entry directly in the graphic modeling software
itself or through combinations of these two. An example of
the basic framework of one design for all such entry-and-
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linking is shown in FIG. 16. This figure shows a design for
a window of the graphic modeling software titled Plan Entry
& Link 1601, which contains a matrix for Numbers 1602
and a form for Formulas 1603. In the Numbers matrix, the
user can enter data (a) directly and (b) by linking to elements
of external software. To obtain the user interface for indi-
cating to the graphic modeling software the external source,
the user selects the Link button 1604. Tn the Formulas 1603,
the user can make entries in the same ways, directly and/or
by linking to external software products. As an example of
the flexibility of this design, a user could enter an entire
spreadsheet plan-model in the Numbers matrix by linking,
and then define further output relationships by entering
formulas in the Formulas 16603 that contain references to
elements of the linked spreadsheet in the Numbers matrix.
Once the entries are made in this window, by either direct
entry or linking or both, no further linking is required
because the entries in this window are already contained by
the graphic modeling software in locations and formats it
can use for the graphic analyses.

For users who already have plan-models entered in
spreadsheets or prefer to enter them in spreadsheets, an
embodiment and user interface designed especially for link-
ing to spreadsheet plan-models as exemplified by FIG. 8
may be most convenient, perhaps with user interface options
as exemplified in FIGS. 9-11. As of this writing, in light of
widespread use of spreadsheets and resulting possession of
plan-models already entered in spreadsheets and skills for
entry of plan-models in spreadsheets, such embodiments
may be preferred embodiments of the present invention at
this time. But in the future, more flexible embodiments of
the invention designed for entry directly within the graphic
modeling software and/or in various types of external
software, as exemplified by the design example shown in
FIG. 16, may become preferred, and represent more fully the
scope of the entry-and-linking part of the invention.

With desired linking in place, the nser has options to
select substantial numbers of graphic analyses with each
involving variations in the data or values of different com-
binations of goals and factors. In the preferred embodiment,
multi-list menus are provided in which (a) each list is a list
of either goals or factors and (b) one or more selections on
each of two or more lists constitutes selection of one graphic
analysis. The preferred embodiment of the graphic analyses
includes, but is not limited to, the two types described next.
A first type of graphic analysis shows relationships and
values of factors and goals across ranges above and below
original or plan data (variants) for a selected goal relative to
each of any number of selected factors. This is identified as
a “prioritizer” type. A second type of graphic analysis
illustrates relationships and values across ranges above and
below original or plan data (variants) for a selected goal
relative to a combination of any two selected factors. This is
identified as an “optimizer™ type.

With reference to FIG. 17, a window of the graphic
modeling software for identification and user selection of
graphic analyses of the prioritizer type is displayed on the
computer display screen 128. In this illustration, the graphic
analyses offered are those for the condominium example set
out in the spreadsheet of FIG. 7 and linked to the graphic
modeling software in accordance with FIG. 8.

In accordance with this example, at any time after plan-
model entry and linking, to see available graphic analyses
and make a selection, the user first selects graph 1701 on the
menu, which causes display of a dropdown list of graphic
analysis types including prioritizer and optimizer. The user’s
selection of prioritizer causes display of the prioritizer
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graphic analyses menu 1792, containing a list of goals 1703
and a list of factors 1704. In this menn, the user can select
any item in the goal list. (In the illustration, the goal rate of
return is selected.) As the user makes or changes the goal
selection, if the factors associated with the selected goal
differ from those in the menu’s factors list. the factors list
changes so that it always shows the factors associated with
the currently selected goal. After selecting a goal, the user
then selects any one or more items in the factors list. (In the
illustration, the first, second, fourth, and fifth items in this
list are selected.) The user can select any goal together with
any one or more factors, and the combination of all selected
itemns in both lists constitutes selection of a graphic analysis.
Once the user has completed these selections, to initiate
creation and delivery of the designated graphic analysis he
selects the Graph button 1705.

Similarly, FIG. 18 illustrates a design for a window of the
graphic modeling software for identification and user selec-
tion of graphic analyses of the optimizer type. If after
selecting Graph on the menu, in the dropdown list the user
chooses optimizer, his selection causes display of the opti-
mizer graph menu 1801. This window contains a list of the
goals 1802 and two lists of factors labeled respectively
factorl 1803 and factor2 1804. In this menu, the user can
select any item in the goal list, at which the factor lists
change as necessary to list factors associated with the
selected goal and then select any one factor in each of the
two factors lists (but not the same factor on both Iists). The
combination of selected items in all three lists constitutes
selection of a graphic analysis. Once the user has completed
these selections, to initiate creation and delivery of the
designated graphic analysis the user selects the Graph button
1805.

Tt should be noted that choosing goals and factor(s) for
particular graphic analyses is not limited to the illustrated
user interfaces for this choosing discussed in preceding
pages, and can be accomplished without the step of creating
lists of goals and factors from which individual goal/factor
combinations are to be chosen for individual graphic analy-
ses. In another embodiment, the graphic modeling software
and spreadsheet software are integrated and the menu at top
of the integrated product includes a choice for going to
graphic analyses of a plan, and when, with a spreadsheet
pian-model displayed, the user selects this menu choice, a
dialog box 1901 appears in front of the spreadsheet plan-
model as shown in FIG. 19. The top section of the dialog box
1902 offers alternatives for graphic analysis type, including
prioritizer and optimizer. In the illustration. the user has
selected optimizer 1903. In the lower section 1904 of the
dialog box are text boxes for choosing goal and factor(s) for
a particular graphic analysis of the selected type and indi-
cating a name for each chosen goal and factor. These text
boxes are laid out in two columns: a left column 1905 for
choosing goal and factor(s) and a right column 1906 for
designating a name for each goal and factor. In the left
column 1905, in each textbox. the user indicates the appro-
priate plan-model cell containing the value of an output that
is to be the goal or of an input that is to be a factor, either
by typing that cell (such as B2) in the text box or, with the
typing cursor located in the text box, pointing to the cell in
the plan-model and clicking. In any text box for a goal or
factor name, in the right text box column 1906 of the dialog
box, the user may indicate a plan-model cell containing the
appropriate name, in either of these ways, or alternatively
type the desired name directly in the text box. When the
dialog box indicates the graphic analysis type. goal, factor
(s). and goal and factor mames that the user desires, to
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proceed to development and display of the designated
graphic analysis the user selects the OK button 1907.

In this embodiment, the lower section of the dialog box
changes in response to user change of the upper section’s
selection of graph type. In the example illustrated in FIG. 19,
in which the user has selected optimizer graphic analysis
type. the lower section of the dialog box provides text boxes
for choosing a factorl and a factor2, which are the appro-
priate factor choices for an optimizer graphic analysis. These
factor choice options correspond to the factor choices illus-
trated in the preceding FIG. 18, which illustrates a menu-
lists window customized for choosing goal and factors for an
optimizer graphic analysis. In fact, the graphic analysis
chosen in the dialog box in FIG. 19 is exactly the same as
that chosen from the menu lists system in FIG. 18. If instead
in the upper section of the dialog box the user changes the
selection of graphic analysis type to prioritizer, the lower
section of the dialog box changes to enable the user to
choose as many factors as he desires, corresponding to the
menu lists window customized for prioritizer graphic analy-
ses illustrated in FIG. 17, which enables choosing any
number or combination of the listed factors. In the dialog
box in FIG. 19, when the selected graphic analysis type is
prioritizer, the user can obtain more text box rows to choose
more factors, either by resizing the dialog box vertically to
make it “taller,” or by scrolling down to more text box rows
using a displayed scrollbar.

After the goal and factor(s) are selected by the user,
analytic graph lines or curves can be created and displayed.
The graph lines show the mathematical relationships involv-
ing a goal and one or more factors singly or in combination.
The graphs represent a vast number of “what-ifs” on a single
display, with the graph line points representing data or
values above and below the plan data entered (e.g., via
spreadsheet) by the user. To accomplish this the graphic
meodeling software 112 manipulates the plan data or values
in order to create and display the graph lines illustrating
relationships between a designated goal and one or more
factors.

FIG. 20 shows an example of a prioritizer graph. This
particular graph is a graphic analysis developed from the
condominium-investment plan-model entered in the spread-
sheet as shown in FIG. 7, specifically the graphic apalysis
chosen by the combination of prioritizer graph menu selec-
tions shown in FIG. 17.

For prioritizer graphs, as illustrated by the example in
FIG. 20, the vertical axis is a scale for measuring or
identifying goal data or values. This axis measures goal data
for which the user selected a graphic analysis in the goals list
of the prioritizer graph menu. In the graph shown in FIG. 20,
it measures goal data for rate of return as was selected from
the goals list in the menu of FIG. 17.

The horizontal axis is a scale of potential deviations from
plan data for factors. At or near the center of the horizontal
axis is a zero-deviation point, meaning plan data entered in
the plan-model. To the right is a scale of higher-than-plan
data, and to left a scale of lower-than-plan data. This scale
is measured in a common-denominator measure of devia-
tions from plan data that can apply to any factor, in this
example percent deviation from plan data. In the graph
example shown in FIG. 20, the scale runs from 30% below
plan (—30%) at the left of the graph, to 30% above plan
(+30%) at the right of the graph.

The dot near the center of the graph represents the plan
data entered in the plan-model. This plan-data dot is directly
above the zero-deviation-from-plan position along the
horizontal-axis scale. This means that all factors are at plan
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data or values. The height of the plan-data dot along the
y-axis represents plan data for the goal, as shown in the
entered plan-model. In the graph shown in FIG. 20, the
height of this graph point represents the rate of return for the
condominium plan according to the entered plan data, in this
case 23.48% as was shown in the spreadsheet entry of the
plan-model in FIG. 7.

Each graph line shows the relationship of the goal to one
factor, with each particular factor identified by the label at
that graph line’s right end. There is a graph line for each
factor selected from the factors list of the prioritizer graph
menu on which the user selected this graphic analysis,
shown in FIG. 17. On the menu in FIG. 17, the user selected
four factors—price, financed percent, interest rate, and rent
% plan. The graph in FIG. 20 delivers a graph line for each
of these four factors.

The user will observe that the graph lines for the various
factors all pass through the plan data “dot.” All graph lines
start at the plan data point and extend to the right and left
from this graph point to show effects on the goal of positive
(to right) and negative (to left) deviations of their factors
from plan data.

In subsequent text, interactive use of the graphs are
described, including illustrations of moving to various par-
ticular deviations from plan data and reading goal values of
data for such what-if possibilities. At this point, a summary
of the procedure for reading individual what-if possibilities
is outlined. To read the effect on the goal of any particular
deviation from plan data of any of the factors, the user
proceeds from horizontal axis up to the graph line and then
left to the vertical axis. For example, to find the goal result
for a deviation from plan data for price 10% above plan, the
user proceeds along the horizontal axis scale of percent
deviations from plan data to the graph point of the hypoth-
esized amount of factor deviation, in this case +10%. From
that horizontal-axis graph position, the user goes vertically
up to the graph line of the deviating factor, in this case price,
to intersect this at the graph point for the hypothesized
deviation from plan data. From that graph point, the user
moves horizontally left to the vertical axis scale to read the
corresponding goal value. The vertical-axis goal value or
data for this rate of return goal is somewhat greater than
20%.

From the foregoing, it is seen that each graph line is a
continuum of possibilities, in which every dot along the line
is a what-if possibility associated with the plan-model. Each
dot along the graph line is defined on the graph in terms of
factor deviation (the position directly below along the hori-
zontal axis scale) and in terms of the goal result (the position
straight left along the vertical axis scale). For example, in
FIG. 20, the price graph line shows price deviation and rate
of return result for price 30% below plan, price 29% below
plan, price 28% below plan, etc. With just a single graph
line, the graph shows many possibilities; and multiple graph
lines multiply the numbers of possibilities shown on a single
graph of this type.

Each graph line is the mathematical relationship between
afactor and a goal, delivered graphically. As has been noted,
typically these relationships are not entered or displayed at
any place in the entire entered plan, yet the graphic analysis
of the invention determines these relationships, and delivers
them in a visual manner in which typical business users can
understand them. ’

By determining and displaying these factor-goal
relationships, and especially determining and displaying
them for multiple factors in a single graphic analysis, the
invention develops and delivers fundamental information on
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the economic-mathematical structure of the world of what-if
possibilities for the plan-model relative to a particular goal.
Conceptually, the plan data in the entered plan-model is just
one dot in a world of possibilities, in which any factor can
deviate from plan data and change results for the goal
according to the economic-mathematical factors-goal struc-
ture of the plan. The prioritizer graph develops, and delivers
within the two dimensions of the computer display, funda-
mental information on the economic-mathematical stfucture
of the world of possibilities for the plan.

The slopes of the graph lines developed and displayed by
the prioritizer graph provide information on relative priori-
ties or leverages of various factors in effect on the plan-
model goal. For given factor deviations as measured by the
horizontal axis scale, factors with steeper graph lines have
more effect on results for the goal. For example, the graph
in FIG. 20 shows that for the condominium plan, relative to
percent deviations in price and financed percent affect the
return on investment goal far more than interest rate. From
this graph, a user can quickly notice that a change of 5% in
financed percent will affect rate of return more than a change
of 20% in interest rate. Such information can be of great
value in negotiations, such as the condominium investment
and financing, and in focusing management attention on the
factors that matter most to the goals.

The graphs deliver information on alternative ways to
achieve various higher results for goals. For example, the
plan-model for the condominium has a rate of return of
about 23%, as represented by the plan dot at center of the
FIG. 20 graph, which reflects the plan data as entered in the
spreadsheet. However, assume that a rate of return of 25%
is required. The graphic analysis has developed and deliv-
ered information on ways this higher goal could be met,
namely, the points at which various graph lines rise above
the height of 25% on the vertical axis scale. In this example,
the higher goal can be met by price 5% below the entered
plan data, or financed percent 4% above plan data, or rent
12% above plan data.

Similarly, the graphs convey information on deviations
from plan data that would cause goal results to fall below
values that users may consider thresholds of unacceptability.
For example, certain condominium investors may consider
the plan data goal of about 23% rate of return acceptable, but
consider anything below 20% unacceptable. In producing
the graph shown in FIG. 20, information is developed and
delivered on what-if possibilities that would drive rate of
return below that minimum, which the users can see by
noting where various graph lines drop below the 20% level

~on the vertical axis, namely, rent 26% below entered plan

data, or financed percent 13% below plan data, or price 12%
above plan data.

FIG. 21 shows an example of the second type of graphic
analysis created and delivered by the invention, which are
the optimizer graphs. This particular graph is also a graphic
analysis developed from the condominium plan-model
entered in the spreadsheet as shown in FIG. 7, specifically
the graphic analysis chosen by the combination of optimizer
graph menu selections shown in FIG. 18.

The optimizer graph design has a purpose complementary
to that of the prioritizer graph design. Through a prioritizer
graph, the invention develops and delivers information on
effects on the goal of ranges of possibilities for each of any
number of factors. That type of graphic analysis provides,
among other things, information on which of many factors
affect the selected goal the most and deserve priority atten-
tion. But the prioritizer analysis does not always provide
precise information on combined effects of changes in
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interrelated pairs of factors. After receiving from a priori-
tizer graph information on which factors affect the goal the
most, a user will logically want information on how the goal
is affected if two important factors both deviate from plan.
This is accomplished by the optimizer graphic analyses.

In the prioritizer graph that was shown in FIG. 20 for the
condominium plan, the two factors to which rate of return is
most sensitive are price and financed percent. Consequently,
a user might logically want to see a graphic analysis showing
effect on this goal for various combinations of what-if
possibilities for data or values above and below plan data for
both price and financed percent. The selections shown in the
optimizer graph menu in FIG. 18 represent a request for such
a graphic analysis. and the optimizer graph shown in FIG. 21
provides an example of the delivery of such an analysis.

In optimizer graphic analyses, as illustrated by the
example in FIG. 21, the vertical axis is like that of a
prioritizer graph—a scale for measuring the resulting data
for the output goal. This axis measures resulting value for
the goal for which the user selected a graphic analysis in the
goals list of the optimizer graph menu. In the graphic
analysis shown in FIG. 21, it measures goal data for rate of
return as was selected in the goals list in the graph menu of
FIG. 18.

In optimizer graphs, however. the horizontal axis and the
various graph lines are defined for a different body of
information than that in prioritizer graphs. An optimizer
graph focuses on effects on the goal of only two factors, for
which it shows effects of various combinations of values
above or below plan data for both factors. In an optimizer
graph, the horizontal axis is a scale of value possibilities for
only one factor. Rather than showing a common-
denominator scale such as percent deviation as in a priori-
tizer graph, an optimizer graph’s horizontal axis scale is in
the value units of the one factor for which it represents a
scale of possible values. Specifically, the horizontal axis is
a scale of values above and below plan data for the factor the
user selected as factorl in the optimizer graph menu. In the
optimizer graph menu shown in FIG. 18, the user selected
price in the factorl list. In the resulting optimizer graphic
analysis as shown in FIG. 21, the horizontal axis is a scale
of possibilities for values above and below plan data for the
price factor. In the spreadsheet plan-model, the value of
price (in $000) is 200, and the scale runs from 180 to 220.

In an optimizer graphic analysis, the graph lines are a set,
each representing a different value possibility for the other
factor the user selected for the analysis, as factor2 in the
optimizer graph menu. In the optimizer graph menu shown
in FIG. 18, the user selection for factor2 is “financed
percent.” In the resulting optimizer graphic analysis. the set
of graph lines represents various what-if possibilities for
financed percent above or below the plan data, as indicated
in the labeling of the graph lines at their right end in FIG. 21.
For the plan data entered in the spreadsheet, in FIG. 7, the
value of financed percent is 80 and the graphic analysis
shows graph lines for a range of values below and above this
value, from 70 to 90.

In an optimizer graphic analysis. each graph line repre-
sents the various value combinations and relationship of
factorl (on the horizontal axis) and the goal (on the vertical
axis), at the value of factor2 represented by the labeling at
that line’s right end.

As in a prioritizer graphic analysis, a dot is shown for the
plan data contained in the user entry of the plan-model. In
FIG. 21, the dot tepresents the plan data as entered in the
spreadsheet in FIG. 10, namely: price of 200, financed
percent of 80, and resulting rate of return of 23.48%.
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To read any possibility for combined values above or
below the plan data for the two factors, the user goes to the
point that is above the hypothesized value for factorl and on
the line of the hypothesized value of factor2. which is the
graph point representing the hypothesized combination of
values for the two factors. From that point, the user moves
horizontally to the left to the vertical axis to read the goal
result for that combination of factor values.

Compared to a prioritizer graphic analysis, an optimizer
analysis provides the user information on even more possi-
bilities. In the optimizer format, as in the prioritizer format.
each graph line is a continuum of many possibilities, such as
price=180, price=181, and so on. The scale for factor2 is also
a continuum, of which the graph lines represent intervals, so
in addition to all the graph points along all the graph lines,
all the points between the graph lines also represent addi-
tional possibilities. On a prioritizer graphic analysis, the user
can “read between the lines.” For example, in FIG. 21, the
user can read any combination of any price together with
financed percent of 89, even though there is no graph line for
financed percent of 89. by going to a point about halfway
between the 88 and 90 financed percent graph lines.

With regard to creating the graphs, the graphic modeling
software is used in determining the graph points and the
ranges as well as the appropriate increments for the graph
axes. In particular, the graphic modeling software finds the
graph point representing the plan data. For the prioritizer
graph, the graphic modeling software obtains the value of
the selected goal from the entered plan data for this goal. For
the optimizer graph, the graphic modeling software obtains
values for the two selected factors and the one selected goal
using the entered plan data for these factors and goal. In the
described embodiment of the invention, the graphic model-
ing software obtains these values from the plan data entered
in the spreadsheet using DDE or OLE to obtain the required
values from the appropriate spreadsheet as specified in the
linking information provided in the SpredLink window or
other means as described previously.

In determining graph axes ranges and increments, the
graphic modeling software uses the factor and goal plan data
from the plan-model as a starting point to establish the
low-to-high range for the axes. Specifically, the graphic
modeling software 112 determines, for each graphic
analysis, ranges and increments for the factors and goals for
the particular plan-model, above and below the plan-point or
plan data defined in the plan-model. Graph axes are also
obtained that reflect these ranges and increments. The
graphic modeling software 112 also determines related fac-
tor and goal data across the determined factor ranges, above
and below the plan-model’s plan-point, for graph lines
reflecting what-if possibilities and underlying factor-goal
relationships. From this, graph lines containing such infor-
mation are displayed according to the determined axes.
These basic steps are now discussed in more detail.

For determining, from an entered plan-model, (a) particu-
lar goals’ relationships to particular factors and (b) particular
goals’ values at particular values of particular factors, in one
embodiment, the graphic modeling software derives direct
goal-factor formulas or equations, each directly relating a
particular goal to one particular factor (or a few particular
factors). For example, if the graphic analysis is to provide
information on the relationship of the condominium plan’s
“rate of return” goal to the “price” factor, an equation is
derived that determines rate of return as a direct function of
price, with no other variables. Such an equation is then itself
a mathematical expression of the goal-factor relationship to
be shown graphically. This goal-factor relationship is trans-
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lated from an equation or formula to a graph line. To
determine the goal value for any particular factor value, with
such a derived equation, the graphic modeling software
enters the factor data and solves the equation for the goal
data or value. More particularly, the graphic modeling
software 112 takes the spreadsheet plan-model data (e.g.,
from FIG. 7) and varies the factor data for the plan-model to
generate variant goal data, which deviates from plan data.
The magnitude of the deviation may be expressed as an
amount or a percentage. For example, for a selected factor,
each variant data may differ from the plan data by a value
of0.01 or by one percent. From this factor variant data, goal
variant data is calculated using an expression derived from
plan-model formulas associated with the electronic spread-
sheet software 108. The graphic modeling software 112 uses
the processor 104 and memory 116 to generate factor variant
data and goal variant data, such as by determining a few
graph points and then creating continuous graph points
between these determined graph points by means of deter-
mined line segments. Based on these determinations, the
graphic modeling software 112 is able to generate the graph
lines for the selected graph by displaying the selected goal
as a function of the selected factor(s) using the calculated
variant data for both the goal and the factor(s).

In user entry of plan-models, even in formats other than
spreadsheets, it is common to not enter direct goal-factor
formulas or equations, but rather to enter chains of relatively
simple formulas or equations which represent little steps that
cumulatively proceed from factors to goals. So the relation-
ship between a goal and a factor is not expressed directly, but
implied in chains and sets of formulas or equations, each
referring to formulas or equations in other cells in the chains
and sets. As has been previously noted, this practice is
encouraged by the nature of spreadsheets and is standardly
prevalent in spreadsheet plan-models.

However, the invention has the capability to trace rela-
tionships through such spreadsheet-formula chains of
formulas, to derive a direct single formula or equation
relating any selected goal to any selected factor. The fol-
lowing summarizes major steps in an exemplary process
through which the graphic modeling software 112 (a)
derives such a direct goal-factor formula from chains of
formulas in a spreadsheet plan-model, and then (b) uses the
derived direct goal-factor equation to develop and deliver a
graph line depicting the goal-factor relationship.

In particular, first the goal and factor to be related are
determined, and then the derivation of a formula directly
relating the goal to the factor is accomplished. To accom-
plish this, the first step is to use the spreadsheet audit feature
to obtain a list of all cells dependent on the factor’s value,
specifying for each such cell both cell address (such as B2)
and entered content (such as a formula). FIG. 22 illustrates
an example of this step, using the Lotus 1-2-3® spreadsheet
software’s audit feature to obtain a list of all dependent cells
for the price cell in the condominium plan. The factor cell
for which dependents are sought, in this example the price
cell 2201 (C11) is selected. Then the audit feature is selected
via the spreadsheet software menu. In the audit box 2202, a
request is indicated for cell dependents 2203 to be listed in
a spreadsheet column starting at cell 2204 (E2). In response,
in columin E, the spreadsheet displays a list 2205 specifying
cell address and entered contents for every cell in the
plan-model that is affected by the value in price cell 2201
(C11).

The graphic modeling software 112 can command the
spreadsheet to do what is shown in FIG. 22, and can then
read and manipulate the list, using DDE or OLE. With this

10

15

20

25

30

35

45

50

55

65

26

list, together with obtaining of the formula entered in the
spreadsheet cell of the goal for which the formula is to be
derived, in this example the “rate of return” cell (C6), the
graphic modeling software can derive the desired formula.
That is, for each reference contained in the formula for the
goal, the graphic modeling software does the following: if
the reference is simply the factor’s cell, for that reference it
substitutes X, representing the factor as a variable; if the
reference is not in the factor’s cell dependents list, for that
reference it substitutes the referenced cell’s value; and if the
reference is in the factor’s cell dependents list but is not
simply the factor’s cell, in which case it must be a formula,
it repeats the above procedure for that referenced formula.
Completion of this process, for the goal cell and for each
formula that is referenced by the goal formula or any chain
of reference therefrom, results in converting the equation or
formula for the goal into a form in which every reference to
any other cell is either (2) an X, representing the factor to
which the goal is to be related, or (b) a value, representing
plan data unrelated to the factor. In other words, the result of
the process is an equation that expresses the goal directly in
terms of the factor, with no other variables. For any indi-
vidual value of the factor, the graphic modeling software
uses this equation to determine goal data by substitution and
solution.

¥ the plan-model is contained in a software product that
has the capability to calculate goal data for any particular
defined set of factor data, as for example a spreadsheet does,
the graphic modeling software 112 is able to develop and
deliver the graphic analyses without deriving direct goal-
factor equations as just described. This embodiment is
illustrated in FIG. 23, in which two rectangles represent the
roles in the graphic analysis development and delivery
process of the graphic modeling software 112 and the
spreadsheet software 108. The graphic modeling software
proceeds to the point at which it has determined factor data
for which it requires goal data for development of a graphic
analysis. Then for the goal calculation step, for each set of
factor data in translating all the selected factor data into the
graphic analysis, the graphic modeling software uses the
spreadsheet as a calculation slave. For each set of factor data
for which goal data is to be determined, the graphic mod-
eling software enters that set of factor data in the spreadsheet
plan-model, and then reads the calculator’s (spreadsheet’s)
automatically recalculated display of resulting goal data.
Then the graphic modeling software continues to complete
development and delivery of the graphic analysis.

Use of the graphic modeling software 112 to determine
appropriate factor ranges and factor-axis increments is next
described, with reference to the prioritizer graph. First, a
common-denominator measure of value variations from
plan data that is applicable to all factors is selected (such as
percent deviation). Then, a range and axis-label increment
for such variations is found. Subsequently, an axis reflecting
these determinations is displayed, as exemplified by the
horizontal axis in the prioritizer graphic analysis example
shown in FIG. 20. For an optimizer analysis, plan data for
factorl and factor2 are obtained from the plan-model; for
factorl, based on its value of the plan data, an appropriate
combination of range and axis increment is determined; a
horizontal axis for factorl is developed and displayed
reflecting these determinations, as exemplified by the hori-
zontal price axis in the optimizer graphic-analysis example
shown in FIG. 21. A preliminary determination is made of
the range of factor2 values for which graph lines will
subsequently be developed and displayed, as exemplified by
the range of 70 to 90 for the financed percent graph lines in
the optimizer graphic analysis example in FIG. 21.
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The graphic modeling software then develops ranges,
increments, and axes for goals. Factor values or data are
selected for exploring ranges of resulting goal values. Each
factor value is inserted into the spreadsheet plan-model or
derived equation, and the resulting goal data for each
insertion is stored in the memory 116. Based on the goal
values obtained from these calculations, an appropriate
combination of range and increment for the goal axis is
determined. In a preferred embodiment of the invention, this
determination is not made simply to cover the entire range
of goal values for all of the factor ranges. In the invention’s
graphic analyses. it often occurs that some factor values
result in goal values of a far wider range while most factor
values produce goal values in a much narrower range. The
determination of goal range and increment is based on
selecting an appropriate balance between (a) displaying goal
results for all or most factor values in the graphic analysis
and (b) displaying goal values for most factor values with
greatest clarity. For example, in the prioritizer analysis
shown in FIG. 20, the vertical goal axis range selection
sacrificed showing results for extreme positive deviations
for the “percent financed” factor in order to show more
clearly smaller variations of goal value from plan data for
other variations of all factors.

For the optimizer graph, an increment for factor2 is
determined (and if appropriate, range adjusted modestly to
correspond to the increment) to provide the fullest set of
graph lines consistent with their representing values that can
be labeled with highest clarity.

For development and display of the graph lines, the
graphic modeling software determines one more kind of
incrementing. For each graph line, the horizontal axis values
are determined and graph points defined and connected
using well-known and conventional vector-graphic straight
line segments. In doing this, in one embodiment, the pixel
resolution of the computer display and the fraction of the
display used for the graph range are found. A horizontal-axis
factor increment is then used which is equivalent to one
horizontal computer-displayed pixel increment.

For typical graphic analyses of typical business plans,
most graph lines are straight, with no discontinuities. The
graphic modeling software can develop and deliver such a
graph line from only two graph points. For typical graphic
analyses of typical business plans. most graph lines that are
not straight lines are smooth curves with no discontinuities.
The graphic modeling software can develop and deliver
virtually any business-plan continuous curve from 10 to 20
graph points. The characteristics of a graph line that may
require additional graph points are extreme curves, and
graph lines with discontinuities, such as caused by sudden
jumps in fixed costs as volumes rise or in tax rates as profits
tise.

To detect these characteristics of goal-factor relationships,
steps taken include the following:

(a) an analysis of the plan-model. to detect formula
characteristics causing goal-factor curves, such as the
factor being a denominator in the equation for the goal,
and formula characteristics likely to cause goal-factor
discontinuities. such as IF functions in the goal-factor
equation;

(b) exploration of the graph line, through determination of
selected graph points to test for straightness or curve
pattern or existence of discontinuity; and

(c) users are able to make entries indicating the nature of
graph lines including indications of straight or curved
and no or yes for discontinuities and, if yes, whatever
information the user can provide to enhance the graphic
modeling software’s pinpointing of the discontinuities.
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To complete this characterization of the goal-factor rela-
tionship to be depicted by a graph line, the graphic modeling
software determines an appropriate set of horizontal-axis
factor values for a set of graph points enabling efficient
development and delivery of the graph line. For a straight
line, the invention can develop and deliver the graph line by
determining two graph points at left and right extremes of
the graph area. For a continuous curve, the graph line is
developed and delivered by determining a small number of
graph points, typically at regular horizontal-factor incre-
ments across the graph area. For any discontinuity in the
relationship between the goal and the horizontal axis factor,
additional graph points are required at values of that factor
immediately below and above its value at the discontinuity.

Once the ranges and increments have been determined for
the axes, the graphic modeling software is used to develop
and deliver the graph lines to complete the graphic analysis
through a calculation-and-display process.

In the embodiment of the invention described herein, in
which the plan-model is entered in a spreadsheet, the graphic
modeling software uses the spreadsheet as a calculator as
diagrammed in FIG. 23. The graphic modeling software
develops and delivers a graph line by, for each successive
factor data across the horizontal range, entering the factor
data in the spreadsheet plan-model, reading the resulting
goal data calculated by the spreadsheet, and combining the
factor and goal data to define a graph point. That graph point
is displayed and a graph line segment to it from the preced-
ing graph point.

For a prioritizer graph analysis, the embodiment of the
invention develops and delivers a graph line for one factor,
such as the graph line for “price” in the pribritizer analysis
shown in FIG. 20, to the left, and then to the right. from the
planpoint. This process is repeated for each other factor’s
graph line. For an optimizer graph analysis, for the first
graph line (such as the graph line for financed percent of 70
in the optimizer analysis of FIG. 21), the graphic modeling
software enters, in the spreadsheet plan-model, the factor2
value for that graph line and then, to complete development
and delivery of that graph line, for each of the appropriate
factor]l increments, the graphic modeling software enters the
appropriate factorl value in the spreadsheet plan-model.
After this, the graphic modeling software reads the resulting
recalculated goal data or value from the plan-model, com-
bines the factor]l and goal values to determine a graph point,
and then causes the computer display to show a line segment
to that graph point from the preceding graph point. Then for
each additional graph line in the optimizer amalysis, the
graphic modeling software repeats this procedure, starting
with entry in the spreadsheet plan-model of the factor2 value
for that graph line.

The invention’s graphic analyses are not limited to those
exemplified by FIGS. 20 and 21 and the preceding descrip-
tions of them. The invention can develop and deliver graphic
analyses for any ranges, increments. and axes, can develop
and deliver graphic analyses of types other than the priori-
tizer and optimizer types illustrated herein, and can simul-
taneously develop and deliver multiple graphic analyses
either separated or combined.

As has been described, the invention has the capability to
antomatically determine, for each individual graphic analy-
sis of each plan-model, ranges, increments, and axes. The
invention also includes the capabilities by which users can
change any or all of these characteristics for any graphic
analysis, and by which users can adjust the invention’s
general system for its initial determination of these items in
its initial development and delivery of graphic analyses.
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A design for implementing this capability is shown in
FIG. 24. In the embodiment of the invention illustrated,
whenever a graph analysis is delivered, above the graphic
analysis, a row of icon-buttons 2401 appears across the
display. With a prioritizer graph analysis displayed, when
the user selects the Scales icon-button 2402 at the left end of
the icon-buttons row, a Scales prioritizer graphs window
2403 appears, containing tables in which the user can change
values of ranges and increments for the graphic analysis
axes.

In the table shown at upper left 2404 in this window, the
user can change range and increment for the horizontal axis
used for all factors in a prioritizer graph analysis. This
table’s first box 2405, labeled MinMax, and now containing
30, determines the prioritizer graphic analysis horizontal
percent deviation range for factors, above and below plan. In
the initial development and delivery of the prioritizer
graphic analysis shown in FIG. 20, the horizontal axis range
is =30 to +30 as determined by the 30 now in this box 2405.
The user can change the number in this box from 30 to
another number, after which new development and delivery
of the graphic analysis will be carried out according to the
newly entered range. For example, if the user changes the 30
to 15, a new development and delivery of the prioritizer
analysis will extend across a horizontal axis percent devia-
tion range of —15 to +15.

In FIG. 24, the upper-left table’s second box 2406, labeled
Grid, and now containing 10, determines the increment for
the horizontal-axis scale labels and grid lines (vertical lines
corresponding to horizontal-axis scale labels). In the priori-
tizer graph analysis shown in FIG. 20, the 10 in this box
guided the system to produce horizontal axis scale labels and
vertical gridlines at intervals of 10 to right and left of plan
along the horizontal axis—at +10, 420, and +30 to right, and
—10, =20, and -30 to left. If after changing MinMax to 15,
the user changes the 10 in the Grid box 2406 to 3, then new
development and delivery of the graphic analysis will have
horizontal-axis scale labels and vertical grid lines at inter-
vals of 3, from plan out to the right and left extremes.
Starting at 0 for plan, there will be scale labels and vertical
grid lines at +3 , 46, +9, +12 and +15 to right, and -3, -6,
-9, —12 and —15 to left.

The Scales prioritizer graph window in FIG. 24 also
shows a second similar table for user change of ranges and
increments for the vertical goal axis of the prioritizer graph.
In this table there is a row for each goal in the plan-model.
specifying that goal’s name, and also specifying the goal’s
plan data to help the user make sure his settings for goal axis
range encompass the plan-point. In each goal’s row. there
are boxes labeled Min 2408 and Max 2409 for changing the
axis-range and Grid 2410 for changing the grid increment.
The prioritizer graph analysis shown in FIG. 20, in which the
goal is rate of return, the goal axis reflects the setting
numbers now shown in the rate of return row 2411 of the
table: from 15 to 35 in grid increments of 5. If the user
changes these settings to 20, 30, and 2 respectively, new
development and delivery of the graphic analysis will have
a vertical goal axis from 20 to 30 in grid increments of 2.

FIG. 25 provides an illustration of the ability to develop
and deliver prioritizer analyses according to ranges and
increments specified by the user. This figure shows the same
prioritizer graphic analysis as FIG. 20, changed to reflect all
changes of ranges and scale-and-grid increments for both
axes mentioned in the preceding two paragraphs. The hori-
zontal factor pércent deviation axis extends from —15 to +15
with scale labels and vertical grid increments above and
below plan at increments of 3, and the vertical rate of return
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goal axis extends from 20 to 30 with scale labels and grid
increments of 2. The graph lines have been developed and
delivered anew for these new ranges.

FIG. 26 shows a window for user change of ranges and
increments for axes of optimizer graph analyses, analogous
to that for prioritizer graph analyses shown in FIG. 24. In
this embodiment of the invention, whenever an optimizer
graph analysis is displayed. user selection of the Scales
icon-button causes display of this window. In the upper table
2602 of this window, for changing ranges and increments for
factors, there is a row for each factor in the plan-model
showing factor name, and also the factor’s plan data to help
the user set ranges that encompass the factor plan data. For
each factor, there are Min 2603 and Max 2604 boxes to
define factor range; an Xgrid box 2605 to define the scale
labels and a grid increment used for the horizontal axis when
that factor is factorl, and a Zstep box 2606 defining the
increment between adjacent graph lines when that factor is
factor2. In the optimizer graph analysis shown in FIG. 21,
ranges and increments reflect settings shown in this table.
The horizontal price axis has range of 180 to 220 with
increments of 10, as specified in the table’s price row 2607
for Min, Max, and Xstep. And the financed percent graph
line set has range of 70 to 90 at intervals of 2, as specified
in the table’s financed percent row 2608 for Min, Max, and
Zstep.

I in this table the user changes the number in the financed
percent row’s Zstep box 2609 from 2 to 4, to make the graph
lines a little further apart and thus improve legibility of their
value labels, new development and delivery of the same
graphic analysis will appear as shown in FIG. 27. This
optimizer analysis is identical to that in FIG. 21 except that
the interval 2701 from one graph line to the next has been
changed from 2 to 4.

The window for user change of optimizer ranges and
increments also has a lower table 2610 for changing range
and increment of the vertical goal axis, which works like the
goal-axis table for prioritizer analyses described previously.

In the described embodiment of the invention, the user
can save on disk his changes in range and increment seftings.
When he saves a graphic modeling software file, which as
described previously is plan-model specific and includes all
current information for the plan-model linking, the file also
can include the user’s current settings for graphic analysis
ranges and increments. After such a file-save, in future use
of the graphic modeling software, the user can establish all
information on both linking and range-and-increment set-
tings that was current at time of file save by simply opening
the file in which it was saved.

More fundamentally, the invention includes capabilities
for specifying and changing ranges of individual graph lines
in any graphic analysis. While changing axis range alters
only the ranges over which graphic analysis information is
developed and delivered, specifying or changing ranges of
individual graph lines makes the graphic analyses develop
and deliver fundamental additional information.

To provide an example, consider the condominium plan’s
prioritizer analysis introduced in FIG. 20. Assume that the
users considering the condominium investment think that
the rent and interest rate factors could well vary from plan
by as much as 30% above or below plan, across the full
range of the horizontal factor deviation axis -but they are
sure price cannot be below 180 ($000), which is below plan
by only 10%; and that financed percent cannot be above 90
(%), which is above plan by only 12.5%. The invention
includes systems and methods to make the graphic analyses
reflect these factor range limits.
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FIG. 28 shows an example of a prioritizer graph analysis
developed and delivered by the embodiment of the invention
with such information on factor range limits. This graphic
analysis is identical to the first prioritizer graphic analysis of
the condominium example, introduced earlier in FIG. 20,
except that ranges of individual graph lines are revised to
reflect the user judgments of variation limits of individual

factors as described just above. Specifically, the graph line -

for price extends below plan only to —10 percent 2801, and
the financed percent graph line extends above plan only to
+12.5 percent 2802. A comparison of this graphic analysis
with that in FIG. 20 shows the advantages of analysis with
such factor-by-factor ranges: it not only contains and deliv-
ers additional information on the factor-range limits, but also
shows to any observer that while the price and financed
percent graph lines are the steepest, the limits on their
favorable deviations from plan mean that variation of either
one cannot raise the rate of return goal above the high-
twenties.

In the embodiment of the invention being described, an
example of a graphic modeling software user interface
window for indicating such factor range limits is shown in
FIG. 29. In the LineRange prioritizer graphs window 2901
in this illustration, a list of all factors in the plan-model is
displayed, with two boxes beside each factor labeled Min
2902 and Max 2903 in which the user can enter numbers for
lower and upper limits. This window shows user entries for
the limits described above: for price, Min 2904 is 180; and
for financed percent, Max 2905 is 90. With these entries
made, new development and delivery of the prioritizer
graphic analysis will show the graph lines for these factors
ending at these limits as shown in FIG. 28.

With respect to optimizer graphic analyses, a graphic
modeling software user interface for specifying graph line
range limits is shown in FIG. 30, for the optimizer analysis
shown earlier in FIG. 27 (which is like the optimizer
analysis first introduced in FIG. 21 except that the graph
line-set increment is 4 instead of 2). In the LineRanges
optimizer graphs window 3001 in FIG. 30, there is a column
for each graph line, identified in the top row 3002 by the
Fac2 Value that graph line reflects, with two boxes beneath
for user entry of Facl Min 3003 and Facl Max 3004 values
limiting horizontal range for that graph line. In the example
shown in FIG. 30, there are user entries only for the Max
ends of the graph lines. The invention’s graphic analyses can
reflect these limits by ending the graph lines at their respec-
tive Max limits. in the same manner as shown in the
prioritizer analysis in FIG. 28. Or, in an optimizer analysis,
in which the limits represent the upper (or lower) limits of
factorl at a sequence of values of factor2, a set of upper or
lower limits can be delivered in the graphic analysis as a
limit line, as shown in the optimizer analysis in FIG. 31 by
the curved line reflecting the Max limits entered in FIG. 30.

In an optimizer graphic analysis. a set of upper or lower
limits for a set of graph lines represents a limit of factorl as
affected by the value of factor2, as the limit line in FIG. 31
suggests. Such a set of limits are commonly points along a
line that is straight or a curve or other pattern that can be
expressed or approximated by an algebraic-logical expres-
sion. The invention includes, in addition to the point-by-
point method of specifying such a set of limits shown in FIG.
30, systems and methods for user entry and the invention
system’s graphic-analysis nse of factor limits specified as
algebraic-logical expressions. An example of a user inter-
face window for such factor-limit expressions is shown in
FIG. 32. A window 3201 contains a table with a row 3202
for each factor containing a box 3203 with the factor’s name,
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and a second box 3204 under the column-heading Expres-
sion in which the user can enter algebraic-logical expres-
sions defining that row’s factor in terms of values of one or
more other factors.

The price row of FIG. 32 contains a user-entered expres-
sion 3205 consistent with the set of individual limit points
entered in FIG. 30. From this expression, the invention will
produce the limit line shown in FIG. 31.

By enabling and using in the graphic analyses entries of
limits defined through factor-factor relationship expressions,
as exemplified by FIG. 32, a much more powerful system is
provided for incorporating limits in the graphic analyses. A
single expression can define values for a factor for a full
continuous range of values of another factor. For example,
the expression in FIG. 32 defines a value for price at every
financed-percent point along the curved line in FIG. 31, not
just at points where graph lines intersect this curved line.

Furthermore, such an expression can define the upper or
lower limit of a factor in terms of values of two or more
other factors, or all the other factors in the plan-model. Thus,
by entering one expression for each factor, a user can specify
upper or lower limits for every factor, in every optimizer
graphic analysis of the plan-model. Alternatively. the user is
able to enter several simpler limit expressions for a factor,
for example, on different rows in a table like that in FIG. 32,
each defining a factor’s limit relative to one other factor.

In addition, through the invention’s capability to accept
specification of factor-to-factor relationships expressions as
illustrated in FIG. 32 and use them in its graphic analyses as
illustrated in FIG. 31, the invention can perform graphic
optimizing.

More broadly, the invention is not limited to the two types
of graphic analyses described and illustrated herein as
prioritizer and optimizer graphic analyses. Other graphic
analyses can be developed and delivered with other axis or
scaling systems and other graph lines depicting other rela-
tionships. The limits line shown in FIG. 31, as a depiction of
the factor relationship expression entered in FIG. 32, pro-
vides an illustration of one aspect of the graphic-analysis
universality of the invention. In the prioritizer and optimizer
analyses introduced in FIGS. 20 and 21, every graph line
depicts a relationship, implicit in the plan-model, of a goal
to one or more factors. By contrast, the limits line in FIG. 31
depicts a relationship, related to but not implicit in the
plan-model, between two factors.

Furthermore, the multiple graphic analyses can be simul-
taneously developed and displayed. Each prioritizer or opti-
mizer analysis is itself graphic analyses and comparisons of
several relationships, each across a range above and below
plan data, in a single framework of axes. Beyond this, the
invention can simultaneously develop and deliver multiple
sets of analyses, such as two or more prioritizer and/or
optimizer analyses, superimposed or in separate areas of the
computer display. FIGS. 33 and 34 provide two examples.

In FIG. 33, the graphic modeling software has developed
and delivered prioritizer analyses of two plan-models super-
imposed in the same graph area, delivered according to
common axis scales. The set of graph lines extending right
and left from a first plan-dot 3301 is the analysis of the
condominium plan-model as discussed and illustrated on
prior pages. The set of graph lines extending right and left
from a second plan-dot 3302 is an analysis of another
investment plan-model. In addition to showing for both
plans all the information a prioritizer analysis can produce
for a plan, this kind of superimposed pair of analyses
provides an extensive comparison of the two investment
plans. For example. it shows that while the second invest-
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ment promises a slightly lower rate of return if plan data is
met, its flatter graph lines reveal that across the ranges
shown, factor deviations from plan data will cause smaller
deviations from planned rate of return.

FIG. 34 is an illustration of the graphic modeling software
simultaneously delivering in separate windows two different
graphic analyses of the same plan, the prioritizer graph 3401
and optimizer graph 3402 analyses of the condominium
plan, along with the spreadsheet plan-model 3403 from
which both analyses are developed.

Compared to conventional formats of quantitative infor-
mation on business-financial plan, such as uwbiquitous
spreadshect tables, each of the invention’s graphic analyses
represents development and delivery of a vast amount of
planning and decision-making information and value in
concise visual format. To achieve this result, the information
is developed and delivered in a format that, while clear and
easy toread quickly once fully understood, is rontraditional.
In addition to the systems and methods of the graphic
analysis process described previously, systems and methods
are provided for interactive exploration of each graphic
analysis, which is intended to enable users to learn, see, and
use the information and planning value of the graphic
analyses more quickly, easily and fully.

After developing and delivering a graphic analysis, the
invention enables the user to move to various points or
what-if possibility positions on the graphic analysis, and at
each graph point possibility moved-to, develops and delivers
information on that graph point possibility.

An embodiment of the invention’s fundamental graphic
analysis exploration system is illustrated in FIG. 35. In this
embodiment, in the row of icon-buttons that is displayed
above every graphic analysis there is an icon-button labeled
Move-Read 3501. When the user selects this icon-button, in
the graphic analysis a display appears for user moves to
graph points and a display of information on each point
moved-to, as illustrated in FIG. 35.

The dot that was at the central planpoint is still at that
position 3502, but it is now a user movable graph point, as
will be shown in subsequent illustrations.

From this movable marker, a display of dotted lines and
numbers provides information defining the marker’s current
graph position, both graphically and text-numerically. From
the movable graph point, a vertical line 3503 extends down
to the horizontal factor-deviation axis, providing a graphic
indication of the movable graph point’s position relative to
the factor deviation axis, currently 0. At the bottom end of
this dotted line just below this horizontal axis, a box
(“axismeter”) 3505 containing a number displays in text the
number of this factor deviation axis position. Similarly, from
the movable graph point a horizontal dotted line 3506
extends left to the goal axis, providing a graphic indication
of the movable graph point’s position relative to goal data,
currently about 23 to 24, and at the left end of this dotted line
just to the left of the vertical axis another axismeter 3508
displays in text the number of the current goal-value position
of the movable graph point, i.e., 23.48. This system of dotted
lines and axismeters describes what the current position of
the movable graph point represents: factor at plan data and
resulting goal data of 23.48.

The invention’s methods for user moves on a graphic
analysis and display of information on each graph point
moved to are not limited to the particular symbols and
formats illustrated.

‘When the user selects the Move-Read icon-button, the
user can move the movable graph point to various
horizontal-axis percent deviation positions, along any of the
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graph lines. Under the horizontal factor deviation axis
appears a horizontal scroll bar 3509, through which the user
can move the movable graph point right or left along a graph
line. This scroll bar has a movable button 3510 below the
current position of the movable graph point. The user can
move the movable graph point to the right by selecting this
scroll bar at the right of this movable button. Selecting the
right-arrowbox 3511 at the right end of the scroll bar will
move the movable graph point to the right along a graph line
a small distance. Selecting the scroll bar track to the right of -
its movable button 3512 will move the movable graph point
to the right along a graph line a greater distance. Similarly,
selecting the left-arrow box 3513 at the left end of the scroll
bar will move the movable graph point a small distance to
the left along a graph line. Selecting the scroll bar track at
the left of its movable button 3514 will move the movable
graph point to the left a greater distance along a graph line.

When the user selects the Move-Read icon-button, the
user is also able to select which graph line to move to. At the
right end of each graph line, a small box 3515 appears. When
the user selects the box 3515 for any graph line, the movable
graph point moves to that graph line. Then, as the user
makes selections on the horizontal scroll bar, the graph point
will move along that graph line. When the user selects the
Move-Read icon-button, the initial current graph line is that
of the selected and graphed factor listed first in the user’s list
of factors, which in the current example is price. The graph
line that the user is currently on is indicated by its label 3516
being more prominent than the labels of the other graph
lines.

A horizontal move along the currently selected graph line
price is shown in FIG. 36. The user has selected the
horizontal scroll bar to the right of its movable button in the
track 3601, which constitutes a request to move to the right
a greater distance (compared to selecting the right-arrow
button). In response, the movable graph point moves to a
new position further right 3602 along the price graph line.
The dotted lines and axismeters which indicate graphically
and text-numerically what the movable graph point currently
represents, move and change to describe the new positions.
The vertical dotted line 3603 and its axismeter 3604 show
that the movable graph point now represents a point along
the price graph line at 10 percent deviation. The horizontal
dotted line 3605 and its axismeter 3606 show that the graph
point’s height on the graph, representing resulting goal
value, now representing a 20.46 rate of return.

FIG. 37 shows a further move to the right along the same
graph line caused by the user selecting the horizontal scroil
bar’s right-arrow button 3701. The selection of the scroll bar
track in the preceding FIG. 36 caused a move of 10 percent
deviation, but the selection of the arrow button shown in
FIG. 37 causes a much smaller move of 1, from 10 to 11.
With this move, as with any move of the movable graph
point, the dotted lines and axismeters move and change to
reflect current position. Together with the more-prominent
labeling of the current graph line, the movable graphpoint’s
moved-to current position is identified graphically and text-
numerically, i.e., the factor of price is at percent deviation of
11, and the resulting goal is 20.16.

FIG. 38 shows an example of a user move of the movable
graph point to another graph line. The user has selected the
small box 3801 at the right end of the rent graph line. In
response, without changing the movable graph point’s hori-
zontal position, the graph point is moved to the user-selected
rent graph line 3802. Again, dotted lines and axismeters
move and change as appropriate to provide information on
what the graph point now represents at the moved-to posi-
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tion. In FIG. 38 it shows that the position moved-to, rent
above plan by 11 percent, has a corresponding rate of return
goal value of 24.99.

Graphic analysis exploration, as described above, is avail-
able for every graphic analysis developed and delivered.
While the preceding figures illustrate these exploration
systems using a prioritizer graph, FIG. 39 illustrates this
capability for an optimizer graph. On this graphic analysis,
selection of the Move-Read icon-button 3901 causes appear-
ance of a movable graph point 3902. A horizontal scroll bar
3903, with which the user has moved the graph point along
the horizontal factor1 price axis is also shown. A set of small
boxes 3904 at right ends of the graph lines is provided
through which the user has moved the graph point to a
factor2 data different from plan data. A more prominent
line-labeling is shown to indicate the factor2 financed per-
cent value or data 3905 of the moved to graph line. A vertical
dotted line and horizontal-axismeter 3906 show graphically
and text-numerically the moved to price data. A horizontal
dotted line and vertical-axismeter 3907 show graphically
and text-numerically the resulting goal vatue of the moved
to graph point.

To develop and deliver goal data for each factor data the
user moves to on any graphic analysis, goal data is calcu-
lated using the plan-model or equation derived therefrom. In
the embodiment described herein, the plan-model is entered
in a spreadsheet, and the graphic modeling software 112 uses
the spreadsheet as a calculator to determine goal data
required to develop the graphic amalysis. In this
embodiment, each time the user moves the graph point, the
graphic modeling software 112 uses the spreadsheet for a
new calculation for the graphpoint the user moves to in order
to determine the corresponding goal data for each factor data
the user has moved to.

Therefore, even if the user has elected to use line seg-
ments to develop graph lines faster, causing the graph lines
to be displayed a little less exactly than the computer could
display them by developing each graph line more slowly, the
goal data displayed for each graph point moved-to is not
made less precise by that user choice for faster graph line
development. For every factor data the user moves to, the
goal data is determined using a new plan-model calculation
for the specific moved-to factor data.

The graphic analysis exploration exemplified by the pre-
ceding illustrations has several advantages. For any what-if
possibility moved-to, the goal value is determined and
displayed with more precision than users can see or the
computer can display graphically. For users who may be less
than fully skilled at reading such graphic analyses, education
is provided in understanding and reading the analyses. A
single graphic analysis summarizes hundreds of what-if
possibilities associated with the plan data, each in terms of
factor data and resulting goal data. User controlled move-
ments and display of information for each moved-to possi-
bility helps users grasp this information and planning ben-
efit.

The exploration part of the invention can also present
information regarding each what-if possibility the user
moves to in the form of an explanatory statement. FIG. 39
shows such an embodiment. Within the Move-Read icon-
button there is a smaller Words button 3908. Whenever the
Move-Read button is activated by selecting this Words
button 3908, the user can see a sentence above the center of
the graphic analysis defining the information provided by
the current graph point position 3902. Whenever the user
moves the graph point. the sentence changes to state the
information represented by the moved-to position. Succes-
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sive selections of the Words button causes this function to be
turned on and off so that a user can activate this feature for
a period and then turn it off if preferred.

Labeled markers can also be provided and left at each of
a plurality of moved-to positions. Each marked graph point
can inciude notes of information on that graph point for later
use. FIG. 40 illustrates an embodiment for marking and
identifying various graph points. Whenever the user has
moved to a graph point to be marked, the Mark icon-button

- 4001 is selected, and a number marker 4002 appears at that

point and stays there when the user moves on. The user can
move to other points and deposit more numbered markers
4003 and then move on. The user can remove these markers
by selecting the Erase icon-button 4005.

FIG. 41 illustrates an embodiment of the invention for the
user’s provision of information on various graph points. In
this embodiment, by selecting any of the numbered markers,
the user can cause display of a Notes window for that
particular marker, in which the user can enter notes relevant
to that marked graph point, as shown in FIG. 41. For any one
marker, successive selections cause its Notes window to
appears and disappear. In the illustration, the user has
selected graph point marker (2) 4101, which has caused a
Notes window 4102 for that graph point marker to appear,
which contains information previously entered by a user.
Each of these Notes windows can be resized and moved on
the graphic analysis display, using standard Microsoft-
Windows methods for such resizing and moving windows,
to enable seeing more than one at a time and to enable seeing
a key part of the graphic analysis while Notes windows are
displayed.

For whatever position or possibility the user moves to on
a graphic analysis, the invention also offers more informa-
tion on what each graph position moved-to represents,
including information on values of all factors at the graph
point, and information on values of all goal results at that
graph point. FIG. 42 provides an illustration of an embodi-
ment for providing such information. With the movable
graph point at any position, the user selects the Numbers
icon-button 4201, in response to which a Numbers window
4202 is produced. This window provides name and value at
the current graph point position for every factor 4203 and for
every goal 4204. Note that values in this window for the
price factor and rate of return goal match those shown for the
current position of the graph point for the graphic analysis,
and that values or data for all goals are changed reflecting
effects of the change in the value of the price factor.

To generate all goal data as shown in the Numbers
window, for each graph point for which such data is to be
found and displayed, each goal data is calculated at that
point’s factor values using the factor data for that graph
point. This is accomplished by using the plan-model or
equation derived therefrom in the same way goal data is
calculated for graph points in development of the graphic
analysis. In the embodiment of which FIG. 42 is an
illustration, the plan-model is entered in a spreadsheet, and
to develop the graphic analysis the graphic modeling soft-
ware 112 uses the spreadsheet as a calculator. For the
Numbers window too, to develop goal data at each graph
point, the spreadsheet is used as a calculator.

The present invention also provides corresponding values
for the original plan-model and all differences between the
plan-model data and the graph point data. As seen in FIG.
43, the Numbers window contains a checkbox 4301 labeled
Compare with Plan, which the user has selected. In response
in the Numbers window. two additional columns are pro-
duced. Next to the column headed Graph containing values
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for the current graph point, a Plan column 4302 is provided
in which user-entered base-plan factors data and resultant
goal data is provided. A column 4303 labeled Diff. is also
provided in which a figure showing the amount of every
difference between graph point data and plan data for each
factor and each goal is produced.

With respect to graph points users move to on any graphic
analysis, representing factor data that produce goal data, the
invention is not limited to the embodiments and illustrations
presented above in either what information it develops and
delivers or the format in which it delivers such information.
As one example of additional information that the invention
can develop and deliver on such graph points, it can provide
a further-expanded version of the Numbers window with
columns of information showing factor data and goal data
for every graph point on which the user has positioned a
marker. For each of these columns, a second column can be
provided that contains information on each value difference
compared to the base-plan data of that factor data or goal
data.

On its graphic analyses, in addition to enabling users to
move to various graph points using factor data and devel-
oping and delivering information on such graph points, the
invention also includes analogous capabilities to enable
users to move to various goal data, and to develop and
deliver information on each goal data moved to. An embodi-
ment of such capabilities is shown in FIG. 44. In this
embodiment, the user has selected the Goal-Line icon-
butiton 4401, in response to which a horizontal “goal-line”
4402 is displayed across the graphic analysis, at a given
height representing the goal value at that height on the
vertical goal axis scale. At the left.end of this goal-line 4402,
an axismeter 4403 containing a number indicating the goal
value represented by the current height of the goal-line is
provided. At far left in the computer display, a vertical scroll
bar 4404, which works analogously to the horizontal scroll
bar and enables the user to move the goal-line to various
heights along the vertical axis scale representing various
goal values, is also provided.

For any target value a user has in mind for a goal, he can
use this line to quickly see multiple combinations of factor
data or values that will produce that goal value and thus
represent alternative ways to meet the goal. An example of
such use of the goal-line can be seen in FIG. 44. Assume that
for the rate of return goal, the user has in mind a target goal
of 25%. In FIG. 44, using the vertical scroll bar 4404, the
user has moved the goal-line to this target height, as indi-
cated by the goal-line’s axismeter 4403. By showing where
the various graph lines cross the goal-line, the graphic
analysis now provides, graphically, information defining
several factor data combinations that each meet the target
goal value.

For example, at far left on the graph, one graph line
crosses the goal-line at price about 180, and that graph line
depicts financed percent 76. One way to meet the goal target,
therefore, is shown by the graphic analysis with the goal-
line: price about 180 and financed percent 76.

Similarly, the next higher graph line, depicting financed
percent 78, crosses the goal-line at price about 186, which
represents another combination to meet the target goal:
Similarly, the next higher graph line represents financed
percent 80 and crosses the goal-line at price about 190,
which is another combination of factor data to meet the
target goal. By positioning the goal-line at a target height on
the graphic analysis and then observing where the graph
lines cross it, the user is able to rapidly see nine different
ways to meet the target, as a basis for applying his judgment
to choose the most feasible and practical route to the target
goal.
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FIG. 45 includes an illustration of a special kind of
information that can be developed and delivered in relation
to goal values a user moves to. After moving the goal-line
to a target rate of return goal of 25, and selecting a graph line
defining value for factor2 (in this case financed percent 88)
the user selects the Target icon-button 4503. In response, the
graphic modeling software 112 moves the movable graph
point to the point 4504 where the selected graph line
intersects the goal-line at its user-positioned goal value of
25. (In the FIG. 45 illustration, at this graph point position,
the user has deposited a marker numbered 2.) Then, the
graphic modeling software 112 provides a vertical dotted
line 4505 from this graph point straight down to the hori-
zontal factorl price axis, showing graphically the price value
that, at the user-selected financed percent value, will deliver
the user-selected goal value. At the bottom of this dotted
line, the graphic modeling software produces a horizontal-
axismeter 4506 showing text-numerically this price value of
214. For a user-selected goal value, rate of return =25, and
a user-selected vatue for one factor, financed percent=§8, the
value of the other factor required to meet the goal value is
determined and shown, namely price=214.

In the development and delivery of information relative to
goal values the user moves to, one aspect of the development
of information such as that just described and illustrated in
FIG. 45 is of particular note. That is, calculations to deter-
mine a factor data that will meet the selected goal data.
Consequently, the plan-model is entered to calculate factor
data for given goal data.

In the present embodiment of the invention, in which a
spreadsheet is the plan-model entry vehicle and is used by
the graphic modeling software as a calculator, the graphic
modeling software commands the spreadsheet to use a
special spreadsheet feature generally called goalseek or
backsolve. These spreadsheet features can, given a formula
(output) value and given values for all inputs but one,
calculate the value of the remaining input required to deliver
the given formula value.

FIG. 46 shows some aspects of how the embodiment of
the invention uses this feature of a spreadsheet to carry out
such a calculation for one graphic goal point, with this point
being illustrated in FIG. 45. As seen in FIG. 46, the Lotas
1-2-3® spreadsheet offers its calculate-backward feature by
displaying a window 4601 named Backsolver. To use this
feature for the desired backward calculation—in this
example, to find the price value or data that together with
financed percent=88 will deliver rate of return=25—the
graphic modeling software 112 issues to the spreadsheet a
series of commands equivalent to a spreadsheet user doing
the following: first, in cell 4602 (C12), the financed percent
cell, enter 88; next, activate the Backsolver 4601; in Back-
solver’s top textbox 4603, enter C6, which is the rate of
return cell 4604; in Backsolver’s second textbox 4605, enter
the desired value for that rate of return cell, i.e., 25; in the
bottom Backsolver textbox 4606, enter C11 which is the
price cell 4607; select OK 4608. In response the Lotus
spreadsheet calculates the value for CI1 (price), which,
when C12 (financed percent) contains 88, will make C6 (rate
of return)=25. This calculation results in price=214. After
this calculation, C11 is changed to that value of 214, which
causes Cé (rate of return) to become the desired value of 25.
Then the graphic modeling software 112 reads from the
spreadsheet the price value of 214 that the spreadsheet has
calculated backward, and uses this value along with the
others in developing and delivering the graphic analysis
information shown in FIG. 45.

In this process, the graphic modeling software 112 does
not cause the Lotus spreadsheet to appear to the user, as in
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FIG. 46. To develop information delivered in its graphic
analyses, the graphic modeling software uses various tools
to carry out steps and processes “behind the scenes,” invis-
ible to the user, and this use of the spreadsheet is just part of
what is done behind the scenes. The spreadsheet is shown in
FIG. 46 only to illustrate the spreadsheet feature that the
graphic modeling software 112 commands the spreadsheet
to use and what the graphic modeling software 112 tells the
spreadsheet to do with this feature.

While the preceding iHustration shows the invention
using a spreadsheet’s backward-calculation feature as one
step in developing and delivering graphic analysis informa-
tion on a single combination of factor values for meeting a
goal target, the invention can simultaneously develop and
deliver such graphic analyses for multiple factor-value com-
binations that represent alternatives for meeting the user’s
goal target.

Most commonly, the invention will develop and deliver
such graphic targeting information for all factor data com-
binations shown by all the intersections of graph lines with
the goal-line and, as one step in development and delivery
of each combination, will use the spreadsheet as a backward
calculator.

For any graph point the user moves to for any graphic
analysis, a full new plan-model reflecting that graph point
can be created. This new plan-model includes the factor
value(s) represented by that graph point. This new plan-
model also displays all goals values reflecting the graph-
point’s factor value(s). including the value for the goal
represented by the graph point.

Once the user has, on any graphic analysis, found and
moved to a graph point for which he would like a full
spreadsheet plan-model, from a single user action the inven-
tion will create a complete plan-model reflecting the selected
graphpoint. The user can then produce copies of detailed
tables of numbers of that new plan, for detailed budgeting
and other uses of such tables. And the user can use the new
plan-model as the basis for a new cycle of graphic analysis
using the invention again. for further work to obtain an
improved plan-model.

FIG. 47 provides an illustration of an embodiment of the
creation of a new plan-model from a graph point the user has
moved to. In this embodiment, the original plan-model was
entered in a spreadsheet, and therefore the invention creates
the new plan-model in the same spreadsheet, in this example

the Microsoft Excel® spreadsheet. Using a graphic analysis,-

the user has moved the graph point to a position 4701 for
which he wants a new plan-model. To have the invention
create the new plan-model, the user selects the graphic
modeling software’s SpredPlan icon-button 4702. In
response, the spreadsheet plan-model or a copy thereof
receives data that reflects the factor values of the graph point
and values of other factors as in the prior plan-model, and
displays goal values changed from the prior or original
plan-model to reflect the new factor values of the graph
point. as shown in the portion of the spreadsheet plan-model
4703 of FIG. 47.

In the graphic analysis from which the user requested the
new plan-model, the current graphpoint 4701 represents
price =210 and financed percent=88. The newly created
spreadsheet plan-model reflects these new factor values with
its price cell 4706 (C10) containing the value of 210, and the
financed percent cell 4707 (C11) now containing the value
of 88. And, in the new spreadsheet plan-model, all of cells
C4 through C7, which have associated plan-model formulas
and have values for the plan-model goals, now show dif-
ferent numbers from those in the prior or original plan-
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model. This is due to the changes in price and financed
percent values, which affect values for all four goals. The
new plan-model’s goal value in cell 4709 (C6) for rate of
return matches the graph point goal that the mew plan

-reflects. Columns D through J in the new spreadsheet

plan-model show a complete projection table for the new
plan-model, containing all the same information as the
original plan-model except that in this new plan-model, all
the numbers in the projection table represent the new plan

-based on the graph point from which the new plan-model

was created.

To create a new plan-model in a spreadsheet, the graphic
modeling software inserts the appropriate new factor data
into either the original or a copy of the entered plan-model,
in the same manner that it uses to insert factor data into the
spreadsheet plan-model in using the spreadsheet as a calcu-
lator in developing graphic analyses. Automatic spreadsheet
recalculation makes the goal data reflect the new factor data.

The appropriate changes in the original user-entered plan-
model can be changed to convert it into the new plan-model
reflecting the current graph point. Alternatively, if the user
wishes to preserve the original user-entered plan-model
without these changes, the graphic modeling software 112
can create the new plan-model in a new spreadsheet page or
worksheet. To do so, the graphic modeling software com-
mands the spreadsheet to make a copy of the original
plan-model in a new worksheet, and then inserts the appro-
priate changes in this copy. FIG. 47 illustrates this latter
procedure in the context of a Microsoft Excel® spreadsheet.
Prior to creation of the new plan-model reflecting the current'
graph point, the spreadsheet’s Condo workbook/file had a
single user-entered plan-model with original plan data. But
now in FIG. 47, the graphic modeling software has created
the new plan-model reflecting the current graph point. The
spreadsheet’s Condo workbook file now has two
worksheets, identified by worksheet tabs at the bottom of
spreadsheet window. The worksheet tab labeled Condol
4712 identifies the worksheet with the original user-entered
plan-model with original plan data, which is currently
“behind” the new second worksheet for the new plan-model
now displayed and identified by the Condo2 tab 4713.

The sequence of the five major steps described thus far
constitutes multistep process C shown in the overview
diagram of the invention of FIG. 6. To reiterate, the user
begins with entry of a plan-model, then proceeds through
linking, graphic analysis selection, creation and delivery of
graphic analyses, exploration of graphic analyses and. from
a selected graph point, creates a new plan-model reflecting
an improved plan. In the embodiment of the invention in
which a spreadsheet is used for plan-model entry, the user
enters an original plan-model in the spreadsheet, then uses
the graphic modeling software to see and explore the pos-
sibilities and select an improved plan which the graphic
modeling software can then enter in the spreadsheet.

In enabling the user to carry out these steps, the user is
able to proceed repeatedly through the cycle diagrammed in
FIG. 6. After entering a plan-model, the user proceeds to use
the invention’s graphic analysis to find a better plan and
create a new plan-model of it. Then the user can cycle back
to apply the graphic analysis to the improved plan-model to
find an even better plan.

Following the illustration of FIG. 47. an illustration of a
graphic analysis for the next cycle is shown in FIG. 48. In
the original plan-model, the user entered price=200 and
financed percent=80. The goal values reflect these factor
values including rate of return=23.48. In FIG. 47, the user
has proceeded through the first four major steps and moved
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to price=210 and financed percent=88, which produced a
rate of return of 25.64. Then, at the user’s request, a new
plan-model was created reflecting this graph point. Now, the
user can cycle back to the second major step to select
graphic analyses based on the new plan-model. When the
user does this, the graphic modeling software develops and
delivers graphic analyses centered on the plan point of the
new plan-model, as illustrated in FIG. 48.

FIG. 48 shows a prioritizer graph analysis just like the
analysis of the original plan-model. except that this FIG. 48
analysis is based on the new plan-model. Note that, com-
pared to the prioritizer analysis of FIG. 20, this new analysis
is centered on a plan data 4801 reflecting a higher rate of
return. The FIG. 20 graphic analysis plan data has a rate of
return of 23.48. The new FIG. 48 graphic analysis, having
the central plan point from which all the graph lines extend,
has a rate of return of 25.64, as shown by the exploration
axismeter 4802 beside the vertical goal axis. In the FIG. 48
graphic analysis, the movable graph point is at the central
plan point and the Numbers window showing all values at
that point is displayed, showing that the factor values of the
central plan point include price at 210 and financed percent
at 88.

Now the user can proceed to use graphic analyses of this
improved plan to find better plan-values for other factors.
For example, for the condominium plan, instead of focusing
on price and financed percent factors, as was done
previously, in the next graphic analysis cycle, the nser might
focus on other factors such as rent and maintenance. After
exploring graphic analyses of the improved plan-model to
find another better graph point, the user can control the
creation of another even better plan-model The user can
apply the graphic analysis capabilities to keep refining the
plan-model.

The invention also enables users to customize its graphic
analyses of particular plan-models or sets of plan-models
and to create files of such customized analyses.

These customization capabilities offer the following ben-
efits for the user:

(a) After a user has done initial work in graphic analysis,
by creating a customized file the user can later repeat,
resume, or continue the analyses far more quickly and
efficiently.

(b) A user can create a polished, organized graphic
analysis presentation.

(c) A user can prepare analyses for the easiest and fastest
use by others, including others less skilled in computer
use or in the analysis.

(d) A user is able to create and deliver a combination of.

decision power and ease of access to that power and its
use, e.g., the user can create a customized file through
which other users can develop the best and most
valuable of the graphic analyses of a plan-model
through a single user selection of a button.

In the following discussion, customization is accom-
plished partly through description and illustration of an
embodiment of the invention in which the plan-model is
entered in a spreadsheet and the graphic modeling software
links to the spreadsheet plan-model and performs most of
the necessary functions.

To save or open a file of graphic analysis work, the user
uses methods that are standard for software products used
with Microsoft Windows, as illustrated in FIG. 49. To save
work, the user selects File 4901 in the menu and then Save
4902 in the resulting dropdown list, which causes display of
a dialog box in which the user enters a file name and
indicates the desired disk-directory for location of the file.
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To recover the work for use, the user again selects File. This
time in the dropdown list, the user selects Open 4903, which
causes a display of a dialog box in which the user can find
the file-directory and then the file. :

In the graphic modeling software, the user can save in file
all current entries and setting for graphic analyses so that,
when the file is later opened, the user is at the same point of
progress in the graphic analyses as when the file was saved.
For example, if the user completes linking of the graphic
modeling software with an external software product con-
taining the plan-model (or elements thereof), as illustrated in
FIGS. 8, 10 and 11, and then saves his work, the file will
include the user’s linking entries and selections. Later, when
the user (or another user) opens that file, the same linking
will automatically be restored. If the user modifies the goal
and factor lists. as illustrated in FIG. 9, and then saves the
file, the file will include the user’s list modifications. Later,
when the file is opened, these modifications will again be
applied. When the file is opened, the graphic modeling
software 112 will be ready to offer graphic analyses of the
plan-model just as it was when the save was made.

If the user changes settings for graphic analysis ranges,
increments, and axes, as illustrated in FIGS. 24 and 26, a
subsequent file save can include those changed settings, and
then later, when the file is opened, those settings will be
restored.

A user can also include in a saved file a particular
selection of one or more selected graphic analyses. With
each, the user can include whatever exploration additions
the user prefers—such as graph point markers and goal-line
at a particular goal value. This is of major practical signifi-
cance because for a typical plan the invention offers thou-
sands of graphic analyses, and each could have thousands of
different combinations of exploration additions. The inven-
tion’s customizing capabilities enable the user to create
special menus of user-selected graphic analyses.

In addition to the display of the graphic analysis itself, the
full capability for interactive graphic-analysis exploration
can be saved and restored. This total capability includes the
interactive operations previously described, such as the user
moving the graph point to various what-if possibilities and
the developing and delivering of information on each pos-
sibility moved to.

In the embodiment of the invention described herein, the
graphic modeling software includes a system for user cre-
ation of a menu of selected graphic analyses, named
GraphBox, illustrated in FIG. 50. To add a graphic analysis
to the GraphBox menu, the user first achieves display of the
graphic analysis the way the user wants it, including if he
wishes various additions such as the Move-Read function,
the Words function and the GoalLine function, as exempli-
fied by the graphic analysis displayed in FIG. 50. Then in the
menu the user selects GraphBox 5002, which causes display
of the GraphBox window 5003. The GraphBox window
5003 contains space for a menu list of selected graphic
analyses 5004, and several buttons: an Add button 5005 for
adding the currently displayed graphic analysis to the menu,
a Show button 5006 for displaying whatever graphic analy-
sis the user has currently selected in the GraphBox menu list,
and Delete 5007 and Clear 5008 buttons for eliminating
from the list the currently selected item or all listed items.

With the graphic analysis displayed as the user wants it
added to the list, in GraphBox the user selects the Add
button, as illustrated in FIG. 51. Selection of the Add button
causes display of an Add to GraFile dialog box 5101 which
contains a text-entry box 5102 in which the user can enter
any name he likes for the graphic analysis. In the illustrated
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example, for the graphic analysis name the user has entered
“purchase/financing target.” After entering the desired name,
to add the currently displayed graphic analysis to the Graph-
Box menu list the user selects the OK button 5103.

The result is shown in FIG. 52. The user-entered name has
been added to the GraphBox menu list 5201. Regardless of
which graphic analysis is displayed, if the user opens the
GraphBox. in the menu list selects a graphic analysis name,
and selects the GraphBox window’s Show button 5202, the
graphic analysis is displayed as indicated by the selected
name in the GraphBox menu list. Such a display includes all
graphic exploration additions that were displayed when the
graphic analysis was added to the GraphBox menu list. The
graphic analysis displayed from GraphBox has full capabil-
ity for atl of the invention’s explore capabilities, just as it
had when first developed and delivered. On a graphic
analysis displayed from GraphBox, the user can, for
example, select the Move-Read icon-button and then move
the graph point and obtain information on each possibility
moved to.

To provide this capability, when the user adds a graphic
analysis to the GraphBox menu list the invention does not
store the display of the graphic analysis—instead, it stores
sufficient information to again develop and deliver the
original graphic analysis. That is. it stores sufficient infor-
mation so that. together with information available from the
plan-model through current linking, the invention can again
develop and deliver the graphic analysis in the same manner
as in the initial development and delivery of the graphic
analysis. To do so, through the entire process of graphic
analysis of the plan-model, the following procedures are
followed. Whenever a graphic analysis is developed and
displayed. it can be stored so long as that graphic analysis
displays all information specific to that graphic analysis that
the invention contained when the user requested the graphic
analysis and was required for the development and delivery
of the graphic analysis 5301. This information does not
include the plan-model, but the current linking is sufficient
for the graphic modeling software to access the plan-model.
During the time the graphic analysis is displayed, the
graphic modeling software also acts to store, and retain so
long as current, all information that is (along with informa-
tion obtainable from the plan-model through current linking)
required to define current status of all exploration of the
graphic analysis, such as current horizontal position value of
the movable graphpoint 5302. When the user completes the
action to add the graphic analysis to the GraphBox menu list,
by selecting the Add to GraphBox OK button 5103 shown in
FIG. 51. the GraphBox stores, with the user-assigned name
for that graphic analysis, all the information currently stored
by the graphic modeling software 112. Sufficient informa-
tion is also stored so that, whenever the user so requests, the
graphic analysis is redeveloped and redelivered using the
plan-model information accessible through current linking,
just as currently displayed, including currently displayed
exploration additions and also including full capabilities of
the invention for all interactive exploration of the graphic
analysis.

As FIG. 53 shows, the GraphBox enables the user to add
more graphic analyses to the GraphBox menu list 5301.
There is no limit on the number of graphic analyses that can
be added to this list and redeveloped from it. If the user adds
more analyses than can be shown in the list at one time, the
GraphBox menu list displays a vertical scroll bar enabling
the user to move up and down to any section of the list of
all graphic analyses added to the menu list. The GraphBox
menu list length is limited only by the capacity of the user’s
computer.
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As FIG. 54 and preceding figures show, for the GraphBox
menu list, the invention enables the user to choose any name
he desires for each graphic analysis. Through this capability,
a user who.is relatively skillful can develop and explore
many graphic analyses, select those of greatest value to
others, and in GraphBox prepare a customized menu of
selected graphic analyses, with each identified with the
name the skilled user considers most informative for other
users who may have lesser familiarity with or expertise in
the full capabilities of the invention.

In a file saved on disk for future use, or for use by others,
the user can include GraphBox with its capability to rede-
velop each graphic analysis it currently contains. Stated
more specifically, once the user has added graphic analyses
to the GraphBox menu list, when he saves his work in a file
4902 as illustrated in FIG. 49, the file system enables the file
to include, along with other information on current work
such as current settings for automatic linking to the plan-
model, full current contents of GraphBox. This includes all
information required to redevelop and redeliver the graphic
analyses in the GraphBox menu list, each just as it was when
added to the GraphBox and then a save was executed. At any
future time the user or other users can obtain any of the
graphic analyses that were in GraphBox at the time of the
save. This is accomplished by opening GraphBox, selecting
the desired graphic analysis, and selecting the GraphBox
Show button. For each graphic analysis thus obtained,
information from the file can be used to develop and deliver
the graphic analysis in the same manner as its original
development and delivery, including linking as necessary
and use of the plan-model, so that the graphic analysis has
the same full capabilities for all of the invention’s interactive
graphic analysis exploration.

In addition, the graphic modeling software is able to
customize the user interface associated with any graphic
analysis or file, including: user creation of objects such as
lines, arrows, texts, and command buttons; user setting of
properties of these objects and of objects of the invention’s
graphic analysis (such as the movable graph point); and user
writing of code or script associated with particular objects
and particular events such as user selection. In the embodi-
ment of the invention described herein, these systems and
methods are provided to the user through the Customizer
window 5401 illustrated in FIG. 54. The Customizer win-
dow 5401 contains an ObjectBox 5402 in which the user can
select various objects for addition to whatever is currently
displayed, such as an arrow for addition on a graphic
analysis; a Properties window 5403 through which the user
can set properties or characteristics of any object, such as
location, length, and color of the arrow; and a Code window
5404 through which the user can define how the customized
software tesponds to particular user actions applied to
particular objects, such as, when the user selects the arrow.
an item of text appears explaining what the arrow is pointing
to.

Through the customizing capabilities, the user can define
properties and write code to define responses to user actions
not only for new objects the user creates, such as an arrow
or unit of text added to a graphic analysis, but also for
objects that are parts of the rest of the invention, such as
graphic analysis axes and graph lines, exploration objects
such as movable graph point, goal-line, and deposited
markers, and elements of the invention’s command system
such as the overall menu and the buttons.

This integrated combination of the invention’s customiz-
ing together with its graphic analysis provides the user a vast
array of capabilities and possibilities for development of
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customizations to improve ease and clarity for widest use of
and fullest benefit from the invention, especially for par-
ticular plan-models, particular analyses, and particular types
of applications. In FIG. 54, the Code window contains an
example of a bit of customization code 5405 that suggests
the possibilities. With this code entered, every time a user
moves to a graph point above the current height of the
goal-line, words appear saying “Goal met.” While this
addition itself is modest, it illustrates the capability for any
user to make a customization of the software do various
tasks in relation to the graphic analysis and interactive
exploration. Creative users can apply such capabilities to
develop customizations that can multiply effectiveness in
making more of the invention’s vast graphic analysis power
and planning value come across more fully, quickly, and
clearly to wider populations of people less skilled or expe-
rienced in its graphic analysis power.

FIG. 55 provides an illustration suggestive of the capa-
bilities the customization adds, as an integrated part of the
total invention, for enabling relatively skilled users to make
it easier for others to get to the most valuable graphic
analyses of a plan as quickly as possible. A user has, after
using the invention for his own full graphic analysis of the
condominium plan, used the invention’s customization
capabilities to prepare a customized file for easiest condo-
minium analysis by others. With this customization, when
the invention’s graphic modeling software is initially
opened, a condominium customization file is automatically
opened too. It makes the initial display show that what this
customization offers is focused on the condominium plan
5501. It also automatically opens the full file that establishes
linking, scaling, and GraphBox for the condominium analy-
sis. In the menu at the top, items are eliminated from the
standard menu, such as Setup and GraphBox, that are not
necessary because the analysis is already set up. When in
this menu at top the user selects Graph 5502, the display
further shows the GraphBox 5503 with its menu list of
graphic analyses which the skilled user selected as most
valuable for the other users. By selecting any of the graphs
listed in the GraphBox, any user can go directly to that
graphic analysis of the condominium plan, which has full
exploration capabilities, and can also have special additional
features the skilled user added to help others fully and
quickly see the most valuable planning implications of each
graphic analysis.

The description of the customizing step completes the
description of the six major steps as noted in FIG. 6. The
user initiates the implementation of steps 1-5 to find and
select improved plan-models, and then culminates the use of
the invention through customizing that will help the user (a)
make his own further use of the work in the futre, (b)
deliver effective presentations on the amalyses and their
planning value, and (c) provide analysis files customized to
enable others to get fullest value from his analyses more
quickly, clearly, and fully.

Through its major six-step process, the invention provides
capabilities, for its wide use in the cycle diagrammed as
cycle d in FIG. 6. In other cycles diagrammed in FIG. 6, it
is likely to be typical that a particular user proceeds through
the full cycling. But cycle d is different in a fundamental
way. In particular, after one user proceeds through the
invention’s six steps culminating in customizing, the cycles
of subsequent use are likely to be followed by wider
populations of additional users for whom the customizing
can make it easier to see more of the vast power and value
of the graphic analyses more quickly and fully.

The foregoing discussion of the invention has been pre-
sented for purposes of illustration and description. Further,
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the description is not intended to limit the invention to the
form disclosed herein. Consequently, variations and modi-
fications commensurate with the above teachings, within the
skill or knowledge of the relevant art, are within the scope
of the present invention. The embodiments discussed here-
inabove are further intended to explain the best mode known
to practicing the invention and to enable others skilled in the
art to utilize the invention in such, or in other embodiments,
and with the various modifications required by their par-
ticular application or uses of the invention. It is intended that
the appended claims be construed to include alternative
embodiments to the extent permitted by the prior art.
‘What is claimed is:
1. Amethod that relates to graphic analysis of variation of
economic plans, comprising:
accessing a plan-model having variables including inputs
defined to have externally entered input values and
outputs defined to have output values determined
through plan-model processes affected by one or more
of said input values, said plan-model being changeable
into any of a number of what-if states, each of said
what-if states being a particular combination of par-
ticular values for said inputs and any change in any of
said input values being a change of said plan-model
. from one what-if state to another what-if state;
choosing at least a first goal from said outputs and at least
a first factor from said inputs, said first factor being
chosen based on said first goal and being an economic
parameter, that is useful to a user in planning and
managing said first goal and based on desire for infor-
mation associated with a functional relationship
between said first goal and said first factor contained in
said plan-model wherein a change in the value of said
first factor causes a change in the value of said first
goal;
obtaining input values for an initial what-if state of said
plan-model, in which what-if state all input values and
all output values of said plan-model including the
values of said first factor and said first goal are plan
values;
establishing at least a first magnitude of variation for the
value of said first factor, said first magnitude of varia-
tion being established based on said first factor plan
value, said variation being in an axis of value variation
independent of the axes of value variation represented
by the input and output values in said initial what-if
state of said plan-model; and
providing a first graph having at least a first graph line in
which each graph point reflects a different what-if state
of said plan-model, said first graph line developed by
determining representative graph points each represent-
ing a different first factor substitute value and a corre-
sponding goal variant value for said first goal, wherein:
values of said representative graph points are deter-
mined and used to display said first graph and said
first graph line in a computer process that includes
generation of new values for said representative
graph points using said plan-model and said plan
values and display of said first graph with said first
graph line using said representative graph points,
which computer process is independent of user setup
of additional modeling to create a table of such
values external to said plan-model, said user setup of
additional modeling including separate user steps to
enter in spreadsheet cells external to said plan-model
a plurality of first factor values and a formula refer-
ence for calculation of corresponding first goal val-
ues;
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each of said first factor substitute values is determined
based on said first factor plan value and said first
magnitude of variation, each of said first factor
substitute values is different from and a replacement
for said first factor plan value, said first factor
substitute values differ from any value of said first
factor obtained from said initial what-if state of said
plan-model and used in determination of said first
factor substitute values, and said first factor substi-
tute values differ from any value of said first factor
obtained from the user and used in determination of
said first factor substitute values; and
each of said corresponding first goal variant values is
the value of said first goal using said plan-model
processes with said first factor plan value replaced by
the first factor substitute value to which said first
goal variant value corresponds, and depending on
said relationship between said first goal and said first
factor contained in said plan-model said correspond-
ing goal variant values for said first goal are different
from the plan value of said first goal, differ from any
value of said first goal obtained from said initial
what-if state of said plan-model and used in deter-
mination of said first goal variant values, and differ
from any value of said first goal obtained from the
user and used in determination of said first goal
variant values;
in which graph line information is provided for said
relationship between said first goal and said first
factor and the value of said first goal at each value of
said first factor for at least ten values of said first
factor differing from any value of said first factor
obtained from said initial what-if state of said plan-
model and differing from any value of said first
factor obtained from the user.
2. A method, as claimed in claim 1, wherein:
said accessing step includes linking to said plan-model
and software providing said plan-model to enable inter-
action with said software and said plan-model.
3. A method, as claimed in claim 1, wherein:
said accessing step includes providing said plan-model in
an electronic spreadsheet.
4. A method, as claimed in claim 1, wherein:
said choosing step includes creating menu lists of a
number of said outputs for user selection of goals and
of a number of said inputs four user selection of factors.
5. A method, as claimed in claim 1, wherein:
said choosing step includes identifying said outputs of
said plan-model for user selection of goals or said
inputs of said plan-model for user selection of factors.
6. A method. as claimed in claim 1, wherein:
said choosing step includes identifying said inputs of said
plan-model affecting any particular output for user
selection of factors.
7. A method, as claimed in claim 1, wherein:
said choosing step includes locating a number of said
outputs to be offered for selection of goals and a
number of said inputs to be offered for selection of
factors in particular locations in said plan-model.
8. A method, as claimed in claim 1, wherein:
said choosing step includes designating a name for each
of a plurality of said outputs which are selectable as
goals including said first goal and each of a plurality of
said inputs which are selectable as factors including
said first factor.
9. A method. as claimed in claim 1, wherein:
said obtaining step includes acquiring a number of said
input plan values from said plan-model or software
containing said input plan values.
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10. A method, as claimed in claim 1. wherein:
said providing step includes displaying a plurality of
graph lines representing variation from plan values of

a plurality of factors including said first graph line

representing variation from plan value of said first

factor, said displaying step including displaying said
graph lines relative to a vertical axis associated with
goal variant values of said first goal and a horizontal
axis of factor substitute values associated with said
plurality of factors including said first factor chosen
from said inputs, with each of said graph lines fllus-
trating said first goal variant values for a plurality of
factor substitute values for a different factor of said
plurality of factors, wherein each of said plurality of
graph lines represents an axis of value variation of said
plan-model established independently of said axes of
value variation represented by the input and output
values in said initial what-if state of said plan-model
and contains at least ten graph points each:
representing for at least one of said plurality of factors a
factor substitute value different from all values of said
factor obtained from said initial what-if state of said
plan-model and from the user and used in determina-
tion of said factor substitute value;
representing for said first goal a corresponding goal
variant value determined using said factor substitute
value and, depending on said relationship between said
first goal and said first factor contained in said plan-
model, different from all values of said first goal
obtained from said initial what-if state of said plan-
model and from the user and used in determination of
said first goal variant value; and
refiecting a what-if state of said plan-model different from
said injtial what-if state of said plan-model and differ-
ent from the what-if state of said plan-model reflected
by each of the rest of said ten graph points.
11. A method, as claimed in claim 10, wherein:
said displaying step includes illustrating said first graph
line with said first goal variant values as a function of
percentage-related deviation from plan value of said
first factor.
12. A method, as claimed in claim 1, wherein:
said providing step includes displaying a plurality of
graph lines representing combined variation from said
plan values of two independently varying factors
including said first graph line, said displaying step
including displaying a vertical axis associated with goal
variant values of said first goal and displaying a hori-
zontal axis associated with factor substitute values of
said first factor, with each of said graph lines illustrat-
ing said first goal variant values as a function of said
first factor substitute values and a different value for
said second factor, wherein said plurality of graph lines
contains at least ten graph points each representing:
factor substitute values for each of two factors, each of
said factor substitute values different from all values
of that factor obtained from said initial state of said
plan-model and from the user and used to determine
said factor substitute values;

a corresponding goal variant value for said first goal
different from all values of said first goal obtained
from said initial state of said plan-model and from
the user and used to determine said goal variant
value; and

a what-if state of said plan-model different from said
initial what-if state of said plan-model, and said
plurality of graph lines represents value variation of
said plan-model in a combination of two axes of
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value variation each established independently of the
axes of value variation represented by the input and
output values in said initial what-if state of said
plan-model.

and said first factor contained in said plan-model that
said first graph line reflects is defined in said plan-
model by a plurality of formulas separately expressed
and separately located in said plan-model.

19. A method, as claimed in claim 1, further comprising:

50

and a plurality of graph points representing factor
substitute values for said second factor and correspond-
ing goal variant values for said first goal.

20. A method, as claimed in claim 19, wherein:

13. A method, as claimed in claim 12, wherein said 5  said r;ioviqingt st:lp includes dftermlmt L ‘Iég t?taih ogl saic; ﬁrs:
; : ; . oal variant values using a factor substitute value for a
disp layl.ng step mcludes.. ) . lgeast one of said first ax%d second factors.
defining a factor substitute values axis and a goal variant 21. A method, as claimed in claim 1, wherein:
values axis with units associated therewith; said providing step includes developing and displaying a
determining a factor substitute values range and axis-scale plurality of graph lines including said first graph line,
increment for said first factor using said first factor plan 10 with said plurality of graph lines illustrating goal
value; variant values of said first goal for factor substitute
determining a factor substitute values graph line-set range Va.‘lues for a plurality Of factors, Whefeini. . .
and increment for said second factor using the plan -said plurality of graph lines represents variation of said
value of said second factor; s Pia“'mggci from lsma(iitl;mfal what;f aitatc of :‘aud
- L . . plan-model in a plur: of axes of value variation
dem a goal range and axis-scale increment for said each established independently of the axes of value
O . : . variation represented by the input and output values
determining approp! riate changes in ranges aqd incre- in said initial what-if state of said plan-model; and
hll'fit:etlzor said factor and goal axes and said graph . forﬁ(:lach of?plur agilty otftfactors,;ai d‘p%ur ality of %iraph
] . . ) .. ) , es contains at least ten graph points representing a
disp: laylng said plurality of graph lines including said first number of factor substitute values for said factor,
graph linc; and o . i wherein each of said ten graph points:
showing labels for said factor axis, said goal axis and said represents for at least said factor a factor substitute
graph line-set. . . . value differing from all values of said factor
14. A method, as claimed in claim 13, wherein: 25 obtained from said initial what-if state of said
said step of determining said first goal range and axis- plan-model and from the user and used in deter-
scale increment includes obtaining high and low first mination of said factor substitute value;
goal values across combined ranges of said first factor represents for said first goal a corresponding variant
substitute values and second factor substitute values value determined using said factor substitute value
using said substitute values of said first factor and said 3, and, depending on said relationship between said
second factor and the relationship contained in said first goal and said factor contained in said plan-
plan-model between said first goal and said first factor model., differing from all values of said first goal
and said second factor, and arriving at said first goal obtained from said initial whatif state of said
range and axis-scale increment using said high and low plan-model and from the user and used in deter-
1 Sﬁf:t ﬁ;ﬂo‘éﬂ::ilme din claim 1. wherein: 35 mination of said first goal variant value; and
sai-d providiné step includes developi;lg <aid gr‘aph points reflects a what-if state of said plan-model different
from said initial state of said plan-model and
of said first graph line.by calculating a p 1qra]ity of first different from the what-if state ofI;aid plan-model
goal yariant values using a plurality of said first factor reflected by each of the rest of said ten graph
165l116tzst1tute values. ) . . 40 points.
. A method, as claimed in claim 1, wherein: 22 A method. as claimed in claim 1. wherein:
Sal(.i providing step includes displaying said first graph said accessing step includes providing at least portions of
line. . . . . said plan-model in software that includes at least one of
17. A method, as claimed in claim 16, wherein: the following: spreadsheet software, accounting
said displaying step includes illustrating said first graph 45 software, data base software and innovative graphic
line on a dlsplay screen. E analysis software.
18. A method, as claimed in claim 1, wherein said 23. A method, as claimed in claim 22, wherein:
providing step includes: said providing step includes linking to said software to
producing said first graph line associated with said plan- enable interaction with said software and said plan-
model wherein said relationship between said first goal 50 model.

24. A method, as claimed in claim 1. wherein said

providing step includes:

defining a factor substitute values axis and a goal variant
values axis and units associated therewith;

55  determining a factor substitute values range and a factor
choosing from said inputs of said plan-model a second substitute values axis-scale increment for said first
factor different from said first factor; factor using said first factor plan value;
obtaining for said second factor a second factor plan value displaying said factor substitute values axis with incre-
establishing for said second factor at least a first magni- ment scaling and labeling;
tude of variation in an axis of value variation deter- 60  determining a goal variant values range and a goal variant
mined independently of the axes of value variation values axis-scale increment for said first goal;
represented by the input and output values in said initial displaying said goal variant values axis with increment
what-if state of said plan-model; and scaling and labeling; and
providing a number of graph lines, including said first displaying said first graph line.
graph line, containing a plurality of graph points rep- 65  25. A method, as claimed in claim 24, wherein said step

resenting factor substitute values for said first factor
and corresponding goal variant values for said first goal

of determining said first goal variant values range and
axis-scale increment includes:
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determining first goal variant high values and low values
using said first factor substitute values and said rela-
tionship between said first goal and said first factor
contained in said plan-model; and

arriving at said first goal variant values range and goal
variant values axis scale increment using said high
values and said low values.

26. A method, as claimed in claim 24, further including:

changing by the user when appropriate at least one of said
first factor range and said first goal range.

27. A method, as claimed in claim 26, wherein:

said changing step further includes modifying said axis-
scale increment for at least one of said factor axis and
said goal axis.

28. A method, as claimed in amended claim 1. wherein:

said providing step includes analyzing a shape of said first
graph line which is a functional relationship between
said first goal and said first factor, for the purpose of
determining a series of values of said first factor which
in combination with corresponding values of said first
goal will define a series of graph point that upon display
with straight line segments connecting consecutive
graph points produce a graph line providing a visual
representation of said functional relationship.

29. A method, as claimed in claim 28, wherein:

said analyzing step includes determining a plurality of
graph points along said first graph line. with each of
said graph points comprised of one of said first factor
substitute values and one of said first goal variant
values determined using said first factor substitute
value and said relationship between said first goal and
said first factor.

30. A method, as claimed in claim 28, wherein

said analyzing step includes analyzing a direct expression
of a number for formulas in said plan-model.

31. A method, as claimed in claim 1, wherein:

said providing step includes using said plan-model to
calculate said first goal variant values based on said
first factor substitute values.

32. A method, as claimed in claim 1, further including:

creating a user interface for said graph that involves at
least one of the following: creation of methods of
choosing said goals and factors, methods of moving
interactively on said graph, and methods of illustrating
information relative to values of factors and goals for
graph points moved to on said graph.

33. A method, as claimed in claim 1, wherein:

said relationship between said first goal and said first
factor includes a plurality of formulas separately
expressed and separately located in said plan-model.
34. A method, as claimed in claim 1, wherein:

said establishing step inclndes establishing said first mag-
nitude of variation in an axis of plan-model value
variation determined independently of the axes of value
variation represented by any series of values in said
initial state of said plan-model including any series of
values contained in a horizontal row or a vertical
column or a series of pages or a list in said initial state
of said plan-model.

35. A method, as claimed in claim 1, wherein:

said providing step includes showing said first graph line
wherein each of a number of segments of said first
graph line represents a continuum of graph points with
each of said graph points depicting a different first
factor substitute value and a corresponding first goal
variant value and reflecting a different what-if state of
said plan-model.
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36. A method, as claimed in claim 1, wherein:

said providing step includes determining a plurality of
graph line definition first factor values which together
with corresponding first goal variant values represent a
series of graph line definition graph points such that
straight line segments connecting consecutive graph
points in said series show additional graph points
reflecting the relationship between said first goal and
said first factor in said plan-model.

37. A method, as claimed in claim 36, further including:

changing by the user said determining of graph line
definition first factor values.

38. A method that relates to graphic analysis of variation

of economic plans, comprising:

accessing a plan-model having variables including inputs
defined to have externally entered input values and
outputs defined to have output values determined
through plan-model processes affected by one or more
of said input values, said plan-model being changeable
into any of a number of what-if states, each of said
what-if states being a particular combination of par-
ticular values for said inputs and any change in any of
said input values being a change of said plan-model
from one what-if state to another what-if state;
choosing at least a first goal from said outputs and at least
a first factor from said inputs, said first factor being
chosen based on said first goal and being an economic
parameter that is useful to a user in planning and
managing said first goal and based on desire for infor-
mation associated with a relationship between said first
goal and said first factor contained in said plan-model
wherein a change in the value of said first factor causes
a change in the value of said first goal;
obtaining input values for an initial what-if state of said
plan-model, in which what-if state all input values and
all output values of said plan-model including the
values of said first factor and said first goal are plan
values;
establishing at least a first magnitude of variation for the
value of said first factor, said first magnitude of varia-
tion being established based on said first factor plan
value, said variation being in an axis of value variation
independent of the axes of value variation represented
by the input and output values in said initial what-if
state of said plan-model;
providing a first graph having at least a first graph line in
which each graph point reflects a different what-if state
of said plan-model, said first graph line including graph
points each representing a different first factor substi-
tute value and a corresponding goal variant value for
said first goal, wherein:
each of said first factor substitute values is determined
based on said first factor plan value and said first
magnitude of variation, each of said first factor
substitute values is different from and a replacement
for said first factor plan value, said first factor
substitute values differ from any value of said first
factor obtained from said initial what-if state of said
plan-model and used in determination of said first
factor substitute values, and said first factor substi-
tute values differ from any value of said first factor
obtained from the user and used in determination of
said first factor substitute values; and
each of said corresponding first goal variant values is
the value of said first goal using said plan-model
processes with said first factor plan value replaced by
the first factor substitute value to which said first
goal variant value corresponds, and depending on
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said relationship between said first goal and said first
factor contained in said plan-model said correspond-
ing goal variant values for said first goal are different
from the plan value of said first goal, differ from any
value of said first goal obtained from said initial
what-if state of said plan-model and used in deter-
mination of said first goal variant values. and differ
from any value of said first goal obtained from the
user and used in determination of said first goal
variant values;
in which graph line information is provided for said rela-
tionship between said first goal and said first factor and the
value of said first goal at each value of said first factor for
at least ten values of said first factor differing from any value
of said first factor obtained from said initial what-if state of
said plan-model and differing from any value of said first
factor obtained from the user;
moving interactively along said first graph line to arrive at
a first graph point of a plurality of graph points repre-
sented by said first graph line, said first graph point
representing a first factor substitute value selected by
the user from a plurality of factor substitute values
represented by the range of a factor axis and reflected
by said plurality of graph points along said first graph
line, for which first factor substitute value information
is desired regarding the corresponding goal variant
value of said first goal;
determining said corresponding goal variant value of said
first goal represented by said first graph point using said
first factor substitute value and the relationship between
said first goal and said first factor contained in said
plan-model; and
illustrating said factor substitute value and said corre-
sponding first goal variant value represented by said
first graph point,
wherein said first graph line represents at least ten graph
points including said first graph point to which the user can
move interactively, each of said graph points representing a
factor substitute value of said first factor different from any
value of said first factor obtained from said initial what-if
state of said plan-model and representing a what-if state of
said plan-model different from said initial what-if state of
said plan-model.
39. A method, as claimed in claim 38, further comprising:
creating a plan-mode] revised version reflecting factor and
goal values represented by said first graph point, dif-
fering from said plan-model by having at least one
factor substitute value different from said factor’s plan
value.
40. A method, as claimed in claim 39, wherein:
said creating step includes making a copy of said plan-
model and in said copy changing plan values of a
number of factors to substitute values of said factors
that correspond to said first graph point.
41. A method, as claimed in claim 38, wherein:
said moving interactively step includes moving interac-
tively to one of a plurality of graph lines selected by the
user to move along and illustrating which of said
plurality of graph lines has been moved to.
42. A method, as claimed in claim 41, further comprising:
Moving interactively relative to a plurality of graph lines
including said first graph line each representing said
relationship between said first goal and said first factor
relative to a first factor axis and a first goal axis with
each of said graph lines representing said relationship
with a different value for a second factor, to a graph
point that is not on a displayed graph line but between
two of said graph lines, wherein said graph point
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represents a first factor substitute value relative to said
first factor axis and also associated with said first factor
substitute value represents a factor substitute value for
said second factor that is defined by the position of said
graph point relative to said two graph lines and the goal
variant value represented by said graph point is deter-
mined using said factor substitute values of said first
and second factors and the relationship between said
first goal and said first and second factors contained in
said plan-model.
43. A method, as claimed in claim 38, wherein:

said illustrating step includes displaying markers located
relative to said first graph point moved to and said
factor axis and a goal axis illustrating the selected
factor substitute value of said first graph point moved
to relative to said factor axis and the corresponding
goal variant value of said first graph point relative to
said goal axis.

44. A method, as claimed in claim 38, wherein:

said illustrating step includes presenting a number indi-
cating said first factor substitute value moved to rela-
tive to said factor axis to arrive at said first graph point
along said first graph line and a number for the first goal
variant value of said first graph point determined using
said first factor substitute value and said relationship
between said first goal and said first factor contained in
said plan-model. ]

45. A method, as claimed in claim 38, wherein:

said illustrating step includes displaying numbers show-
ing values associated with said first graph point for a
plurality of factors including said first factor substitute
value and for a plurality of goals including said first
goal variant value.

46. A method, as claimed in claim 45, wherein:

said displaying step includes displaying for each of a
plurality of graph points, including said first graph
point, numbers showing values associated with said
graph point for a plurality of factors and a plurality of
goals.

47. A method, as claimed in claim 38, wherein:

said moving interactively step includes locating a marker
at each of a number of said graph points and displaying
at least one text area for user entry and display of
information related to at least one of said graph points
having one of said markers.

48. A method, as claimed in claim 1, further comprising:

saving in computer memory a file of a number of said
graphs including said first graph having at least said
first graph line, said file having for each of said graphs
information to reestablish relinking to said plan-model
and reproduce said graph and enable moving interac-
tively to graph points along at least said first graph line
on said graph by moving to factor substitute values
relative to a factor axis and illustrate information on
said graph points moved to including goal variant
values of said graph points determined using said factor
substitute values moved to and the relationship between
the goal and the factors represented on said graph.

49. A method, as claimed in claim 38, wherein:

said moving interactively step includes moving to a graph
point representing a factor substitute value for at least
one factor different from every value of said factor used
to determine how to display said graph line.

50. A method, as claimed in claim 38, wherein:

said moving interactively step includes:
determining a first increment of consecutive values of

said first factor moveable to along said graph line
relative to said factor axis; and
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user adjusting of the values of said first factor that can
be moved to along said graph line relative to said
factor axis including user adjusting of the increment
between consecutive factor values moveable to
along said graph line.
51. A method, as claimed in claim 38, wherein:
said moving interactively step includes moving interac-
tively to any of at least 100 graph points along said first
graph line representing different factor substitute val-
ues of said first factor.
52. A method that relates to graphic analysis of variation
of economic plans, comprising:
accessing a plan-model having variables including inputs
defined to have externally entered input values and
outputs defined to have output values determined
through plan-model processes affected by one or more
of said input values, said plan-model being changeable
into any of a number of what-if states, each of said
what-if states being a particular combination of par-
ticular values for said inputs and any change in any of
said input values being a change of said plan-model
from one what-if state to another what-if state;
choosing at least a first goal from said outputs and at least
a first factor from said inputs, said first factor being
chosen based on said first goal and being an economic
parameter that is useful to a user in planning and
managing said first goal and based on desire for infor-
mation associated with a relationship between said first
goal and said first factor contained in said plan-model
wherein a change in the value of said first factor causes
a change in the value of said first goal;
obtaining input values for an initial what-if state of said
plan-model, in which what-if state all input values and
all output values of said plan-model including the
values of said first factor and said first goal are plan
values;
establishing at least a first magnitude of variation for the
value of said first factor, said first magnitude of varia-
tion being established based on said first factor plan
value, said variation being in an axis of value variation
independent of the axes of value variation represented
by the input and output values in said initial what-if
state of said plan-model;
providing a first graph having at least a first graph line in
which each graph point reflects a different what-if state
of said plan-model, said first graph line including graph
points each representing a different first factor substi-
tute value and a corresponding goal variant value for
said first goal, wherein:
each of said first factor substitute values is determined
based on said first factor plan value and said first
magnitude of variation, each of said first factor
substitute values is different from and a replacement
for said first factor plan value, said first factor
substitute values differ from any value of said first
factor obtained from said initial what-if state of said
plan-model and used in determination of said first
factor substitute values, and said first factor substi-
tute values differ from any value of said first factor
obtained from the user and used in determination of
said first factor substitute values; and
each of said corresponding first goal variant values is
the value of said first goal using said plan-model
processes with said first factor plan value replaced by
the first factor substitute value to which said first
goal variant value corresponds, and depending on
said relationship between said first goal and said first
factor contained in said plan-model said correspond-
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ing goal variant values for said first goal are different
from the plan value of said first goal differ from any
value of said first goal, obtained from said initial
what-if state of said plan-model and used in deter-
mination of said first goal variant values, and differ
from any value of said first goal obtained from the
user and used in determination of said first goal
variant values;
in which graph line information is provided for said rela-
tionship between said first goal and said first factor and the
value of said first goal at each value of said first factor for
at least ten values of said first factor differing from any value
of said first factor obtained from said initial what-if state of
said plan-model and differing from any value of said first
factor obtained from the user; and

moving interactively including moving a reference
marker to at least a first goal variant value of said first
goal relative to a goal axis on said graph and illustrating
at least one graph point on said first graph line of said
graph that corresponds to said goal variant value moved
to, wherein said graph point represents a factor substi-
tate value for said first factor which if substitated for
the plan value of said first factor in said plan-model will
change said plan-model to a what-if state in which the
value of said first goal corresponds to the first goal
variant value moved to.

53. A method, as claimed in claim 52, wherein:

said moving interactively step includes displaying graphi-
cally along each of a plurality of graph lines including
said first graph line at least one graph point along said
graph line, including said graph point on said first graph
line, representing said goal variant value of said first
goal moved to and a factor substitute value relative to
a factor axis which in association with said graph line
and the relationship between said first goal and factors
associated with said graph line will produce said goal
variant value moved to for said first goal.

54. A method, as claimed in claim 52, wherein:

said illustrating step includes displaying a number for said
first factor substitute value of said graph point deter-
mined using said first goal variant value moved to and
said relationship between said first goal and said first
factor contained in said plan-model.

§5. A method, as claimed in claim 54, wherein:

said displaying step includes manipulating said plan-
model to find said first factor substitute value.

56. An apparatus that relates to graphic analysis of varia-

tion of economic plans, comprising:

a plan-model having variables including inputs defined to
have externally entered input values and outputs
defined to have output values determined through plan-
model processes affected by one or more of said input
values, said plan-model being changeable into any of a
number of what-if states, each of said what-if states
being a particular combination of particular values for
said inputs and any change in any of said input values
being a change of said plan-model from one what-if
state to another what-if state, from which at least a first
goal is chosen from said outputs and at least a first
factor is chosen from said inputs, said first factor being
chosen based on said first goal and being an economic
parameter that is useful to a user in planning and
managing said first goal and based on desire for infor-
mation associated with a functional relationship
between said first goal and said first factor contained in
said plan-model wherein a change in the value of said
first factor causes a change in the value of said first
goal, and for which inputs input values are entered for
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an initial what-if state of said plan-model, in which
what-if state all input values and all output values of
said plan-model including the values of said first factor
and said first goal are plan values; and
first means for providing a first graph having at least a first
graph line in which each graph point reflects a different
what-if state of said plan-model, said first graph line
developed by determining representative graph points
each representing a different first factor substitute value
and a corresponding goal variant value for said first
goal, wherein:
values of said representative graph points are deter-
mined and used to display said first graph and said
first graph line in a computer process that includes
generation of new valnes for said representative
graph points using said plan-model and said plan
values and display of said first graph with said first
graph line using said representative graph points,
which computer process is independent of nser setup
of additional modeling to create a table of such
values external to said plan-model, said user setup of
additional modeling including separate user steps to
enter in spreadsheet cells external to said plan-model
a plurality of first factor values and a formula refer-
ence for calculation of corresponding first goal val-
ues;
each of said first factor substitute values is determined
based on said first factor plan value and a first magni-
tude of variation established for the value of said first
factor, said first magnitude of variation being estab-
lished based on said first factor plan value, said varia-
tion being in an axis of value variation determined
independently of the axes of value variation repre-
sented by the input and output values in said initial
what-if state of said plan-model, each of said first factor
substitute values is different from and a replacement for
said first factor plan value, said first factor substitute
values differ from any value of said first factor obtained
from said initial what-if state of said plan-model and
used in determination of said first factor substitute
values, and said first factor substitute values differ from
any value of said first factor obtained from the user and
used in determination of said first factor substitute
values; and
each of said corresponding first goal variant values is the
value of said first goal using said plan-model processes
with said first factor plan value replaced by the first
factor substitute value to which said first goal variant
value corresponds, and depending on said relationship
between said first goal and said first factor contained in
said plan-model said corresponding goal variant values
for said first goal are different from the plan value of
said first goal, differ from any value of said first goal
obtained from said initial what-if state of said plan-
model and used in determination of said first goal
variant values, and differ from any value of said first
goal obtained from the user and used in determination
of said first goal variant values;
in which graph line information is provided for the relation-
ship between said first goal and said first factor and the value
of said first goal at each value of said first factor for at least
ten values of said first factor differing from any value of said
first factor obtained from said initial what-if state of said
plan-model and differing from any value of said first factor
obtained from the user.
57. An apparatus, as claimed in claim 56, further com-
prising:
an electronic display screen for displaying said first graph
line.
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58. An apparatus, as claimed in claim 56, further includ-
ing:
linking software for linking to said plan model to enable
interaction with software of said plan model.
59. An apparatus, as claimed in claim 56, wherein:

said plan model is entered in an electronic spreadsheet
which is activatable on a computer display screen.
60. An apparatus, as claimed in claim 56, further com-
prising:
means for identifying outputs for user selection of goals
and identifying inputs for user selection of factors.
61. An apparatus, as claimed in claim 56, further com-
prising:
second means for identifying all of said inputs from said
plan-model that affect said first goal.
62. An apparatus, as claimed in claim 56, wherein:

said first means includes means for determining said first
factor substitute values, using said first factor plan
value.

63. An apparatus, as claimed in claim 56, wherein:

said first means includes means for establishing a factor
axis related to said first factor and a goal axis related to
said first goal.

64. An apparatus, as claimed in claim 56, wherein:

said plan model contains a plurality of formulas that
collectively determine a relationship between said first
goal and said first factor but contain no formula
expressing the relationship between said first goal and
said first factor.

65. An apparatus, as claimed in claim 56, further includ-

ing:

third means for selecting by the user of a plurality of
factors including said first factor from said inputs of
said plan-model and providing said first graph with a
pluratity of graph lines including said first graph line,
wherein said plurality of graph lines illustrates a goal
variant value for each of a plurality of factor substitute
values for each of said plurality of factors selected by
the user, contains at least ten graph points each repre-
senting at least one factor substitute value and a goal
variant value not obtained from either the initial what-if
state of the plan-model or from the user and each
representing a different what-if state of said plan-
model, and illustrates variation of plan-model values in
a plurality of additional axes of value variation of said
plan-model each established independently of the axes
of value variation represented by the input and output
values in said initial what-if state of said plan-model.

66. An apparatus that relates to graphic analysis of varia-

tion of economic plans, comprising;

a plan-mode] having variables including inputs defined to
have externally entered input values and outputs
defined to have output values determined through plan-
model processes affected by one or more of said input
values, said plan-model being changeable into any of a
pumber of what-if states, each of said what-if states
being a particular combination of particular values for
said inputs and any change in any of said input values
being a change of said plan-model from one what-if
state to another what-if state, from which at least a first
goal is chosen from said outputs and at least a first
factor is chosen from said inputs, said first factor being
chosen based on said first goal and being an economic
parameter that is useful to a user in planning and
managing said first goal and based on desire for infor-
mation associated with a relationship between said first
goal and said first factor contained in said plan-model
wherein a change in the value of said first factor causes
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a change in the value of said first goal, and for which
inputs input values are entered for an initial what-if
state of said plan-model. in which what-if state all input
values and all output values of said plan-model includ-
ing the values of said first factor and said first goal are
plan values;
first means for providing a first graph having at least a first
graph line in which each graph point reflects a different
what-if state of said plan-model. said first graph line
including graph points each representing a different
first factor substitute value and a corresponding goal
variant value for said first goal, said first means also for
interactively moving relative to said first graph line by
selecting by the user of a position relative to a first axis
of said first graph, and determining for a graph point on
said first graph line at the selected position relative to
said first axis the value and position of said graph point
relative to a second axis of said first graph according to
said relationship between said first goal and said first
factor contained in said plan-model, wherein;
each of said first factor substitute values is determined
based on said first factor plan value and a first
magnitude of variation established for the value of
said first factor, said first magnitude of variation
being established based on said first factor plan
value, said variation being in an axis of value varia-
tion determined independently of the axes of value
variation represented by the input and output values
in said initial what-if state of said plan-model, each
of said first factor substitute values is different from
and a replacement for said first factor plan value, said
first factor substitute values differ from any value of
said first factor obtained from said initial what-if
state of said plan-mode] and used in determination of
said first factor substitute values, and said first factor
substitute values differ from any value of said first
factor obtained from the user and used in determi-
nation of said first factor substitute values; and
each of said corresponding first goal variant values is
the value of said first goal using said plan-model
processes with said first factor plan value replaced by
the first factor substitute value to which said first
goal variant value comesponds, and depending on
said relationship between said first goal and said first
factor contained in said plan-model said correspond-
ing goal variant values for said first goal are different
from the plan value of said first goal, differ from any
value of said first goal obtained from said initial
what-if state of said plan-model and used in deter-
mination of said first goal variant values, and differ
from any value of said first goal obtained from the
user and used in determination of said first goal
variant values;
in which graph line information is provided for the relation-
ship between said first goal and said first factor and the value
of said first goal at each value of said first factor for at least
ten values of said first factor differing from any value of said
first factor obtained from said initial what, if state of said
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plan-model and differing from any value of said first factor
obtained from the user.

67. An apparatus, as claimed in claim 66, further includ-

ing:

second means for saving said first graph with an identifier,
wherein upon selection of said identifier said first graph
is reproduced on a display screen and on the repro-
duced said first graph the user can move interactively
along said first graph line to a graph point representing
a factor substitute value of said first factor relative to a
factor axis and said factor substitute value and the first
goal variant value of said graph point moved to are
illustrated, said first goal variant value determined
using said factor substitute value moved to and said
relationship between said first goal and said first factor
contained in said plan-model.

68. An apparatus, as claimed in claim 66, wherein:

said first means includes means for selecting from a
number of graph lines said first graph line to move
along and indicating that said first graph line is selected
to be moved along.

69. An apparatus, as claimed in claim 66, wherein:

said first means includes means for interactively moving
to at least a first graph point on said first graph line by
selecting by the user of a factor substitute value for said
first factor relative to a factor axis and illustrating a
corresponding goal variant value for said first goal of
said first graph point relative to a goal axis in accor-
dance with the relationship of said first goal to said first
factor in said plan-model.

70. An apparatus, as claimed in claim 66, wherein:

said first means includes means for displaying a number
showing the value of said position relative to said first
axis selected by the user and a number showing the
value of said position of said graph point on said first
graph line relative to said second axis determined using
said value of said position relative to said first axis and
the relationship between said first goal and said first
factor contained in said plan-model.

71. An apparatus, as claimed in claim 66, wherein:

said first means includes reference markers illustrating the
position of a graph point moved to along said first graph
line relative to a factor axis and relative to a goal axis
with position relative to one axis being user selected
and position relative to the other axis being determined
using said relationship between said first goal and said
first factor contained in said plan-model.

72. An apparatus, as claimed in claim 66, wherein:

said first means includes means for interactively moving
to a user selected goal variant value of said first goal
relative to a goal axis and illustrating a graph point on
said first graph line representing the goal variant value
moved to and a first factor substitute value of said graph
point relative to a factor axis determined using said
goal variant value moved to and said relationship
between said first goal and said first factor contained in
said plan-model.
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