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This invention generally relates to method and

apparatus for assisting a user in the process of solving
5 multiple equations sharing common variables. More
particularly, this invention relates to a method for
representing to a user the state of variables in multiple
equations to be solved.
The ability to solve an equation for an unknown

10 is a powerful tool of newer computing devices such as
calculators and computers. When such a tool is applied to
an actual problem, the problem is often best represented
as a set of multiple equations. For simple problems with
few equations and variables, a user chooses one equation,

15 puts in values that he knows and solves for an unknown.

He then use: the result of the first equation to solve for
an unknqwn 4in. a second equation and so forth. Ultimately
thls solution process leads to a value for a particular
varlable cf 1nterest.

20 aa 7 Fcr qpre complex problems, however, the number of
equations and variables to be determined is large and the
solution process becomes tedious. The user must keep
track in:.each-step.for.each:variable whether it is known,
unknown, -or- célculated.' It also becomes difficult to

25 select the propér*equatlon ln -sequence to lead to a value
for the desired varlable.= And once the solution is
compiete, it is dlfflcult to 1dent1fy which variables have
related values and which- do not.

Prior attempts to solve the difficulties of

30 equatlon selection, varlable tracking and variable
1dent1f1catlon have 1arge1y been manual in nature. Some
have employed numerical root flnders for the actual
solving:operation for each-equation. Others have employed
calculator or computer-based methods that automate the

35 select-and-solve portion. But none of these prior
attempts has provided a user with a visual indication of
the state of a variable and its relationship to the other
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SUMMARY OF THE INVENTION
5 An object of the invention, therefore, is to
provide a method and apparatus for solving multiple
equations which overcome the drawbacks of prior
approaches.

A second object of the invention is to create a

10 user interface that allows a user to easily enter known
variables and solve for unknown variables.

A third object of the invention is to provide a
visual indication to a user of the relationship among
variables in multiple equations.

15 'In accordance with these objects, a method of
representing to a user the state of variables in multiple
equations is disclosed. In the method, each of the
multiple equations is scanned to find the variables in the
equations. Each variable is then assigned a data entry

20 point such as a key on a keyboard. A label for each
variable is then displayed, and indicated on the label is
the state of its variable. In the present embodiment, the
state of a variable represented by a label is indicated by
the color and pattern of the label. _

25 In accordance with the invention, the order in
which the variables are found and in which the equations
are solved is determined. This information allows the
user to review the solution path followed in solving the
multiple equations.

30
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a pictorial view of a calculator as one
embodiment of apparatus programmed according to the
invention. - '
35 FIG. 2 is a block diagram of the architecture of

the calculator of FIG. 1.
FIG. 3 is a series of screen displays
lllustratlng a ‘user interface accordlng to the invention.
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state of a variable and it grc atdpUisiPe 1 9otB8cALNBE a flowchart
| illustrating the overall method of solving for variables
in multiple equations in accordance with the invention.
FIG. 5 is a flowchart of a method for determining
5 if an equation within the multiple equations at a given
point may be solved. '
FIG. 6 is a flowchart of a method for solving an
equation within the multiple equations.
FIG. 7 is a flowchart of a method for displaying
10 to a user the state of each variable within the multiple
equations.
- FIGS. 8A-D illustrate how variables and equations
are stored in memory according to the invention.

15 BRIEF DESCRIPTION OF A PREFERRED EMBODIMENT
The Apparatus
| FIG. 1 shows a calculator 20 which is programmed
to solve multiple equations according to the invention.
The hardware and architecture of the calculator 20 (shown
20 in FIG. 2) may be of conventional design.” The calculator
includes an entry means such as a Keyboard 22 and a
display means such as an LCD display 24. On the face of
the keyboard are a plurality of keys that each have a
number of functions. Relevant to the present invention
25 are several of the keys that have unique-functiéns. A
LIBRARY key 26 is used for activating a multiple equation
solver menu interface in a shifted operation. The shift
is accomplished by first pressing the left shift key 28.
Other keys of note include a right shift key 30, a NXT key
30 32, and a row of menu keys 34. In response to activating
the solver menu, the menu keys are assigned to labels 36
that appéar at the bottom of display 24, as will be
further described hereafter.
The architecture of calculator 20 includes a
35 central processing unit (CPU) 38 to which are connected
via various buses the keyboard 22, the display 24 and
memory in the form of ROM 42 and RAM 44. The instructions
for operating the CPU are written and stored in the ROM 42
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i nvention, therefore, is to provide a nethod and apparatu Tiﬁﬂr
“ mulsti pl e equati ons which overcone the drawbacks of prior FJimIL
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user to easily eHEE MM variabl es and sol ve*f or unknown vari abl es.
third object of the invention is to provide a
in a conventional manner. The RAM 44 is available for
storing data entered via the keyboard 22 and generated by
the CPU 38 in the process of solving multiple equations
according to the invention.
5 Of course, any equivalent calculating device may
be used, such as a general purpose computer. Equivalent
to the keyboard would be any data entry device such as a
mouse. Equivalent to the LCD display would be any type of
display device such as a CRT, hard copy device, etc.
10 |
The Multiple Equation Solver

The method of the present invention solves
multiple equations for one or more variables and indicates
to the user the state of the variables in the equations '

15 after each solution. These states are four: user-supplied
values (U); machine-supplied values (C); related values
(R) ; and non-related values (N). Related values are
values that were used or found together in the latest
solution of an equation. To assist a user in identifying

20 the states of different values, a user interface as shown
in FIG. 3 is provided.

FIG. 3 is a series of screen displays
illustrating the user interface as it appears on the
display 24. The top screen display shows a list of two

25 equations to be solved, VCONE and LCONE. 'The equations on
the list may either come from a library of standard
equations or be entered by the user separately. The next
screen display shows the entry of two user supplied
values, five for the variable R and twélve for the

30 variable L. These variables are considered "known." At
the bottom of the display 24, a row of labels 36 then
appears, .one label for each variable in the multiple
equatiors. If more variables existed than could be shown
in a single row, additional rows are created and can be

35 brought into display by pressing the NXT key 32. The
labels are assigned to menu keys 34 for selecting which
variables are to be found in solving the equations. The
background color of the label indicates the source (state)
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the col or and patter n accordance wth the invention, the

order in background, as for labels L and R, indicates that the

value is user-supplied. A white background, as for labels
V and H, indicates that the value is or will be machine

5 (calculator) supplied. These variables are considered
"unknown" until a value is calculated for each. The last
label in the row is ALL and is selected for finding all
the unknown variables. Thus in this example the user has
the option of finding the values of H or V individually by

10 pressing the assigned menu key or as a group by pressing
the key 34 assigned to ALL.

| " The third screen display shows additional
indicators on the labels 36 for indiqating whether the
values of the variables are related through the solving of

15 the equations. That is, the indicators, which appear as
black or white boxes within each label, indicate whether
the variable was involved in the latest solution of the
equations. Black boxes in a white label indicate the
variable was calculated. White boxes in a black label

20 indicate the variable was used. If a variable label does
not have a black box in the third screen display, then the
variable's value was not recently calculated or played no
role in solving the equations. ' For example, if it is

~ desirable to find only the value of the variable H, this

25 can be done by employing only the equation LCONE. The
variable V is not invelved, and its label would not
include a box after the computation. This tells the user
that the value of V is not related to the values of the
other variables.

30 . The last screen display shows the values found
for each variable. L and R were: user supplied and thus
are considered known. V and H were solved for using the
supplied values for L and R and the two equations LCONE
and VCONE. Table I, below, summarizes the key action,

35 1label appearance and effect on variable state for the
interface:
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Variable State/

Key Definition Appearance/Action State Abbrev.
1 User-supplied values Black key label U
; .. Calculator-supplied values White (outline) key label c
R o Related values Block in menukey label R
: o Non-related values No block in menukey label N
menukey action Store value in var

left-shift menukey action Solve for var
right-shift menukey action Recall var

Blank memkeys White (outline) keys

ALL key Sets all keys to CN

left ALL Starts entire solution

right ALL Shows review of solution
Table I

The method of the present invention of
representing to a user the state of a variable in multiple
equations to be solved in particularly described in the
pseudocode that appears in Appendix I. A more general
5 description of the method is illustrated in the flowcharts
of FIGS. 4-7, which will now be described. Each step of
the method as it appears in a flowchart is indicated

herein by an identifying numeral in parentheses.
FIGS. 4A-B are portions of a flowchart
10 1illustrating the overall method for solving for variables
in multiple equaﬁions. The beginning of the flowchart
'corresponds to the second screen display of FIG. 3,
wherein the user supplied variables have been entered
(50). The user first decides whether a specific variable
15 or all of the variables is to be found (52). If only a
specific variable (such as V in FIG. 3) is the object,
then that variable is deleted from the found_name_list (if
it were on it), because its value is to be found
regardless of whether the user sﬁpplied a value (54). The
20 equations are then checked to see if there are any known
variables (56), and if not, an error signaling that there
are too many unknown variables is displayed (58).
Following is a check to see if there are any unknown
variables (60), and if not, another error signaling that
25 there are no unknown variables to be found is displayed
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mul tiple equations in accordance with the invention. FIG
of ;a method for determining if an equation within the rrultﬂ“m”mn;mm ﬁ
a given point may be solved. FIG 6 is a flomchgrt of a nme
an equation withi B PREEMPPMpl e equations. FIG 7 is a flowhart of a
met hod for displaying to a user the state of each variable within the
nultiple (64) . Assuming no error signal, the method checks again
if it is solving for all unknown variables (66).
For the case where only a specific variable is to
be found, the method scans the list of multiple equations
5 for an equation containing only the desired unknown, such
as V (68). If such an equation is found to exist (70),
the equation is solved (72). The result for the variable
is then stored and displayed (74) and the menu of FIG. 3
indicating the state of each variable in the multiple
10 equations is displayed (76). The process for solving an
equation is illustrated in FIG. 6 and the process of
displaying the menu is illustrated in FIG. 7, both of
which are described hereafter. '
If no equation is found that contains only the
15 desired unknown (68), then the method proceeds as though
all variables are to be found, as shown at the bottom of
FIG. 4A, which continues onto FIG. 4B. A counter i is
then initialized for solving each of the equations on the
list (78). The first equation is retrieved (80) and
20 examined to determine if it is solvable (82). FIG. S5
illustrates the process for determining if the ith
equation is presently solvable and is described hereafter.
If the equation is solvable, then it is solved (84). with
the equation solved, the method checks if all unknown
25 variables are to be solved for (86). If not, it is then
determined if the variables to be found have all been
found (88). If so, then the variables are stored and
displayed (90) and the menu indicating the state of each
variable is also displayed (92). If there are other
30 variable to be found at step (88), then the found variable
is added to list of variables than need not be found (94),
the i counter is incremented (96) and the next equation is
retrieved from the equation list (80).
Returning to step (86), if all unknown variables
35 are to be solved for, the method checks if the present
variable is the last unknown (98). If so, then the
solutions are complete and the menu is displayed (92). If
there are other unknown variables still present, however,
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equation on the list (100). If not, then the variable is

added to the list of variables that have been found (94).
If, on the other hand, this is the last equation on the

5 1list, then the method inquires whether any variables were
found on this pass through the i loop (102). If yes, then
the i counter is reinitialized and the process repeats
(78). If no variables are found on this pass, then the
method determines if it is solving for a single variable

10 or if no variables were found at all when solving for all
variables (104). If so, then there are still too many
unknown variables (106), and the error is signaled to the
user. If not, then all variables have been found that can
be found,and the menu indicating the state of each

15 variable is displayed (108).

Referring now to FIG. 5, determining whether the
ith equation is solvable begins by initializing a counter
j for the variables in the equation (110). The variable
is then examined to determine if it needs to be found,

20 i.e., if it is an unknowh (112). If it is, the ith
equation is examined to determine if there are other
unknown variables present in the equation (114). If that
is the case, then the ith equation presently is not
solvable (116), answering the question in the negative

25 posed in step (82). If the ith equation has only the one
unknown (114) to this point, then it must be determined if
the jth variable in the ith equation is the last to be
examined (118). If so, then the ith equation is deemed
solvable (120), answering the question in the affirmative

30 posed in step (82). If the variable is not the last in

_the ith equation, then the counter j is incremented (122)
to the next variable and step (112) is again undertaken.
If the jth variable need not be found, because it may have
been user-supplied or not requested, then the method

35 branches to step (118) and proceeds as described above.

The step of solving an equation which appears in
FIG. 4A as step (72) and in FIG. 4B as step (84) is shown

> in_detail in FIG. 6. Any preexisting relationship among
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from an earlier solution where the value of one variable

was determined from values of one or more others. A root

5 finder algorithm is then utilized to find a value for the

unknown variable (134). Such algorithms are well known in

the art, such as described in U.S. Pat. No. 4,845,652,

which is hereby incorporated by reference. The state of

the unknown variable is then set to "calculator supplied"
10 and "solved for" (CR) in the present equation (136). The

states of the other variables in the equation are then set

to "used in the solution" (UR) (138). This_Cdﬁpletes the
equation solving step, and the overall method proceeds
therefrom. |

15 The step of displaying the variable menu, which
appears in FIGS. 4A and 4B, is shown in detail in FIG. 7.
The variable counter k is first initialized (140) and the

state of the first variable is examined to determine if it

is "user-supplied" (142). If so, then the kth variable is
20 examined to determine if it was used in the solution of
the equation(s) (144). If the variable was used in the
solution, then a black label with a white block
(indicating that state) is displayed above the menu key 34
assigned to the label (146). If it was not used in the
25 solution but was user-supplied, a black label (indicating

that state) is displayed above the menu key 34 assigned to

the variable represented by the label (148). In either

case, the process then checks if there are other variables

in the equations to be displayed (150) and, if so,
30 increments the variable counter k (152).
Returhing to step (142), if the variable is not
"user-supplied," then it is examined to determine if it
was "solved for" in the solution to the equation (154).

If not, then the variable was not involved in the solution
35 process. This may occur where the user has sought to find

only specific variables rather than all of those present
in the list of equations. 1In this case, a white label
N ' (indicating that state) is displayed above the menu key 34
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type of .assigned to the variable represented by the label (156).
If, on the other hand, the variable was "solved for," then
a white label with a black block (indicating that state)
is displayed above the menu key 34 assigned to the
5 variable represented by the label (158).

FIGS. 8A-D illustrate functionally how the
variables and equations are stored within the calculating
device. 1In FIG. 8A, each variable is stored with its
value, name, and state, with the variables shown in FIG. 3

10 entered for example. These states, as mentioned above,
are four: user-supplied values (U); calculator-supplied
values (C); related values (R); and non-related values
(N). The first column under "user-supplied" is for
indicating whether the variable was user supplied. The

15 second column is for indicating whether the user-supplied
variable was used in the last solution to the equations.
The first column under "calculator supplied" is for
indicating if the value was calculator or machine
supplied. The second column is for indicating whether the

20 calculator supplied variable was solved for in the last
solution to the equations. The actual representation of
this information in memory, of course, may be quite
different from the illustration.

FIGS. 8B and 8D illustrate how the orders of

25 solution of the variables and equations are saved in
memory for later examination by a user. The values found
for unknown variables may differ, depending on the order
in which the root finder solves egquations. As part of the
method for solving the multiple equations herein, the

30 orders in which the variables are found and equations
solved are saved and may be recalled by the user through
appropriate commands to the calculating device. The order
shown is chronoldgical, though other orders may be used as
well. This information on orders of solution allows a

35 user to determine the path taken by the multiple equation
solver in solving the equations.

FIG. 8C illustrates a register within the
calculating device for tracking the ith equation and jth



di spl ay device such as a CRT, hard copy device, etc. The Miltiple Equation
Sol ver’ The nethod of the present invention solves nultiple equations for

one or nore variables and indicates to the user the state of the variabl es
in.the equations after each solution. These states are four: user-supplied

val ues (U); machi ne-sSu ::éo?d values (C); related yalues (R); and
non-rel ated val uet ?NWEP Er At ed val ues are val Ues that. were used or found
together in the |atest solution of an equation. To assist a user in _
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FIG 3 is provided. 3 1s a series of screen dl%plays , .
variable is stored in its order of soclution, as shown 1in
FIGS. 8B and 8D. .
Having illustrated and described the principles
5 of the invention in a preferred embodiment, it should be
apparent to those skilled in the art that the invention
can be modified in arrangement and detail without
departing from such principles. We claim all
modifications coming within the spirit and scope of the

10 following claims.
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illustrating the user interface as it appears on the display 24. The top
screen_di Splay shows a list of two equations to be solved, VCONE and LCONE.
The ‘equations on the list may either corme froma library of standard
~equations or be entered by the user separately. The next screen display

. shows the entry ofe dowRetSREasuUppl i ed val ues, -fhge-for the variable R and
twelve for the variable L. These vari abl es are consi dered "known." At the

' bottom of the display 24, a row of |abels 36 then appears, one |abel for

i each variable in the multiple equations. If nore variabl es existed than

- could be shown in a single row, additional égggoi%eIcreated and can be

brought i nto di sphgy Bk sBHeSSdikddie NXT Ke

*Nomenclature:

var_list is the list of all variable names for the eqn

system

user-supplied list is the list of variable names with U
status

var_to_find is the var to be found by a single-var
solution

found name_list is the list of variable names that have
been “found by the MES

unknown-var is the name of the single unknown in a

solvable egn

newly found value is the result of calculating unknown_var

number of eqns is number of eqgns

number _of _eqn_vars is the number of vars in the eqgn being
examined for solvablllty

total newly_ found is the total number of variables

calculated in the eqn system

newly found_this pass is the number of values calculated

during this pass of the solution

solution indicates a 51ngle-var solution or an all-vars
solution

R->N_done indicates if all the R states were made into N
states

if left-shift ALL pressed
then solution all
else solution single
endif '
if solution = all
then found name_list = user-supplied_list
else found name_ “list = user-supplled list - var_to_ find
endif
number_ found = lenqth(found name_list)
if number found = 0
then
dlsplay "Too Many Unknowns"
dlsplay menu and quit
endif
number_vars = length(var_list)
if number found = number vars
then
display "All Variables Known"
display menu and quit

endif
iﬁéiolution = single , _~—~—~i;;;;;;;;:;;;ﬂ
s et "l

get eqn(l)
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| abel s are a55|gned to menu keys 34 for selecting which variables are to be
f ound ﬁn solving the equations. The background col or. of the | abel indicates
t he source (g&q%gkn. sgsgDstitute sheet --71dby 1997 of the value of the
associ ated variable. A black background, as for labels L and R, indicates
that the value is user-supplied. A white background, as for labels V and H,
i ndi cat es t hat thffVéJ;ﬁQll)Ss@lWH]]e be machi (detezmdnleat AnknvuiPvagd. These
vari abl es are conghéared "unknown" until a value is calcul ated for each.
The | ast if unknown var = var_to_find
then
solve_egn(egn(i) ,unknown_var)
store and dlsplay newly found _value
number_found = 1
dlsplay menu and quit
endif
endif
next i
if number_found = 1
then display menu and qult
endif
endif

number_ found = length(found name_ list)
newly found_this pass = 1
total newly found = 0

- while newly found this_pass > 0
newly found_this pass =.0
for i=1 to number of_egns
get eqn(i)
iﬁ eqn(i) solvable ' (determines unknown_var)
en :
solve_eqn(eqn(i),unknown_var)
if solution = sxngle and unknown_var = var_to_find
then
store and display newly found value
display menu and quit
endif
number_ found = number_ found + 1
if number_ found = number vars
then display menu and qult

endif '
found_name_list = found name_list + unknown_ var

total_newly found = total newly found + 1
newly found_this_pass = newly_found _this_pass + 1
endif
next i
endwhile

if solution = single or total newly_ found = 0
then
display "Too Many Unknowns"

display menu and quit
endif

*Additional Details
if egn(i) solvable

*This determines if the equation is solvable (has only one

*unknown)
_—
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| abel in the rowis ALL and is selected for finding all the unknown
variables. Thus in this exanple the user has the option of finding the
val'ues of Hor Vindividually by pressing the assigned nmenu key or as a
group by pressing the key 34 assigned to ALL. The third screen displ ay

. shows additional indicators on the |abels 36 L r indicating whether the

~ val ues of the vaFiRa5KES %1% related through t g Sol ving of the equations.

. That is, the indicators, which appear as black or white boxes within each

| abel , indicate whether the variable was involved in the |latest solution of
t he equati ons. Eggﬁg aB9xes ip white | abel indicate the variable was

cal cul at ed. V%Itﬁh Béfsofnuﬁk @ﬁg LanI

for j=1 to number_of_ eqn_vars

if pos(found_ name Iist, var(j)) = 0
then (var(j) is unknown)
number_of unknowns - number_ of_ unknowns + 1
else
if var(j) does not exist (var(j) is known but
erased)
then
number_ of_unknowns = number_ of_ unknowns + 1
endif
endif
if number_of_ unknowns > 1
then
solvable = FALSE
done -
endif _
unknown_var = var(j)
next j

- solve_eqn(eqn(i) ,unknown_var)

*This handles prompting and state changes while solving an
*equation for a specific variable.

if R->N_done = FALSE
then
set all R -> N
R->N_done = TRUE
endif '
display "Solving for unknown_var"2
newly found_value = solve(eqn(i), unkncwn _var)
set unknown var to CR
set UN vars in eqgn(i) to UR

newly found_value = solve(egn(i),unknown_var)

*This routine feeds the root finder the equation being
solved, *and the name of the unknown variable
(unknown_var) .

*If unknown_var exists, its value should be supplied as a
guess. : '

*This may be a real or unit object, or a list of 1 or 2
reals or *unit objects.

*If unknown_var does not exist, 0 should be used as a
guess to *the root finder. -

display menu . This Sheet Has Been Reﬂlaced
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i ndicate the variable was used. |If a variable |abel does not have a bl ack
box in tHe third screen display, then the variable's value was not recently
calculated or played no role in solving the equations. For exanple, if it
is.desirable to find only the value of the variable H, this can be done by
enpl oyi ng only the uation LCONE. The variaﬁ%e V is not involved, and its
~ | abel woul d not® ‘%ﬁé?ﬁ“box after the compdfation. This tells the user
i that the val ue of Vis not related to the val ues of the other vari abl es.

vere User Suppl AARLRH AT b b N HEbed  aaREey U AL pefh-carDeatpy

using the

for k = 1 to number_vars
get state(l)
if state(k) = user-supplied

then (U means user—supplled)
if state(k) = used in solution (R means relatlonshlp
exists)
| then
: key label is black with white block
else (N means no relationship exists)
key label is black with no block
endif
else (C means calculator supplied)
if state(k) = solved for (R means relationship
exists)
then
key label is white with black block
else _ (N means no relationship exists)
~ key label is white with no block
endif
endif

next k

_’____~_-___~___-__
heet Has Been Replaced
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supplied values for

bel-aw, ":

state for the interface:

S

Calculator-supplled Val ues Wite (outllne) key | abel
Bl ock i n nenukey | abe

i val ues

10

15

20

25

30

35

and data

L and R and the two equations LCONE and VCONE. Table I,
ey action,

| abel appearance and effect on variable
Substitute sheet - 7 May 1997 Variable

pear ance/ Acti on Thﬁlslliiﬁt?ﬁi@&bhﬁm
We claim:

Ap
Bl ack key |abel 3¢ -
1. In a calculating device including a display
entry means, a method of répresenting to a user

-6 -

the state of variables in multiple equations to be solved,
comprising:

scanning each of the multiple equations to find

variables within the equations;

the data

variable.

C 2.

state of
variable

state of
variable

state of
variable

assigning to each variable a data entry point for
entry means;

displaying a label for each variable; and
indicating with each label the state of its

The method of claim 1 wherein the indicated

a variable includes whether the wvalue of the

is supplied by the user.

3. The method of claim 1 wherein the indicated
a variable includes whether the value of the

is supplied by the calculating device.

4. The method of claim 1 wherein the indicated
a variable includes whether the value of the
was involved in the last solution to the multiple

equations.

state of
variable
multiple

state of
supplied
multiple

state of
supplied
multiple

indicated
of the
to the

S. The method of claim 1 wherein the
a variable includes whether the value
was not involved in the last solution
equations.

6. The method of claim 1 wherein the
a variable includes whether the value

indicated
of a user-
variable was used in the last solution to the
equations.

7. The method of claim 1 wherein the indicated

a variable includes whether the value of a user-
variable was not used in the last solution to the

‘equations.

8. The method of claim 1 wherein the indicated

state of a variable includes whether the value of a
calculating device-supplied variable was solved for in the
last solution to the multiple equations.



hbn;rglated val ues No bl ock in nenukey | abel : N nenukey
actiori, Store value in var |eft-shift nmenukey actlon Sol ve for

var right-shift nmenukey action Recall var Bl ank nenkeys This Sheet Has B
(out Im “ﬁm Hmlt“ Sets all keys to cmm lmlmmﬁ
StartH H H 'right ALL - 17 - Shows revi

Tabl e + The urettho8 of the present invention of representing to a user the

state of a variable in nultiple equations to be solved in particularly .
described in the pseudocede timd mgftesd SofncAapandi whiereimutlee gindiabted

state of a variable includes whether_the value of a

calculating device-supplied variable was not solved for in
the last solution to the multiple equations. |

5 10. The method of claim 1 including defining a
value for a variable by selecting a value and then
selecting the data entry point to which the variable is
assigned, the label for the variable indicating in
response that the variable value is user supplied.

10 11. The method of claim 1 wherein the data entry
means comprises a keyboard and a data entry point
comprises a key on the keyboard.

12. A calculating device comprising:
a display; '

15 ' a data entry means for entering multlple
equations that include variables and for entering values
for the variables into the device; N

means for scanning each of the entered multiple
equations to find the variables within the equations;

20 means for assigning a data entry point to each
variable;

means for displaying a label for each variable;
and ' _

means for indicating with each label the state of

25 1its variable. |

13. The calculating device of claim 12 wherein
the assigning means comprises a processing means within
the device prbgrammed to assign a data entry point to each
variable extracted from the multiple equations. '

30 14. The calculating device of claim 12 wherein
the scanning means comprises processing means within the
.device programmed to read the multiple equations entered
into the device. _

15. The calculating device of claim 12 wherein

35 the displaying means comprises processing means within the
device programmed to cause the display to display a row of
labels adjacent to a row of data entry points to identify

- the variable assigned to each key.



'description of the method is illustrated in the fIomcharts'of~F+€S——4~l___h_

I C cribed. Each step of the nethod as it appe IS
ro ””Hm md her ei n by an identifying nunmeral in paj eenRepla“’-d
FIGS.*4A& Bare pertrons of a flowhart illustrating the overal Jmm
solving for variables in multiple equations. Ibe begi nni ng of
corresponds to the second screen display of ﬁ1 3, wherein the user
. supplied vari abl es have been entered (50). The user first decides whether a

~specific variable or all pf. thfh%a%éfg?iae %Faégugg é§glﬁah§ Qﬂé}éin

specific variable (such as ) then that variab
i s del eted fromtife indicrhbng mggnS(ppmprlses néans ' for indicating Wlth

each label whether the value of its variable is defined by
the user.

5 17. The calculating device of claim 12 wherein
the indicating means comprises means for indicating with
each label whether the value of its variable was used in
the last solution to the multiple equations.

18. The calculating device of claim 12 wherein

10 the indicating means-comprises including means for

indicating with each label whether the value of its
variable was solved for in the last solution to the
multiple equations.

19. A calculating device comprising:

15 (a) a display;

(b) memory;

_ {(c) a plurality of keys for entering multiple
equations that include variables and for entering values
for the variables into the memory; and |

20 (d) a processing unit for:
scanning each of the entered multiple equatiqns
to find the variables within the eguations;
assigning a key to each variable;
displaying a label on the display for each
25 variable in the multiple equations in proximity to the key
to which the variable is assigned; and
indicating on each label the state of is
variable;
20. In a calculating device, a method for
30 solving multiple equations having unknown variables,
comprising: |
examining each of the multiple equations in the
process of solVing the equations for the unknown -
variables; |
35 storing an order in which the variables are
solved for; and ' |
storing an order in which the equations are
solved;



it were on it), because its value is to be found regardl ess of whether the
user- supplied a value (54). The equations are then checked to see if there
are any known variables (56), and if not, an error signaling that there are
tgo many unknown variables is displayed (58). Following is a check to see
if there are any unknown variables (60), andg f- not, another error

signaling that there are no unknown variables to be found is displ ayed .7
Substitute sheet - 7 May 1997 (64). Assuming no error signal, the method
checks again 21. The method of claim 20 including displaying

at least one of the orders.
22. The method of claim 20 wherein the order of

variables in the chronological order in which the values

5 for the variables are found.
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if it is solving for all unknown variables (66). For the case where only a
speC|f|c vari,able is to be found, the nethod scans the list of multiple
equations for an equation containing only the desired unknown, such as V
(68). If such an equation is found to exist (70), the equation is solved
(72). The result for the variable is then stored and displayed (74) and the
“menu of FIG 3 indicating the state of each variable in the nmultiple '

~equations is displayed (76). TKI"LLQ.L.QEﬁﬁ_JJll’_SQ.LBU_D.g_a.D_E.Q.ualJ_Qn.J\S
illustrated in FIG e (process of displaying the nenu is il Nustrated

| RIGe.): B
in FIG 7, both of e described hereafiter. If no equation ig found
that contains only the \‘
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desired unknown (68), t hen the nethod proceeds as though all variables are
to.be found, .as shown at the bottom of FIG 4A, which continues onto FIG

4B. A counter i is then initialized for solving each of the equations on
the list (78). The first equation is retrieved (80) and exam ned to
+determne if it is solvable (82). FIG 5 illustrates the process for

; determ-ning if the ith equation is presently solvable and is described
hereafter. If the equation is solvable, then it is solved (84). Wth the
equation solved, the nethod checks if all unknown variables are to be

sol ved for (86). EIBC3 it is then deternmined if the varlables to be found
have all been fo |f so, then the variables are sto

CALCULATE A FRACTION FROM FlEAL NUMBERS -

GET THE NUMBER X)
A, FROM STORAGE
80

SAVE THE WHOLE PART (CHARACTERISTIC)

SAVE THE SIGN
GET THE FP(X) (FRACTIONAL PART)
n=1
2 =
| GET TERM,, OF CONTINUED
DENOMINATOR [l ™" FRACTION AND SAVE
NUMERATOR TERM TO LIST '
! |
[ EVALUATE THE CURRENT -
84— | TERMS TO A NUMERATOR !
AND A DENOMINATOR
| 86 DOES)
90 THE
\ CALCULATED
' DENOMINATOR
S EXCEED THE
STORED

\DENOMINATOR

USE STORED CALCULATED
DENOMINATOR AND NUMERATOR
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di spl ayed (90) and the nmenu indicating the state of each variable is also
di-spl'ayed (92). If there are other variable to be found at step (88), then
the found variable is added to |ist of variables than need not be found
(94), the i counter is increnmented (96) and the next equation is retrieved
fromthe equation |ist (80). Returning to step (86), if all unknown

vari ables are to be spg of, the nmethod checks if the present variable
is the | ast unknown (P §§RAFFF.0 then the solutions are conplete and the
menu i s displayed (92)~

however ,

FOUND_NAME_LIST=
" USER SUPPLIED VARS FIG. 4A

_ SOLVING
FOR ALL VARIABLES
THAT IT CAN

(r-54
DELETE VAR_TO_FIND FROM
FOUND_NAME_LIST

-

56— 58
YES - - .

TOO MANY e
UNKNOWNS ERROR

: NO |
60 f-64
YES ALL VARIABLES
KNOWN ERROR |

f-68
SCAN EQUATION LIST FOR AN
EQUATION CONTAINING ONLY THE
DESIRED UNKNOWN

SOLVE THE EQN
ES FiG.6) 72
¥
STORE AND DISPLAY J74,
- 70 | RESULT
Yy - - Y
DISPLAY MENU N
(FIG. 7)

ere a/e" Pher unknown variables still present,

@ This Sheet Has Been R
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- 8 - then the method checks if the ith equation is the last equation on
the list (100). If not, then the variable is added to the |ist of
variabl es that have been found (94). If, on the other hand, this is the

| ast equation on the list, then the method inquires whether any variabl es
were found on this pass through the i loop (102). |If yes, then the
counter is reinitialized and the process repeats (78). If no variables are
“found on this pass, tlep\the nethod determines if it is solving for a

'single variable or if vark?fhéi miiEBfound at all when solving for al
t he e

vari abl es (184 still too many
; 80
GET ith EQN |- /84
SOLVE THE EQN

(FIG. 6)

STORE AND DISPLAY
RESULT

Y
DISPLAY MENU

UNKNOWN

ADD UNKNOWN_VAR TO LIST OF VARS
THAT NEED NOT BE FOUND '

Sheet Has Been Reﬂlaced
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unknown vari ables (106), and the error is signaled to the user. If not,
then all "variabl es have been found that can be found, and the nenu
indicating the state of each variable is displayed (108). Referring now to
FIG 5, determining whether the ith equation is solvabl e begins by
initializing a counter j for the variables in the equation (110). The
variable is then examned to determne if it needs to be found, i.e., if it
- is an unknown (112). If it is, the ith equation is exam ned to determne if
. there are other unknown vari ables present in the equation (114). If that is
. the case, then the ith equation presently is not solvable (116), answering
. the question in the negative

(SOLVABLE?) FIG 5
/4R |
&2 j=1 —~110
116
N
NOT
SOLVABLE

SOLVABLE .
Y YES

This Sheet Has Been Reilaced :




posed in step (82). If the ith equation has only the one unknown (114) to
this point, then it nust be determined if the jth variable in the ith
equation is the last to be exam ned (118). If so, then'the ith equation is
deened sol vabl e (120), .answering the question in the affirmative posed in
step (82). If the variable is not the last in the ith equation, then the
~counter’'j is increnmented (122) to the next variable and step (112) is again
. undertaken, If the jth variable need not be found, because it may have been
. user-supplied or not requested, then the nmethod branches to step (118) and
. proceeds as described above. The step .of solving an equation which appears
in FIG 4A as step (72) and in FIG 4B as step (84) is shown

(SOLVE THE EQN)/72’84

FIG. 6

132
Vs

SET "NO RELATIONSHIP"
STATE FOR ALL VARS IN
THIS EQN

ALREADY
SET "NO RELATIONSHIP"

STATE FOR ALL VARS
IN TH!QS EQN

USE THE ROOT FINDER TO
FIND AVALUE FORTHE | 134
UNKNOWN_VAR

Y

SET STATE OF UNKNOWN_VAR
TO "CALCULATOR-SUPPLIED" | \-136
AND "SOLVED FOR" (CR)

Y

SET STATE OF OTHER_VARS |
IN EQN TO "USED IN SOLUTION" | ~-138
(UR)
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in detail in FIG 6. Any preexisting relationship among - - 9 -

Substi'tute sheet - 7 May 1997 the variables in the equation being solved is
fi'rst'cleared (130,132). Such a relationship may have existed from an
earlier solution where the value of one variable was determ ned from val ues
of one or nore others. A root finder algorithmis then utilized to find a
val ue for the unknown variable (134). Such algorithns are well known in the
: art, such as described in U S. Pat. No. 4,845,652, which is hereby

i incorporated by reference. The state of

(DispLAY MENU]

K=1["~140

144

VAR (K) = YES
"USED IN SOLUTION"
2

142

VAR (K) =
"USER-SUPPLIED"
?

148

N

USE BLACK LABEL

WITH NO BLOCK
| USE BLACK
| LABEL WITH
USE WHITE . WHITE BLOCK
LABEL WITH
BLACK BLOCK
156
Y
USE WHITE
" LABEL WITH
NO BLOCK |
1 ' Y
K = K+1
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t he unknown variable is then set to "cal culator supplied" and "solved for"

(CR) in the present equation (136) The states of the other variables in

't he” equation are then set to "used in the solution" (UR) (138). This

conpl etes the equation solving step, and the overall nethod proceeds

therefrom The step of displaying the variable nmenu, which appears in FIGS.

~4A and 4B, is shown in detail in FIG 7. The variable counter k is first

“initialized (140) and the state of the first variable is examned to

~determine if itFE usaAupplled (142). 1f so, then the kth variable is
e

exam ned to det'er Pt was used in the solution of the eguation(el

(144). If the varyahlseviasnadde | " the  USER CALCULATOR
SUPPLIED SUPPLIED
USED IN | NOT USED |soLveD | NOT
SOLUTION IN FOR |SOLVED
SOLUTION FOR
5 R P 2~
12 L L~ L~
285.58..| V e v
1090. | H e e
.‘k ’L "L ’L ’L J\ —

FIG. 8B

VAR. BEING SOLVED FOR  EQUATION USING VAR .

1 v | 1 |
2 H 2
i
. I : ) _ \
FIG.8C | !
CURRENT CURRENT
VARIABLE EQUATION
WITHIN. ' '
EQUATION EQUATIONS
1
' 2
FIG.8D 3
) :,: :;
|
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sol ution, then a black |l abel with a white bl ock (indicating that state) is
dlsplayed above the nenu key 34 assigned to the |label (146). If it was not
used i'n the solution but was user-supplied, a black |abel (indicating that
state) is displayed above the nenu key 34 assigned to the variable
represented by the |abel (148). In either casg, the process then checks if
there are other variables in the equations to be displayed (150) and, if
so, increnments the variable counter k (152). Returning to step (142), if
the variabl e i s notmEtgeh- ANBPAPSARATIIE FOR $oLerag ne@Ttx@ntetwunmms& i t
was "solved for" in the solution to the e uation 54) Uﬁ not, then the
vari abl e was not jnvolvedin1tfu9§§?%%?8n F THE D CLOSURE

10

15

20

25

P

In a calculating device, a method and apparatus
for representing to a user the state of wvariables in
multiple equations to be solved. The representation in
the present embodiment is through a user interface. The
interface displays labels assigned to the variables within
the multiple equations and indicates to the user on the
label the state of each variable. These states are four:
user-supplied values (U); calculator-supplied values (C);
related values (R); and non-related values (N). Related
values (R) are values that were used or solved for
together in the latest solution of the equations. Through
menu keys assigned to the variables represented_by the
labels, a user can supply or clear values for the
variables for the next solution. The method also includes
saving the order in which the variables are found and the
order in which the equations are solved. This information
allows the user to review the solution path followed by
the calculating device in solving the multiple equations.

(Hg - D
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METHOD AND APPARATUS FOR SOLVING MULTIPLE EQUATIONS
BACKGROUND OF THE INVENTION "

This invention generally relates to method and
apparatus for assisting a user in the proceés of solving
multiple equétions sharing common variables. More
‘particularly, this invention relates to a method for'
representing to a user the state of variables in multiple
equations to be solved.

- The ability to solve an equation for an unknown
is a powerful tool of newer computing devices such as
calculators and computers. When such a tool is applied to
an actual problem, the problem is often best represented
as a set of multiple equations. For simple problems with
few equations and variables, a user chooses one equation,
puts in values that he knows and solves for an unknown.

He then use the result of the first equation to solve for
an unknown in a secocnd equation and so forth. Ultimately
this solution process leads to a value for a'particular
variable of interest. _

For more complex problems, however, the number o:
equations and variables to be determined is large and the
solution process becomes tedious. The user must keep
track in each step for each variable whether it is known,
unknown, or_calculated.' It also becomes difficult to
select the proper egquation in sequence to lead to a value
for the desired variable. And once the solution is
complete, it is difficult to identify which variables have
related values and which do not.

Prior attempts to solve the difficulties of
equation selection, variable tracking and variable
identification have largely'been'manual in nature. Some
have employed numericél root finders for the actual
solving operation for each equation. Others have employed
calculator or computer-based methods that automate the
select-and-solve portion. But none of these prior
attempts has provided a dser with a visual indication of
the state of a variable and its relationship to the other



FI GS. ,8A-D |IIustrate functionally how the vari abl es and equations are
stored within the cal cul ating device. In FIG 8A, each variable is stored
with its value, nanme, and state, with the variables showmn in FIG '3 entered
for exanple. These states, as nentioned ab@ve; aSebstitute sheet - %Mﬁc}l ed97
val ues (U); cal cul ator-supplied values (O; related val ues (R)
non-rel at ed val ues i . .The first columm under "user-supplied" is for
i ndi cati ng withkrbigs &&rF&BIéeﬁa§ﬁxﬁﬁu%ﬁbﬁpﬁeﬁft?ﬁeSﬁ%ﬂﬁkp%owﬁnﬁh$s f or
i ndi cati ng wheatuetidbfe user-supplied variable was used in the last solution
to the equations. The first columm under "cal cul ator supplied" is far
indicating if the val ue was cal cul ator or nachine

SUMMARY OF THE INVENTION

An object of the invention, therefore, is to
provide a method and apparatus for solving multiple
equations which overcome the drawbacks of prior
approaches. .

A second objéct of the invention is to create a
user interface that allows a user to easily enter known
variables and solve for unknown variables.

A third cobject of the invention is to provide a
visual indication to a user of the relationship among
variables in multiple equations.

- In accordance with these objects, a method of
representing to a user the state of variables in multiple
equations is disclosed.. In the method, each of the
multiple equations is scanned to find the variables in the
equations. Each varxable is then assigned a data entry
point such as a key on a keyboard. A label for each
variable is then displayed, and indicated on the label is
the state of its variable. In the present embodiment, the
state of a variable represented by a label is indicated by
the color and pattern of the label.

In accordance with the inéentidn, the order in
which the wvariables are found and in which the equations
are solved is determined. This information allows the
user to review the solution path followed in solwving the
multiple egquations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a pictorial view of a calculator as one
embodiment of apparatus programmed according to the
invention.

FIG. 2 is a block diagram of the architecture of
the calculator of FIG. 1.

FIG. 3 is a series of screen displays
illustrating a user interface according to the invention.



supplied. The second columm is for indicating whether the cal cul ator
suppl‘i ed variabl e was solved for in the |last solution to the equations

act ual

representation of this information in nmenory, of course, may

The

quite different fromthe illustration. -FBGS. 8B Substigmei shaett- r'btl\éa\hd\ﬁgﬂne
orders of solution of the variables and equations are saved in nenory for
| ater exam nation by a user. The values found for unknown vari abl es may

differ,

dependi ng onFLRE-ofdeB @F VR 1PRS r 86t 21 £ARWFNSSY es equat i ons.

As part of e Set AedngOEne0bicha 1 dd Pbe SgletihgnEdienairialls or ders
I n which the variaablfF are fqund and eqyaiéons solgﬁd re .saved .and- may
h

recal | ed byt AR

ance wil e invention.

ﬁg&@ﬁlons in ac
FIG. 5 is a flowchart of a method for determining
if an equation within the multiple. equations at a given
point may be solved.

FIG. 6 is a flowchart of a method for solving an

equation within the multiple equations.

| FIG. 7 is a flowchart of a method for displaying
to a user the state of each variable within the multiple
equations.
FIGS. 8A-D illustrate how variables and equations

are stored in memory according to the invention.

BRIEF DESCRIPTION OF A PREFERRED EMBODIMENT
The Apparatus |

FIG. 1 shows a calculator 20 which is programmed
to solve multiple equations according to the invention.
The hardware and architecture of the calculator 20 (shown
in FIG. 2) may be of conventional design. The calculator
includes an entry means such as a keyboard 22 and a
display means such as an LCD display 24. On the face of
the keyboard are a plurality of keys that each have a
number of functions. Relevant to the present invention
are several of the keys that have unique functions. A
LIBRARY-key 26 is used for activating a multiplelequation
solver menu interface in a shifted operation. The shift
is accomplished by first pressing the left shift key 28.
Other keys of note include a right shift key 30, a NXT key
32, and a row of menu keys 34. In response to activating
the solver menu, the menu keys are assigned to labels 36
that'appear at the bottom of display 24, as will be
further described hereafter.

The architecture of calculator 20 includes a
central processing unit (CPU) 38 to which are connected
via various buses the keyboard 22, the display 24 and
memory in the form of ROM 42 and RAM 44. The instrugtions
for operating the CPU are written and stored in the ROM 42

be



appropriate conmands to the cal cul ati ng device. The order shown is
chronol ogi cal, though other orders nay be used as well. This information on
orders of solution allows a user to determ ne the path taken by the

mul ti pl e equation solver in solving the éqoati onSubBtiGiteSshedt!|-uz May d997
register within the cal culating device for tracking the ith equation and
jth Substitute sheet,- 7_May 1997 - 11 - variable as part .of the method
her ei n. Ea&Weﬁnﬁﬂ?YﬁP%&ﬁnal manner. The RAM 44 is available for

storing data entered via the keyboard 22 and generated by
the CPU 38 in the process of solving multiple equations”
| according to the invention.

' Of course, any equivalent calculating device may
be used, such as a general purpose computer. Equivalent
to the keyboard would be any data entry device such as a
mouse. Equivalent to the LCD display would be any type of
display device such as a CRT, hard copy device, etc.

The Multiple Eguation Solver

The method of the present invention solves
nmultiple equations for one or more variables and indicates
to the user the state of the variables in the equations
after each solution. These states are four: user-supplied
values (U); machine-supplied values (C); related values
(R) ; and non-related values (N). Related values are
values that were used or found together in'the latest
solution of an equation. To assist a user in identifying
the states of different values, a user interface as shown -
in FIG. 3 is provided.

FIG. 3 is a series of screen displays
illustrating the user interface as it appears on the
display 24. The top screen display shows a list of two
equations to be solved, VCONE and LCONE. The equations on
the list may either come from a library of standard
equations or be entered by the user separately. The next
screen display shows the entry of two user supplied
values, five for the vgriable R and twelve for the

- variable L. These variables are considered "known.'" At
the bottom of the display 24, a row of labels 36 then
appears, one label for each variable in the mu;tiple
equations. If more variables existed than could be shown
in a single row, additional rows are created and can be
brought into display by preésing the NXT key 32. The
labels are assigned to menu keys 34 for selecting which
variables are to be found in solving the equations. The
background color of the label indicates the source (state)



variable is stored in its order of solution, as shown in FIGS. 8B and 8D.
Having il lustrated and described the principles of the invention in a
preferred enbodi nent, it should be apparent to those skilled in the art
that the invention can be nodified in arrangenenSubstitudetshebt wizt Nayt 1997
departing fromsuch principles. W cl ai-snsal4+ nodifications comng within
the spirit and scope of the follow ng clains. - 12 - Substitute sheet
- 7 May 1997 - :
- of the value of the associated variable. A black

background, as for labels L and R, indicates that the
value is user-supplied. A white background, as for labels
V and H, indicates that the value is or will be machine
(calculator) supplied. These variables are considered
"unknown” until a value is calculated for each. The last
label in the row is ALL and is selected for finding all
the unknown variableé. Thus in this example the user has
the option of finding the values of H or V individually by
pressing the assigned menu key or as a group by pressing
the key 34 assigned to ALL.

The third screen display shows additional
indicators on the labels 36 for indicating whether the
values of_the variables are related through the solving of
the eguations. That is, the indicators, which appear as
black or white boxes within each label, indicate whether
the variable was involved in the latest solution of the
equations. Black boxes in a white label indicate the
variable was calculated. White boxes in a black label
indicate the variable was used. If a variable label does
not have a black box in the third screen display, then the
variable's value was not recently calculated or played'no
role in solving the equations. For example, if it is
desirable to find only the value of the variable H, this
can be done by employing only the equation LCONE. The
variable V is not involved, and its label would not
include a box after the computation. This tells the user
that the wvalue of V is not related to the wvalues of the
other variables. |

The last screen display shows tHe values found
for each variable. L and R were user supplied and thus
are considered known. V and H were solved for using the
supplied values for L and R and the two equations LCONE
and VCONE. Table I, below, summarizes the key éction,'
label appearance and effect on variable state for the
interface: o



APPENDI X | *Sol ution Procedure *Nonencl ature: var list is the |ist of al
vari abl e names for the egn systemuser-supplied list is the |ist of
variable names with U status var to find is the var to be found by a

singl e-var solution found name list is the.ldst SubstituteldreetarEMahqoozave
been found by the MES unknown-var is the name of the single unknown
in a solvable egn '

Variable State/ '
Key Definition Appearance/Action State. Abbrev

User-supplied values Black key label U
Calculator-supplied values White (outline) key label Cc
Related wvalues Block in menukey label R
Non-related values No block in menukey label N
menukey action Store wvalue in var

" left-shift menukey action Solve for var
right-shift menukey action Recall var

Blank memkeys White (outline) Xkeys

ALL key Sets all keys to CN

left ALL Starts entire solution

'right ALL ' Shows review of solution
Table I

The method of the present invention of
representing to a user the state of a variable in multiple
equations to be solved in particularly described in the
pseudocode that appears in Appendix I. A more general
description of the method is illustrated in the flowcharts
of FIGS. 4-7, which will now be described. Each step of
the method as it appears in a flowchart is indicated
herein by an identifying numeral in parentheses.

FIGS. 4A-B are portions of a flowchart
illustrating the overall method for solving for variables
in multiple equations. The beginning of the flowchart
corresponds to the second screen display of FIG. 3,
wherein the user supplied variables have been entered
(50). The user first decides whether a.specific variable
or all of the variables is to be found (52). If only a
specific variable (such as V in FIG. 3) is the object,
then that variable is deleted from the found_name_list (if
it were on it), because its value is to be found
regardless of whether the user supplied a value (54). The
equations are then checked to see if there are any known
variables (56), and if not, an error signaling that there
are too many unknown variables is displayed (58).
Following is a check to see if there are any unknown
variables (60), and if not, another error signaling that
there are no unknown variables to be found is displayed



new yfound value is the result of cal culating unknown var nunber of eqns is
nunbér of egns nunber of eqgn vars is the nunber of vars in the egn being
exam ned for solvability total new yfound is the total number of variabl es

calculated in the eqn system new yfound_this [Substitstetsheetunbdayfl 98 ues
cal cul at-ed during this pass of the Sol'ution solution indicates a
singl e-var solution or an all-vars solution R >N done indicates if all the

R states wer ?sﬁr?ge hgts(&mqrﬁf q'foeseﬂ'r.toi' eé.{(;ﬁgh.f,t tAkl met®wethecks again
if it is solving for all unknown variables (66).

For the case where only a specific variable is to
be found, the method scans the list of multiple equations
for an equation containing only the desired unknown, such
as V (68). If such an equation is found to exist (70),
the equation is solved (72). The result for the variable
is then stored and displayed (74) and the menu of FIG. 3
indicating the state of each variable in the multiple
equations is displayed (76). The process for solving an
equation is illustrated in FIG. 6 and the process of
displaying the menu is illustrated in FIG. 7, both of
which are described hereafter.

If no equation is found that contains only the
desired unknown (68), then the method proceeds as though
all variables are to be found, as shown at the bottom of
FIG. 4A, which continues onto FIG. 4B. A counter.i is
then initialized for solving each of the equations on the
list (78). The first equation is retrieved (80) and
examined to determine if it is solvable (82). FIG. 5
illustrates the process for determining if the ith
equation is presently solvable and is described hereafter.
If the equation is solvable, then it is solved (84). With
the equation solved, the method checks if all unknown
variables are to be solved for (86). If not, it is then
determined if the variables to be found have all been
found (88). 1If so, then the variables are stored and
displayed (90) and the menu indicating the state of each
variable is also displayed (92). If there are other
variable to be found at step (88), then the found variable
is added to list of variables than need not be found (94),
the i counter is incremented (26) and the next equation is..
retrieved from the equation list (80).

Returning to step (86), if all unknown variables
are to be solved for, the method checks if the present
variable is the last unknown (98). If so, then the
‘solutions are complete and the menu is displayed (92). If
there are other unknown variables still present, however,



then solution = all else solution = single endif if solution = all then

found name |ist = user-supplied |list else found nane |ist = user-supplied
list - var to find endif nunber found = | ength(found nane list) if nunber
found = 0 then display "Too Many Unknownsg di spl Substituteashdequiz Muydi 997

then the method checks if the ith equation is the last
equation on the list (100). If not, then the variable is
added to the list of variables that have been found (94).
If, on the other hand, this is the last equation on the
list, then the method ingquires whether any variables were
found on this pass through the i loop (102). If yes, then
the i counter is reinitialized and the process repeats
(78). If no variables are found on this pass, then the
method determines if it is solving for a single variable
or if no variables were found at all when solving for all
variables (104). If so, then there are still toco many
unknown variables (106), and the error is signaled to the
user. If not, then all variables have been found that can
be found,and the menu indicating the state of each
variable is displayed (108).

Referring now to FIG. 5, determining whether the
ith equation is solvable begins by initializing a counter
j for the variables in the equation (110). The variable
is then examined to determine if it needs to be found,
i.e., if it is an unknown (112). If it is, the ith
equation is examined to determine if there are other
unknown variables present in the equation (114). If that
is the case, then the ith equation presently is not
solvable (116), answering the question in the negative
posed in step (82). If the ith equation has only the one
unknown (114) to this point, then it must be determined if
the jth variable in the ith equation is the last to be
examined (118). If so, then the ith equation is deemed
solvable (120), answering the question in the affirmative
posed in step (82). If the variable is not the last in
the ith equation, then the counter j is incremented (122)'
to the next variabie and step (112) is again undertaken.
If the jth variable need not be found, because it'may'Ha¢é f
been user-supplied or not requested, then the method
‘branches to step (118) and proceeds as described above.

The step of solving an equation which appears'in
FIG. 4A as step (72) and in FIG. 4B as step (84) is shown
in detail in FIG. 6. Any preexisting relationship among



nunber vars = length(var list) if number found = number vars then display
YAl *Vari abl es Known" display nenu and quit endif if solution = single then
nunber found = 0 for i=1 to nunber of eqns get eqn(i)
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the variables in the equation being'solved is first
cleared (130,132). Such a relationship may have existed
from an earlier solution where the value of one variable
was determined from values of one or more others. A root
finder algorithm is then utilized to find a value for the.
unknown variable (134). Such algorithms are well known in
the art, such as described in U.S. Pat. No. 4,845,652,
which is hereby incorporated by reference. The state of
the unknown variable is then set to "calculator supplied"
and "solved for" (CR) in the present equation (136). The
states of the other variables in the equation are then set
to "used in the solution" (UR) (138). This completes the
equation solving step, and the overall method proceeds
therefrom. _ '
The step of displaying the variable menu, which
appears in FIGS. 4A and 4B, is shown in detail in FIG. 7.
The variable counter k is first initialized (140) and the
 state of the first variable is examined to determine if it
is "user-supplied" (142); If so, then the kth variable is
examined to determine if it was used in the solution of
the equation(s) (144). If the variable was used in the
solution, then a black label with a white block
(indicating that state) is dispiayed above the menu key 34
assigned to the label (146). If it was not used in the
solution but was user-supplied, a black label (indicating
. that state) is displayed above the menu key 34 assigned to
the variable represented by the label (148). In either
case, the process then checks if there are other variables
in the equations to be displayed (150) and, if so,
increments the variable counter k (152).
| 'Returning to step (142), if the variable is not
"user-supplied,” then it is examined to determine if it
was "solved for" in the selution to the equation (154).
If not; then the variable was_not involved in the solution
process. This may occur where the user has sought to find
only specific variables rather than all of those present
in the list of equations. In this case, a white label
(indicating that stéte) is displayed above the menu key 34
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unknown var) then if unknownvar = vartofind then solve eqn(egn(i), unknown
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quit endif endif _ - 10 - Substitute sheet - 7 May 1997

,aséigned to the variable represented by the label (156).

If, on the other hand, the variable was "solved for," then
a white label with a black block (indicating that state)
is displayed above the menu key 34 assigned to the
variable represénted by the label (158).

FIGS. 8A-D illustrate functionally how the
variables and equations are stored within the calculating
device. 1In FIG. 8A,_éach variable is stored with its
value, name, and state, with the variables shown in FIG. 3
entered for example. These states, as mentfbned above,
are four: user-supplied values (U); calculator-supplied
values (C); related values (R); and non-related values
(N). The first column under "user-supplied" is for
indicating whether the variable was user supplied. The
second column is for indicating whether the-user4supplied
variable was used in the last solution to the egquations.
The first column under "calculator supplied" is for
indicating if the value was calculator or machine
supplied. The second column is for indicating whether the
calculator supplied variable was solved for in the last
solution to the equations. The actual representation of
this information in memory, of course, may be quite
different from the illustration.

FIGS. 8B and 8D illustrate how the orders of
solution of the variables and equations are saved in
memory for later examination by a user. The values found
for unknown variables may differ, depending on the order
in which the root finder solves equations. As part of the
method for solving the multiple equations herein, the
orders in which the variables are found and equations
solved are saved and may be recalled by the user through
appropriate commands to the calculating device. The order
shown is chronological, though other orders may be used as
well. This information on orders of solution allows a
user to determine the path taken by ‘the multiple equation
solver in solving the equations.

FIG. 8C illustrates a register within the
calculating device for tracking the ith equatlon and Jth



next i if nunberfound = 1 then display_nenu and quit endif endif

nunber found = | ength(found nane list) newWy found this pass = 1 total
new yfound = 0 while newy found this pass > 0 newly found this pass = 0
for i=1 to nunberofeqns get eqn(i) if eqgn(i) sol Salmstitute sheet - Fd¥lagr NODRS
unknown var) - 11 -

variable as part of the method herein. Each equation and
variable is stored in its order of solution, as shown in
FIGS. 8B and 8D. .

Having illustrated and described the principles
of the invention in a preferred embodimeht, it should be
apparent to those skilled in the art that the invention
can be modified in arrangement and detail without
departing from such principles. We claim all
modifications coming within the spirit and scope of the
following claims.



then solve eqn(eqn(i), unknown var) if solution = single and unknown var =
var to find then store and di splay newy found val ue display nmenu and quit
endi f nunber found = nunber found + 1 if nunber found = nunber vars then

di spl ay nenu and quit endi f found name- il& = f oSubstitute shest - ¥ Maynb987var
total newl yfound = total newly found + 1

APPENDIX I
*Solution Procedure

*Nomenclature:

var_list is the list of all variable names for the eqn

system

user-supplied _ llst is the list of variable names with U
status

var_to_find is the var to be found by a single~var
solution

found _name_list is the list of variable names that have
been “found by the MES

unknown-~var is the name of the single unknown in a

solvable egn

newly found value is the result of calculating unknown_var

number of_egns is number of egns

number _of _eqgn_vars is the number of vars in the eqn belng
examined for SOlVabllltY

total newly found is the total number of variables

calculated in the egn system

newly found this_pass is the number of wvalues calculated

during this pass of the solution

solution indicates a single-var solution or an all-vars
solution

R->N_done lndlcates if all the R states were made into N
states

if left-shift ALL pressed
then solution = all
else solution = single
endif
if solution = all
then found name_list = user-supplied_ list:
else found . _name_ “list = user—supplled list ~ var_to_find
endif '
number_found = length(found name_list)
if number found = 0
then
- display "Too Many Unknowns"
display menu and quit
endif
- number_vars = length(var_ list)
if number found = number vars
then
display "All Variables Known"
display_menu and qult
endif

if solution = single -
then
number_found = 0
for i=1 to number_of_eqns
get eqgn(i)



newy found this pass = newy found this_pass + 1 endif next i endwhile if
sol ution = single or total newy found = 0 then display "Too Many Unknowns
di splay menu and quit endif *Additional Eetalls if egn(i) solvable *This
determines if the equation is solvable (has onl ﬁuhséltﬂtm&hﬂnmﬂ May 1997

- 13 -
if egn(i) solvable (determines unknown_var)
then : .
if unknown_var = var_to_find
then

solve_egn(egn(i),unknown _var)
store and display newly_ found _value
number_found = 1
display menu and quit
endif
endif

next 1i

if number_found =1

then display menu and quit

endif

endif

number found = length(found_name lxst)
newly found_this pass = 1
total . _newly found = 0

while newly_ found_this pass > ©
newly found_this pass = 0
for i=1 to number of_eqgns
get eqgn(i) :
if egn(i) solvable (determines unknown_var)
then
solve_egn(egn(i), unknown ,_var) _
if solution = szngle and unknown _var = var_to_find
then
store and display newly found_value
display menu and quit
endif
number found = number found + 1
if number found = number vars
then dlsplay menu and quit

endif
found name_ list = found _name_list + unknown _var

total . newly found = total newly found + 1.
newly found _this_pass = newly found _this pass + 1
endif
next i
endwhile

if sclution = single or total newly found = 0
then

display "Toc Many Unknowns"

display menu and quit
endif

*Additional Details

if eqn(i)'solvable

*This determines if the equation is solvable (has only one
*unknown) _
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for J—l to nunber of eqgn vars if pos(found nanme list, var(j)) = 0 then

i s unknown) nunber of unknowns - nunber of unknowns + 1 else if

var (j) does not exi st (var(j) is known but Substitute sheet - 7 May 1997

- 14 -

solvable = TRUE
number_ of_ unknowns = 0
for j=1 to number _of _eqn_vars
if pos(found_ name llst, var(j)) =0

then (var(3) is unknown)
number_of unknowns - number of unknowns + 1
else
if var(j) does not exlst (var(j) is known but
erased)
then :
number of_unknowns = number_of_unknowns + 1
endif
endif
if number_of_ unknowns > 1
then
solvable = FALSE
done
endif
unknown_var = var(j)
next j

solve_eqn(eqgn(i) ,unknown_var)

*This handles prompting and state changes whlle solving an
*equation for a specific variable.

if R->N_done = FALSE
then
set all R -> N
R->N_done = TRUE
endif
display "Solving for unknown var"2
newly found value = solve(egn (i) ,unknown _var)
set unknown _var to CR
set UN vars in egqn(i) to UR

newly_found_value = solve(eqn(i),unknown_var)

*This routine feeds the root finder the equation being
solved, *and the name of the unknown variable
(unknown _var).

*If unknown_var exists, its value should be supplied as a
guess. '

*This may be a real or unit object, or a list of 1 or 2
reals or *unit objects. ' -

*If unknown_var does not exist, 0 should be used as a
guess to *the root finder.

display menu

0



erased) then nunmber of unknowns = nunber of unknowns + 1 endif endif if
nunmbér of unknowns > 1 then sol vable = FALSE done endi f unknown var =
var(j) next j solve eqgn(egn(i), unknown var)

Substitute sheet - 7 May 1997
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*This routine determines the appearance of the menu key
labels *based on the states of the variables.

for k = 1 to number_vars
get state(1l)
if state(k) = user-supplied

"then (U means user-supplied)
if state(k) = used in solution (R means relationship
exists)
then
key label is black with white block
else (N means no relationship exists)
key label is black with no block
endif
else (C means calculator supplied)
if state(k) = solved for (R means relatzonshlp
exists)
then
key label is white with black block
else (N means no relationship exists)
key label is white with no block
endif
endif

next k



*Thi s handl es pronpting and state changes while solving an *equation for a

. speci'fic variable. if R >N done = FALSE then set all R ->N R->N done = TRUE
endi f display "Solving for unknown var"2 newy found value =

sol ve(eqn(i), unknown var) set unknown var to CR set UN vars in egn(i) to UR
. newy found value = solve(eqn(i), unknown M@r) * Bubstitatd sheetl €2day HOI Dot
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sol ved, *and the nane of the unknown variable (unknown var). *If unknown
~var éxists, its value should be supplied as a guess. *This may be a real or -
unit object, or alist of 1 or 2 reals or *unit objects. *If unknown var
- does not exist, 0 should be used as a guess to *the root finder.
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-16 - W claim 1. In a calculating device including a display and data
entry neans, a nethod of representing to a user the state of variables in

- multiple equations to be solved, conprising: scanning each of the multiple
equations to find variables within the equations; assigning to each
variable a data entry point for the data entry nsgihsituée SRbal 7aviay! PHSYy
for each variable; and indicating withsggch | abel the state of its varlable
wherein the indicated state of a variable includes whether the value of the

~variable is supplied by the user.
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2. In a calculating device including a display and data entry neans, a
met hdd of representing to a user the state of variables in nultiple
equations to be solved, conprising: scanning each of the multiple equations
to find variabl es mﬁthin the equations; assigning to each variable a data
entry point for the data entry neans; displayi ngsgbdtthed sheét eFaiayarogp! e;
~and indicating with each | abel the stalgipf its variable wherein the

i ndi cated state of a variable includes whether the value of the variable is
. supplied by the cal cul ati ng device. 3. In a cal culating device including
a display and data entry neans, a nethod of representing to a user the
~state of variables in nultiple equations to be sol ved, conprising:
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scanni ng each of the nultiple equations to find variables within the
equations; assigning to each variable a data entry point for the data entry
nmeans; -17 - displaying a | abel for each variable; and indicating with
each | abel the state of its variable wherein the indicated state of a

vari abl e includes whether the value of the vari slsstitate shoel vZFdViap 1987

| ast solution to the multiple equationd/84. In a cal cul ati ng device

i ncluding a display and data entry neans, a nethod of representing to a
user the state of variables in nultiple equations to
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be sol ved, conprising: scanning each of the nultiple equations to find

vari ables within the equations; assigning to each variable a data entry
point for the data entry neans; displaying a |abel for each variable; and
indicating with each |abel the state of its variable wherein the indicated
state of a variable includes whether the val ue oSubstiuteshaét € 7vWdaynbd97
involved in the last solution to the nult8f e equations. 5. The net hod of
claim1l wherein ndicated state of a variable includes whether the

val ue of a user-f?ul]m e&,&erlable was used in the last solution to the

hn i nrl oot od ot f\f e
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of a variable InFIVlAEUEE\/retNAMEhe val ue QJSEF{JSGr supp IGGCAMBHU@TM
not used in the | ast SUPPLIED - SUPPLIED
USED IN | NOT USED |SOLVED NOT
SOLUTION IN -1 FOR SOLVED
SOLUTION FOR
5 R P~ P
12 L - L
285.58.. Vv ~ ~
10.90.. H ~d /7
J-\ "L ’J~ Js A~ f‘L ~—~

FIG. 8B

VAR. BEING SOLVED FOR  EQUATION USING VAR

1 v ' | 1
2 H 2
.f\ ’r Yy
i
: I . \
FIG.8C i i |
CURRENT  CURRENT
VARIABLE  EQUATION
WITHIN

o =

FIG. 8D

(¥

~ s ee6e (W




L

B

solution to the nultiple equations. 7. The nethod of claim2 wherein the
I ndi cated state of a variable includes whether the value of a cal culating

devi ce-suppl i ed vari able was solved for in the [ast solution to the
mul ti pl e equations. -18 - 8. The met hod of claim2 wherein the
I ndi cated state of a variable includes whether the value of a cal cul ating

devi ce-supplied variable was not sol ved for

nmul ti pl e equations. 9. A cal cul ati ng ?gvi ce conprising: a display;
We claim:
1. In a calculating device inciuding a display and data entry means, a

method of representing to a user the state of variables in multiple equations to
be solved, comprising:

scanning each of the multiple equations to find variables within the
equations;

assigning to each variable é data entry point for the data entry means;

displaying a label for each variable; and

~ indicating with each label the state of its variable

wherein the indicated state of a variable includes whether the value of the
variable is supplied by the user.

2. In a calculating device including a display and data entry means, a

method of representing to a user the state of variables in multiple equations to

be solved, comprising:
scanning each of the multiple equations to find variables within the
equations;
assigning to each variable a data entry point for the data entry means;
displaying a label for each variable; and
indicating with each label the state of its variable
wherein the indicated state of a variable includes whether the value of the
variable is supplied by the calculating device.

3. ' In a calculating device including a display and data entry meahs, a
method of representing to a user the state of variables in multiple equations to
be solved, comprising: - '
scanning each of the multiple equations to find variables within the
equations;
assigning to each varlable a data entry point for the data entry means;

in the last solution to the
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a data entry neans for entering nultiple equations that include variables

and for entering values for the variables into the device; neans for

scanni ng each of the entered nmultiple equations to find the variables

wi thin the equations; neans for assigning a data entry point to each

vari abl e; neans for displaying a |abel for each variable; and neans for

i ndicating with each | abel the state of its variable wherein the indicating

means conprises neans for indicating with each | abel whether the val ue of

its variable is defined by the user. 106.17-A cal cul ating devi ce conpri sing:

a display; a data entry neans for entering nultiple equations that include

vari ables and for entering values for the variables into the device;
displaying a label for each variable; and

indicating with each label the state of its variable
wherein the indicated state of a variable includes whether the value of the
variable was involved in the last solution to the muitiple equations.

4. In a calculating device including a display and data entry means, a
method of representing to a user the state of variables in multiple equations to
be solved, comprising:

scanning each of the multiple equations to find variables within the
equations;

assigning to each variable a data entry point for the data entry means;

displaying a label for each variable; and

indicating with each label the state of its variable
wherein the indicated state of a variable includes whether the value of the
variable was not involved in the last solution to the multiple equations.

5. The method of claim 1 wherein the indicated state of a variable
includes whether the value of a user-supplied variable was used in the last
solution to the multiple equations.

6. The method of claim 1 wherein the indicated state of a variable
includes whether the value of a user-supplied variable was not used in the last
solution to the multiple equations.

7. The method of claim 2 wherein the indicated state of a variable
includes whether the value of a calculating device-supplied variable was
solved for in the last solution to the multiple equations.

This is the replacement sheet

(T 9 an %

Date:



-~

means for scanning each of the entered nmultiple equations to find the
variables within the equations; neans for assigning a data entry point to
each variable; nmeans for displaying a | abel for each variable; and neans
for indicating with each | abel the state of its variable wherein the

I ndi cating nmeans conprises neans for indicating with each | abel whether the
value of its variable was used in the last solution to the nultiple

equat i ons. 11. A calculating device1conprising: a di spl ay;

8. The method of claim 2 wherein the indicated state of a variable
includes whether the value of a calculating device-supplied variable was not
solved for in th_e last solution to the multiple equations.

9. A calculating device comprising:

a display;

a data entry means for entering multiple equations that include
variables and for entering values for the variables into the device;

means for scanning each of the entered muitiple equations to find the
variables within the equations;

means for assigning a data entry point to each variable;

means for displaying a label for each variable; and

means for indicating with each label the state of its variable
wherein the indicating means comprises means for indicating with each label
whether the value of its variable is defined by the user.

10. A calculating device comprising:

a display;

a data entry means for entering multiple equations that include
variables and for entering values for the variables into the device;

means for scanning each of the entered multiple equations to find the
variables within the equations;

means for assigning a data entry point to each variable;

means for displaying a label for each variable; and

means for indicating with each label the state of its variable
wherein the indicating means comprises means for indicating with each label
whether the value of its variable was used in the last solution to the multiple
equations.
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a data entry means for entering multiple equations that include variables
and for entering values for the variables into the device; neans for
scanni ng each of the entered nultiple equations to find the variables
within the equations; nmeans for assigning a data entry point to each
variable; neans for displaying a | abel for each variable; and neans for
indicating with each [ abel the state of its variable wherein the indicating
nmeans conprises neans for indicating with each | abel whether the value of
its variable was solved for in the last18elution to the nultiple equations.
This is the {epIRce nt.sh&et. -
11. calculating device comprising:

a display;

a data entry means for entering multiple equations that include
variables and for entering values for the variables into the device;

means for scanning each of the entered multiple equations to find the
variables within the equations;

means for assigning a data entry point to each variable;

means for displaying a label for each variable; and

means for indicating with each label the state of its variable
wherein the indicating means comprises means for indicating with each label
whether the value of its variable was solved for in the last solution to the

multiple equations.
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