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TRACING AND STORING POINTS OF
INTEREST ON A GRAPHING CALCULATOR

TECHNICAL FIELD OF THE INVENTION

This invention relates to electronic calculators, and more
particularly to a calculator which allows the user to trace
points of interest on the display and store the points to a list.

BACKGROUND OF THE INVENTION

Electronic calculators have become a common tool for
teaching students mathematics. In particular, the advantages
of graphing calculators are being utilized in the classroom.
Graphing calculators are characterized by a larger screen,
which permits the entry of mathematical expressions in a
logical format. They also permit graph displays and table
displays. They have sophisticated programming capability.
They often permit data transmission to other computing
devices, directly or via a data storage medium, as well as
data collection via various interface protocols. Particular
calculator models are often designed for particular educa-
tional levels. For example, a calculator for middle school
students might have less advanced features than one
designed for older students. However, regardless of the level
for which a calculator is designed, a continual goal in
designing them is to provide a logical and easy to use
interface.

Some prior art graphing calculators could identify inter-
section points between two functions. However, the user
interface for these functions in the prior art was cumbersome
and took some guesswork to find the points of interest (POI)
or intersection points. Further, they were not particularly
helpful in assisting the student to grasp the underlying
mathematical concepts.

SUMMARY OF THE INVENTION

An embodiment of the present invention is a graphing
calculator, which allows the user to easily identify and work
with the intersection points of two or more functions. The
invention uses a “trace” like function that lets the user
quickly jump from one point of interest to the next while
displaying the x and y coordinates. The user interface of the
present invention calculator helps the student to more
readily see and understand the concepts involved with
line/function intersection. Similarly, other embodiments
include the same user interface functionality in a software
application package that is executed on a graphing calcula-
tor.

The calculator in the present invention may otherwise be
a conventional graphing calculator. Namely, the calculator
screen is capable of two-dimensional displays and of dis-
playing at least straight lines in any direction and a cursor.
A key panel has keys at least capable of selecting positions
of the cursor and moving the cursor horizontally or verti-
cally on said screen. A processor is operable to execute
points of interest application programming that instructs the
processor to perform the following steps: Invoke the
Y=Editor and/or the X=Editor displays to define equations,
inequalities and/or vertical lines, graph the defined lines,
select the points of interest display, allow the user to jump
the cursor between intersection points with simple arrow key
commands and store the location coordinates of the cursor at
desired points with a store command.

In an embodiment of the invention the coordinates of the
current cursor location, when at a point of interest or any
other cursor location, can be stored to a list for additional use
or processing.

10

15

20

25

30

35

40

45

50

55

60

65

2

In a further embodiment of the invention, the coordinates
and the function identifiers of the two intersecting functions
are also displayed on the screen for the point at the cursor
location.

In another embodiment, the identifiers for the functions at
the cursor location reflect the inequality of the functions if
either function is a strict inequality, further reinforcing the
mathematical concepts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the front panel of a calculator 10 having
the Points of Interest features of the present invention.

FIG. 2 illustrates the basic steps of using the calculator to
use the Points of interest features in accordance with the
invention.

FIG. 3 illustrates a vertical line entered into the X=Editor.
FIG. 4 illustrates two functions entered into the Y=Editor.

FIG. 5 illustrates the graph of the functions defined in
FIGS. 3 and 4.

FIG. 6 illustrates the graph of the functions defined in
FIGS. 3 and 4 with the cursor at the point X=5 and Y=7.

FIG. 7 illustrates the graph of the functions defined in
FIGS. 3 and 4 with the cursor at the point X=-1 and Y=1.

FIG. 8 show the list for the three intersections points for
the lines in FIGS. 6 and 7.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 illustrates the front panel of a calculator 10, which
has the X=editor features of the present invention. Calcula-
tor 10 is described herein in terms of particular software and
hardware features of the TI-83 Plus, a commercially avail-
able graphing calculator manufactured by Texas Instruments
Incorporated. Apart from the features of the present
invention, many of the features of calculator 10 described
herein are typical of graphing calculators, while other fea-
tures are unique to the TI-83 Plus or to its “family” of TI
calculators. The use of the TI-83 Plus is for purposes of
description, and does not limit the invention. The features
that are the subject of the present invention could be
incorporated into other calculators that provides graphical
displays, or they could be incorporated into other computer
based teaching tools and handheld computers.

In FIG. 1, the screen 11 of calculator 10 has a “graphical
display”, as that term is used herein. In addition to the ability
to draw graphical displays of various types, some of the
software features of calculator 10 include, software appli-
cations loading and storage, keystroke programming. It also
permits data collection, display and analysis.

Various hardware features include a large pixel screen 11,
which is 64x96 pixels. Akeypad 12 has various keys for data
and command entry, some of which are used to implement
the invention and are described herein. Other features are an
I/O port for data linking, a 32K byte RAM and 160K byte
application space, and a unit to unit link cable connection
capability.

As is typical of calculators, calculator 10 has a secondary
function key, 2nd key 12a, which permits other keys to have
two functions. For example, by pressing 2nd key 12a and
then Stat/List key 12b, the user enters the statistical func-
tionality. For simplicity of explanation herein, a key having
two functions is referred to in terms of the function appro-
priate for the context, i.e., when discussing the Stat function,
Stat/List key 12b is referred to as the Stat key 12b. Similarly,
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calculator 10 has an Alpha key 12¢, which when depressed
makes the other keys subsequently depressed to input an
alpha character.

FIG. 2 illustrates the basic steps of using calculator 10 to
trace and store points of interest in accordance with the
invention. FIG. 2 is drawn from the point of view of steps
performed by the user. However, the same steps could be
described in terms of activities performed by the computer.
For example, steps involving entry of data by the user could
also be described as receipt of data by the calculator.

The basic steps described in FIG. 2 are as follows: Invoke
the Y=Editor and the X=Editor displays to define equations,
inequalities and/or vertical lines, graph the defined lines and
any appropriate shading, select the points of interest display
screen, allow the user to jump the cursor between intersec-
tion points with simple arrow key commands and optionally
store the location of the cursor at desired points with a store
command. These steps are further described herein below.

FIG. 3 illustrates an example of the screen display for an
X=Editor. The X=Editor is the subject of a co-filed,
co-owned application. In the top left hand corner of the
X=Editor display, the symbol “Y=" functions as a switch to
toggle the display to the Y=Editor display. Similarly, when
the display is showing the Y=Editor, the symbol “X=" is
shown in this position.

The X=Editor display includes several X, lines, which
allow the user to input vertical lines with equations and/or
inequalities. Each X, line initially has the format of “\X =",
where n is a number between 1 and 6. The symbol preceding
the “X”, initially a “\” symbol, represents the line type and
inequality shading. The “=" symbol is in the position after
the “X,,” and can be replaced with an relational symbol as
described below.

FIG. 4 illustrates an example of the screen display for a
Y=Editor. The Y=Editor is similar to the X=Editor described
above. The Y=Editor lets the user define functions in terms
of X. The functions may be activated for graphing by
selecting and highlighting the inequality symbol.

When the cursor is moved to the position of the relational
symbol for any X,, the available relational symbols are
displayed on the last line of the display as shown in FIG. 4.
The user is then able to change the symbol for the cursor
location by pressing the alpha key followed by the key
directly below the desired symbol on the display. When the
relational symbol is selected the corresponding line type
may be set to graph the inequality or line.

FIG. 5 illustrates a display screen of functions and lines
described in the Y=Editor and X=Editor of FIGS. 3 and 4.
This display is a result of the user pressing the graph key
after defining the lines and functions in the X=Editor and
Y=Editor as described above. At this point, in the illustrated
embodiment, the user is given options at the bottom of the
display to either show the inequality shading or to choose the
points of interest (POI) trace function.

FIG. 6 illustrates the POI trace function when the user
selects this function from the screen shown in FIG. 5. The
display includes the graph of the functions and lines defined
by the user and described in the previous paragraphs. In a
preferred embodiment, the display further includes a cursor
showing a point of interest (POI) for the described functions
and lines. A point of interest is an intersection point of any
combination of solid and dotted lines. Note, a dotted line is
the equality line related to the strict inequality. For example,
the intersection of lines X<5 and Y=2 is as the point (5,2)
despite the fact that X=5 is not a member of the inequality
X<5.
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In another embodiment, the display further includes a
display of the coordinates for the current POIL. In the shown
embodiment, the POI coordinates are shown as “X=5" and
“Y=7". In yet another embodiment, the present invention
includes a representation of which function or lines are
contributing to the current POI shown by the cursor. In FIG.
6, the POI displayed is the intersection of Y1 and Y2, which
is represented in the upper left of the display by Y1 and Y2
with the mathematical intersection symbol. This symbol is
preferably used when mathematically correct according to
the chosen functions. Thus if a strict inequality is defined,
where the line is not technically part of the solution, then the
display would not use the intersection symbol but could
show something such as “Y1, Y2”.

FIG. 7 illustrates another POI trace function display. This
display is a result of the user pressing an arrow key subse-
quent to the display shown in FIG. 6. The cursor jumps from
the location (5,7) to (-1,1) as the next point of interest. Thus,
advantageously over prior art, the user can quickly move
from point to point with each activation of an arrow key or
the like. This feature is called the tracing function.

The tracing function is a convenient feature to move the
cursor to the intersections of the various functions involved
in defining the system of inequalities. It is preferable to trace
to all such points of intersection regardless of whether the
intersection occurs on the boundary of the region satisfying
all the inequalities.

The tracing function employs an algorithm to control the
movement of the cursor to the intersection points in the
tracing function. In a preferred embodiment, when the POI
Trace is enabled, the algorithm begins with an intersection
between the first and second active inequalities, usually the
point of intersection between Y1 and Y2. Then, by using the
up and down arrows, the first inequality is selected from
those available, the left and right arrows then traverse the
other active inequalities. In each case a point of intersection
is computed.

On a graphing calculator, the algorithm does not make use
of any computer algebra, so intersection points are com-
puted numerically using a numerical root-finder such as the
one built in the TI-83 calculator. This requires both upper
and lower bounds on the solution and an initial guess. The
upper and lower bounds can be taken as XMIN and XMAX
for the graph window, and the initial guess can be taken as
the current cursor position. Intersections with vertical (X=)
inequalities are more easily obtained by evaluating the Y
inequality at the value of X indicated by the vertical inequal-
ity.

In the nonlinear case there may be many intersections
between two specified curves defining inequalities. The
algorithm provides for finding one of these points of inter-
section. If other points are desired, the calculator’s built-in
root-finder can be used as it allows the user to set the initial
guess close to a desired point of intersection.

In the previous embodiment all intersection points were
considered “points of interest.” In another embodiment,
which is restricted to linear inequalities, the “points of
interest” are more limited. In this case, the solution set to all
the inequalities is called the “feasible region” in the termi-
nology of Linear Programming. In the 2D case (our case),
this region is polygonal. An initial feasible comer point of
the feasible region can be found using standard Linear
Programming techniques or even by trial-and-error. For any
given comer point the Simplex Algorithm provides the
means to identify the inequalities that determine it.
Subsequently, using the Simplex Algorithm with an objec-
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tive function that is selected to be perpendicular to a given
side of the feasible region, which we now refer to as the
“current” inequality, an adjacent corner can be found. In this
way, choosing to minimize or maximize and choosing an
appropriate objective function for each side, it is possible to
traverse the corners of the feasible region in clockwise or
counter-clockwise order by iterating the Simplex Algorithm
until it reaches another intersection involving the current
inequality. The algorithm then restarts from there. For corner
points involving three or more inequalities, only one choice,
besides the previous inequality, will define the edge of
feasible region. Fortunately, the Simplex Algorithm will
terminate immediately in the event that the wrong inequality
has been chosen. The net effect of this algorithm is to allow
tracing around the boundary of the solution set to system of
linear inequalities. This is done clockwise or
counterclockwise, as desired, visiting all corner points.

FIG. 8 illustrates a display screen for the list function
according to another embodiment of the present invention.
The list captures the x and y coordinates for cursor locations
that were stored to the list by the user. The user operates the
trace function to move the cursor to one or more POI and
then presses the “store” key 12g to record the current x and
y coordinate of the cursor to the list. The list is preferably a
first column containing the stored x coordinates adjacent to
a second column containing the y coordinates. Additional
columns can be used to store other data related to each
coordinate pair during subsequent processing and use of the
list.

Other Embodiments

Although the present invention has been described in
detail, it should be understood that various changes,
substitutions, and alterations can be made hereto without
departing from the spirit and scope of the invention as
defined by the appended claims.

What is claimed is:

1. A graphing calculator having a points of interest user
interface comprising:

a screen capable of displaying at least straight lines in any

direction and a cursor;

a key panel having keys at least capable of selecting
positions of said cursor and moving said cursor hori-
zontally or vertically on said screen;

a processor programmed to provide the points of interest
user interface having the following steps:

a) providing an input display to allow the user to define a
plurality of equations, inequalities and vertical lines,

b) providing a points of interest display screen,

¢) displaying graphs of the defined equations, inequalities
and vertical lines on the points of interest display
screen, and

d) jumping the cursor between points of interest, com-
prising intersection points of the graphs on the points of
interest display screen, in response to a single key
command.

2. The graphing calculator of claim 1, wherein said
processor is further programmed to store the location of the
cursor at points of interest with a store command that
comprises a single key stroke.

3. The graphing calculator of claim 2, wherein said
processor is further programmed to allow the user to display
the stored points of interest and use the stored points of
interest for other calculator functions.

4. The graphing calculator of claim 1, wherein said
processor is further programmed to input equations,
inequalities and lines using a Y=Editor and an X=Editor.

10

15

20

25

30

40

45

50

55

60

65

6

5. The graphing calculator of claim 1, wherein said
processor is further programmed to provide an indication on
the points of interest display screen of current coordinates of
the cursor.

6. The graphing calculator of claim 1, wherein said
processor is further programmed to provide an indication on
the points of interest display screen of which equation,
inequality or vertical lines contributed to the point of interest
indicated at the cursor location.

7. The graphing calculator of claim 6, wherein the indi-
cation on the points of interest display screen of which
function or vertical lines contributed to the point of interest
indicated at the cursor location includes an intersection
symbol for equations that include the line and does not use
the intersection symbol for strict inequalities.

8. A graphing calculator having a points of interest display
comprising:

a screen capable of displaying at least straight lines in any

direction and a cursor;

a key panel having keys at least capable of selecting
positions of said cursor and moving said cursor hori-
zontally or vertically on said screen;

a processor programmed with points of interest program-
ming to perform the following steps:

a) providing an input display to allow the user to define
equations and vertical lines,

b) displaying graphs of the defined equations and vertical
lines on the points of interest display,

¢) jumping the cursor between points of interest compris-
ing intersection points of the graphs on the points of
interest display screen, in response to a single key
command which moves the cursor to another point of
interest with each key activation, and

d) storing the location of the cursor at points of interest in
response to a store command.

9. The graphing calculator of claim 8, wherein said
processor is further programmed to allow the user to display
the stored points of interest and use the stored points of
interest for other calculator functions.

10. The graphing calculator of claim 9, wherein said
processor is further programmed to provide an indication on
the points of interest display of the current X and Y
coordinates of the cursor.

11. The graphing calculator of claim 10, wherein said
processor is further programmed to provide an indication on
the points of interest display of which function or vertical
lines contributed to a point of interest indicated at a current
cursor location.

12. The graphing calculator of claim 11, wherein the
indication on the display of which function or vertical lines
contributed to the point of interest indicated at the cursor
location includes an intersection symbol for equations that
include the line and does not use the intersection symbol for
strict inequalities.

13. The graphing calculator of claim 8, wherein said
processor is further programmed to execute an algorithm to
compute intersection points using a numerical root-finder
which uses XMIN and XMAX for a graph window as the
upper and lower bounds on the solution and the initial guess
taken as a current cursor location.

14. The graphing calculator of claim 8, wherein said
processor is further programmed to execute an algorithm to
compute intersection points of linear inequalities to find
points of interest around a boundary of a solution set to the
linear inequalities by iterating a Simplex algorithm.

15. Amethod for providing a user interface for a graphing
calculator having the following steps:
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a) providing an input display to allow the user to define a

plurality of equations, inequalities and vertical lines,

b) providing a points of interest display screen,

¢) displaying graphs of the defined equations, inequalities

and vertical lines on the points of interest display
screen, and

d) jumping a cursor between points of interest comprising

intersection points of the graphs on the points of
interest display screen, in response to a single key
command.

16. The method of claim 15, further comprising the step
of storing a location of the cursor at points of interest in
response to a store command that comprises a single key
stroke.

17. The method of claim 16, further comprising the steps
of:

a) displaying points of interest at the stored locations, and

b) using the stored locations of points of interest for other

calculator functions.

18. The method of claim 15, wherein said step of pro-
viding an input display further comprises providing an input
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display to input equations, inequalities and lines using a
Y=Editor and an X=Editor.

19. The method of claim 15, further comprising the step
of providing an indication on the points of interest display
screen of which functions or lines contributed to a point of
interest indicated at a cursor location.

20. The method of claim 19, wherein the indication on the
points of interest display screen includes an intersection
symbol for equations that include the line and does not
include the intersection symbol for strict inequalities.

21. The method of claim 15 further comprising the step of
executing an algorithm to compute intersection points using
a numerical root-finder which uses XMIN and XMAX for
the graph window as upper and lower bounds on the solution
and an initial guess taken as the current cursor position.

22. The method of claim 15 further comprising the step of
executing an algorithm to compute intersection points of
linear inequalities to find points of interest around a bound-
ary of a solution set to linear inequalities by iterating a
Simplex algorithm.



