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CONDITIONAL CELLEXECUTION IN 
ELECTRONIC SPREADSHEETS 

RELATED APPLICATION DATA 

0001. This application is a continuation of prior applica 
tion Ser. No. 09/370,705 filed Aug. 9, 1999, the content of 
which is hereby incorporated herein by reference in its 
entirety. 

FIELD OF THE DISCLOSURE 

0002 The present disclosure related to electronic spread 
sheets, and more particularly to computer programming 
using electronic spreadsheets. 

BACKGROUND OF THE INVENTION 

0003. The Superior ease-of-use characteristics of elec 
tronic spreadsheets are well-known, especially in the field of 
office automation. The use of electronic spreadsheets in other 
fields is also know, although in the past, many computer 
applications have been unable to take advantage of the 
spreadsheet metaphor. One reason for this may be computer 
applications are often required to exhibit conditional State 
ment execution behavior. However, conditional statement 
execution behavior is beyond the capability of conventional 
electronic spreadsheet programs. 
0004. In the field of pattern recognition, for example, it is 
common for a single program to execute one set of instruc 
tions during training, and another set of instructions during 
classification, the Instructions for classification being depen 
dent on exemplar data extracted during training. In this field 
it is also common for programs to dynamically adapt their 
order of execution based on external control parameters. Con 
sequently, known electronic spreadsheets cannot adequately 
be used for programming applications in the field of pattern 
recognition. 
0005. In conventional programming, positional order of 
program Statements and conditional branching within pro 
gram statements drive the order of execution of the program 
statements. In the BASIC programming language, for 
example a program statement at line 20 in a program listing is 
always executed after the program Statementat line 10, unless 
a branch statement is encountered and a jump instruction is 
invoked. 
0006 Unlike a programming language, an electronic 
spreadsheet is essentially a means for graphically represent 
ing a single expression by distributing the expression across a 
rectangular grid of cells (or any regular array of cells), each 
cell being a parenthetical expression that can be a function of 
Some number of other expressions in cells across the grid. As 
in typical expression evaluation, precedence and dependen 
cies drive the order of execution. Since the order of executing 
is not explicitly programmed, there is no spreadsheet equiva 
lent to a jump instruction in conventional spreadsheets. The 
limitation of conventional spreadsheet makes programming 
certain kinds of behavior difficult, if not impossible. 
0007 Conventional electronic spreadsheets are known to 
Support limited conditional behavior, e.g., conditional argu 
ment value assignment using the standard IF functions. An IF 
function consists of three arguments: A, B, and C, where 
argument A is a logical Switch expression, and argument B 
and Care the two possible expressions to be evaluated. If the 
expression in argument A evaluates TRUE, the expression in 
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argument B is evaluated and retuned. If the expression in 
argument A evaluates FALSE, the expression in argument C 
is evaluated and returned. 
0008. Like IF, the CHOOSE function simply evaluates and 
returns one of Nexpressions. The evaluation of the expression 
in the first argument of the CHOOSE function determines 
which of the N expressions will be evaluated and returned, 
which is essentially a generalization of the IF function. How 
ever, the function IF, CHOOSE, and similar functions, are 
only capable of selecting among result values, and are inca 
pable of controlling the order of execution of expressions 
associated with a cell or a set of cells within the spreadsheet. 

SUMMARY OF THE DISCLOSURE 

0009. In a preferred embodiment, every expression in 
every cell is enabled or disabled by an implicit conditional 
wrapper. This implicit conditional wrapper uses a logical 
switch expression to control the execution of the cell's 
expression, i.e., to enable or disable the execution of the cell's 
expression based on the value of the logical Switch expres 
S1O. 

0010. In a preferred embodiment, the logical switch 
expression is entered into the implicit conditional wrapper of 
a cell using a pop-up dialog box and an associated pop-up 
window, for example. The dialog box can then be closed by 
the user, causing the pop-up window and its entered logical 
Switch expression to disappear along with the dialog box. 
Closing the dialog box makes the logical Switch expression 
appear to no longer be associated with the cell, thereby mak 
ing the logical switch expression invisible or “implicit'. 
because the existence and nature of the logical Switch expres 
sion is not visible to the user solely by looking at the contents 
of the cell. However, the effects of the logical switch expres 
sion become manifest upon execution of the electronic 
spreadsheet. 
0011. The logical switch expression can be any legal 
spreadsheet expression that can be evaluated to logical TRUE 
or FALSE. If the logical switch expression evaluates to 
TRUE, the cell's corresponding expression is evaluated, a 
new result value is returned, and the cell's internal result 
buffer is updated accordingly. If the logical Switch expression 
evaluates FALSE, the cell's expression is not evaluated, and 
the cell's result buffer is returned unmodified. 

0012. In a preferred embodiment, individual switch 
expressions are initialized to a constant logical TRUE. In 
another preferred embodiment, the spreadsheet user interface 
Supports the interactive assignment of a Switch expression to 
any cell or range of cells within the spreadsheet, using dialog 
boxes and pop-up windows, for example. A user selecting a 
“cell state' display mode from a menu after selecting a cell 
will cause a dialog box to appear, along with an associated 
window that displays the associated logical Switch expres 
S1O. 

(0013 The default behavior of the improved electronic 
spreadsheet is unaffected by the extension and improvements 
described above if all individual logical switch expressions 
are initialized to a constant logical TRUE. In this case, a user 
can ignore the implicit conditionals. Alternatively, the user 
can mark arbitrary sets of cells, and then selectively assign 
logical Switch expressions to program desired electronic 
spreadsheet behavior beyond the capacity of known elec 
tronic spreadsheets, such as providing various orders of cell 
execution. 
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0014 Per certain embodiments, the conventional spread 
sheet metaphor can be efficiently and elegantly extended to 
meet many of the fundamental requirements of conditional 
expression execution in computer programming. 

BRIEF DESCRIPTION OF DRAWING 

00.15 Aspects of the disclosure will be more fully under 
stood from the following detailed description, in conjunction 
with the following figures, wherein: 
0016 FIG. 1 is a sequence of four instances of a portion of 
an electronic spreadsheet per one embodiment, each instance 
including a dialog box and a pop-up window making explicit 
the logical Switch expression of the conditional wrapper asso 
ciated with each cell of the embodiment; 
0017 FIG. 2 is a listing BASIC computer program that is 
the functional equivalent of the spreadsheet of FIG. 1; and 
0018 FIG. 3 is a flow chart illustrating an embodiment of 
a method of the invention for programming conditional 
execution in an electronic spreadsheet. 

DETAILED DESCRIPTION 

0019 Embodiments of the disclosure provide methods 
and apparatuses for programming conditional execution 
behavior in an electronic spreadsheet, and methods of pro 
gramming the order of execution of expressions associated 
with cells in an electronic spreadsheet. While providing such 
methods and apparatuses, the fundamental characteristics of 
conventional electronic spreadsheets can be preserved to a 
high degree. Moreover, the disclosed methods and appara 
tuses for programming conditional behavior in electronic 
spreadsheets may be made to be easy and intuitive to use. 
0020. An embodiment includes implicit conditional wrap 
pers associated with each cell of the electronic spreadsheet, 
whereby the execution of each cellular expression is condi 
tioned upon the state of an individually assigned logical 
Switch expression included in an associated implicit condi 
tional wrapper. 
0021 FIG. 1 shows sequence of four instances 1, 4, 7, 10 
of a portion of an electronic spreadsheet incorporating certain 
improvements of the present disclosure. In the first spread 
sheet instance 1, cell B1 is selected by a user, and is seen to be 
equal to the logical constant FALSE. After a user selects a 
“cell state' display mode form a pull-down menu, selecting a 
cell or plurality of cells causes an enable dialog box 2 to 
appear as well as causing an associated logical Switch expres 
sion pop-up window 3 to appear (also see FIG.3, step 15). The 
enable dialog box 2, Superimposed on the spreadsheet grid, 
shows that the enable Switch expression is equal to the logical 
constant TRUE, indicating that the expression in B1 will be 
executed. It is also possible for the user to change the enable 
Switch expression by entering a new enable Switch expression 
15, as shown in FIG. 3. 
0022. Thus, the value of B1 will be FALSE, provided that 
the enable switch expression that controls the execution of 
cell B1 is set to TRUE. The implicit conditional expression 
(including the enable Switch expression) that controls the 
execution of cell B1 is shown in the pop-up window 3 that 
appears with the enable dialog 2, and contains the logical 
expression: IF(TRUE, B1=FALSE). 
0023. In spreadsheet instance 4, cell B2 is selected and 
conditionally set equal to the result of the expression evalu 
ated in B3, based on the conditional expression in the pop-up 
window 6. Enable dialog 5 shows that the enable switch 
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expression is equal to the result of expression evaluated in cell 
B1. Since B1 is known to evaluate to FALSE, in this case, the 
expression in B2 will not be executed. The implicit condi 
tional expression associated with cell B2 is shown in the 
pop-up window 6. 
0024. In spreadsheet instance 7, cell B3 is selected and set 
equal to the result of an image measurement function per 
formed on an external image data buffer. Enable dialog 8 
shows that the enable Switch expression is equal to the logical 
constant TRUE, indicating that the expression in B3 will be 
executed. The implicit conditional expression associated with 
cell B3 is shown in the pop-up window 9. 
0025. In spreadsheet instance 10, cell B4 is selected and 
set equal to the result of a logical operation performed on the 
results of the expressions evaluated in B2 and B3. Enable 
dialog 11 shows that the enable Switch expression is equal to 
the logical constant TRUE, indicating that the expression in 
B4 will be executed. The implicit conditional expression 
associated with cell B4 is shown in the pop-up window 12. 
0026 Referring to FIG. 2, a BASIC program fragment 13 
shows the BASIC program steps that together are equivalent 
to the electronic spreadsheet program shown in FIG. 1. This 
BASIC program will exhibit the same behavior, i.e., evaluate 
expressions, assign values, and transfer program control, so 
as to achieve the same result as the execution of an the illus 
trated embodiment of an electronic spreadsheet, yet via an 
entirely different user interface. FIG. 2 emphasizes and illus 
trates that the illustrated example spreadsheet can achieve 
functionality that was previously not possible in electronic 
spreadsheets, and prior to the present disclosure, was possible 
only using computer languages like BASIC, COBOL, FOR 
TRAN, and C, for example. 
0027. In the forgoing example illustrated in FIG. 1, a 
spreadsheet is programmed to behave in one of two possible 
ways, depending on cell B1. If the expression in cell B1 is set 
to TRUE (thereby indicating that the spreadsheet is in training 
mode in the example of FIG. 1), the spreadsheet executes a 
training sequence whereby the results of an image measure 
ment executed in cell B3 are saved in cell B2 for future 
comparisons. 
(0028. If the expression in cell B1 evaluates to FALSE 
(thereby indicating testing mode in the example of FIG. 1), 
the training step associated with the expression in cell B1 is 
not executed. The expression in cell B4 goes on to perform a 
test which compares the current image measurement per 
formed in B3 to the measurement saved on the most recent 
training cycle in cell B2. 
0029. Other modifications and implementations will 
occur to those skilled in the art without departing from the 
spirit and the scope of the invention as claimed. Accordingly, 
the above description is not intended to limit the invention 
except as indicated in the claims now or as they may be 
amended. 

1-11. (canceled) 
12. Apparatus comprising: 
an electronic spreadsheet generator including a processor 

and memory configured to generate a spreadsheet in 
accordance with a spreadsheet application on a com 
puter screen, the spreadsheet having a plurality of cells; 

stored executable expressions respectively corresponding 
to select ones of the plurality of cells, the stored execut 
able expressions including a given executable expres 
sion corresponding to a given cell among the plurality of 
cells, the given executable expression including an 
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image measurement function configured to refer to and 
operate on image data in an image data buffer; 

a user interface configured to receive data for and to dis 
play, on a computer Screen, cells of the spreadsheet, the 
executable expressions; and 

an execution controller configured to cause the given 
executable expression corresponding to the given cell to 
be executed. 

13. The apparatus according to claim 12, wherein the user 
interface is configured to display, on the computer screen, 
cells of the spreadsheet while concurrently displaying, on the 
computer Screen, at least one of the executable expressions. 

14. The apparatus according to claim 12, further compris 
ing cell execution control Switch expressions. 
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15. The apparatus according to claim 14, wherein the 
Switch expressions are conditional Switch expressions. 

16. The apparatus according to claim 15, wherein the con 
ditional Switch expressions include cooperative conditional 
Switch expressions. 

17. The apparatus according to claim 12, wherein the 
Switch expressions include programmable Switch expres 
sions. 

18. The apparatus according to claim 17, wherein the pro 
grammable Switch expressions include programmable logi 
cal Switch expressions. 
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