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UTILITY PATENT APPLICATION OF

MICHAEL R. GENESERETH
MICHAEL A. KASSOFF
NATHANIEL C. LOVE

for

LOGICAL SPREADSHEETS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority from US provisional patent application number

60/599644 filed 8/6/2004, which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to computer-implemented methods and systems
involving spreadsheets, specifically spreadsheets that use relational logic and handle

inconsistencies.
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BACKGROUND OF THE INVENTION

Traditional computerized spreadsheet systems have enjoyed great success, due primarily
to their ability to automatically evaluate multiple mathematical formulas and display
updated calculated values whenever user-entered data changes. Traditional spreadsheets
employ a user interface for entering data and formulas into cells, combined with an
underlying computation engine to support and perform operations on the data according
to the formulas. A non-empty cell either contains a specific value entered by the user, or
contains a computed value calculated using the formula in the cell. A formula in a cell is a
single-valued function of other cells that assigns a unique value to the cell. The restriction
to single-valued functions prevents ambiguities in calculated values. Circular references
between formulas are not allowed, thus preventing inconsistencies from occurring. Thus,
the propagation of values within the spreadsheet is one-way from cells containing specific
user-entered data to computed cells containing formulas. For example, in the three-cell
spreadsheet of FIG. 1, cells labeled A and B contain user-entered data, while cell C
contains the formula C=A+B. The value of cell C is updated automatically based on the
values of cells A and B. The user is not permitted to directly change the calculated value
for cell C, nor is the spreadsheet permitted to change values in cells A and B. The
propagation is thus one-way from cells A and B to cell C, and the distinction between
calculated cells and cells containing user-entered values is explicitly determined by the
placement of the formula in cell C. One can also observe that the formula C=A+B is a
single-valued function which generates a unique value for C given values for A and B.
Although these properties of traditional spreadsheets provide simplicity and enforce

consistency, they do so at the cost of flexibility.

Another limitation of traditional spreadsheets is that the formulas are typically restricted

to algebraic operators (e.g., +, —, %, +, V, >) and logical connectives (e.g., A, v, —=). While
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these have sufficient expressive power for many applications, they are not powerful

enough to express the formulas desired for other applications.

In view of the widespread use of spreadsheets for many applications, it would be an

improvement in the art to overcome these limitations and other limitations.

SUMMARY OF THE INVENTION

The present invention provides a powerful computerized spreadsheet system with
numerous advantages over existing systems. The many-to-one functions of traditional
spreadsheets are generalized to many-to-many constraints. In contrast to traditional
spreadsheets in which cells must have one value or one formula defining the cell value,
cells in the present spreadsheet system can contain multiple values and be associated with
multiple constraints. In addition, the constraints are separated from the cells. Because
inconsistencies are not controlled by the restriction to unidirectional functions, the
spreadsheet system provides an innovative technique for calculating non-explosive

consequences for cells even in cases where the data is inconsistent with the constraints.

In contrast with traditional spreadsheets, the distinction between base cells and computed
cells is not fixed but dynamic, and the restriction to unidirectional propagation that is
found in traditional spreadsheets is relaxed to allow omni-directional propagation. In
addition, the formula language is not limited to functions formed from logical connectives
and/or algebraic operators, but can include general first-order logical relationships (e.g.,
allowing quantifiers V and 3). Moreover, the spreadsheet cells are structured, allowing
rows and columns to be quantified over, providing the ability for the spreadsheet to be

queried like a relational database.
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In one aspect, the invention provides a computer-implemented method for displaying
consequences in an electronic spreadsheet. A set of cells of the spreadsheet and a set of
logical constraints on possible values of the cells is specified. At various times during
interactive operation with a user, the set of cells may be dynamically partitioned into base
cells and computed cells. A set of user-specified values is assigned to the base cells.
Significantly, the user is allowed to specify values that may be inconsistent with the
specified logical constraints. Non-explosive logical consequences of the user-specified
values and the set of logical constraints are automatically computed to produce a
complete set of entailed values for the set of computed cells. Some computed cells may
have multiple entailed values. For each computed cell whose number of entailed values
exceeds a predetermined number of allowed values for the computed cell, a subset of the
entailed values is selected, where the size of the subset is no more than the number of
allowed values. Some of the entailed values and some of the user-specified values are
displayed. (Although all cells and their values may be displayed, it is not necessary to

display all cells and all values at once.)

Preferably, the cells are named cells, and may have structured names. The cells may also
be able to contain multiple values. The logical constraints are preferably formulated as
relational constraints expressed in a logical language encompassing first-order logic. The
non-explosive logical consequences may be found by computing logical consequences of
multiple consistent subsets of the user-specified values to produce multiple subsets of
the complete set of entailed values, and combining the multiple subsets of the complete
set of entailed values, e.g., by taking the union of the multiple subsets of the complete set
of entailed values. If one of multiple entailed values for a cell matches an existing value
contained in the cell, a subset of the entailed values for the cell may be taken by

eliminating all but a single entailed value. If the cell was just explicitly emptied by the
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user, the entailed values for the cell may be replaced by the empty set, eliminating all the

entailed values for that cell.

The dynamic partitioning of the set of cells into base cells and computed cells may
include one or more of the following: classifying a cell as a base cell when a user-specified
value 1s explicitly assigned to the cell, unclassifying a cell as a base cell when the cell
contains a value individually inconsistent with a user-specified value explicitly assigned to
another cell, unclassifying a cell as a base cell when the cell entails a value in another cell

and the value is explicitly changed or removed.

In one embodiment, the appearance of cells containing inconsistent values may be altered
when they are displayed. The alteration may include, for example, dynamically changing
the appearance of a subset of cells containing related inconsistent values when a user
pointer hovers over the subset of cells. The displaying may also include providing a menu
associated with a cell, where the menu contains a list of possible values. Preferably, the
possible values are classified, e.g., by labeling them as either being non-explosively

entailed, being non-explosively contradicted, or neither.

An interactive user interface may be provided for an electronic document such as a
spreadsheet document, an HTML document, a word processing document, and a PDF
document, in order to display the values and receive input from a user. Responsive to a
user instruction, values may be specified for cells, or existing values in cells may be
cleared. In addition, in response to a user instruction, values may be automatically
assigned to empty cells such that the automatically assigned values are consistent with
the logical constraints. A user may also give an instruction to execute an automatic altering

values of cells to reduce conflicts with the logical constraints.
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In brief, the present invention provides spreadsheet systems which allow for general
logical constraints and omni-directional propagation. These spreadsheets provide greater
benefits than traditional spreadsheets while preserving the key features of automatic
calculation of values and ease of administration. They have applications in data

management, design, and configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a traditional spreadsheet having two base cells and one
computed cell.

FIG. 2 is a schematic diagram of a computer system which may be used to implement a
spreadsheet system according to an embodiment of the invention.

FIG. 3 is a diagram illustrating the data structures contained within a spreadsheet.

FIG. 4 is a diagram illustrating a set of logical constraints that are used in a logical
spreadsheet according to an embodiment of the invention.

FIG. 5 is a diagram illustrating a set of core instructions that are used in a spreadsheet.

FIG. 6 is a schematic diagram of a logical spreadsheet having three cells dynamically
partitioned between base cells and computed cells according to an embodiment of
the invention.

FIGS. 7A and 7B show two tables as they might be displayed to a user in a spreadsheet
created using a spreadsheet system according to an embodiment of the invention.

FIG. 8 is a flowchart outlining steps performed by a spreadsheet system according to an
embodiment of the invention.

FIGS. 9A-D are schematic diagrams of four tables of an exemplary spreadsheet in an early
stage of modification by a user in accordance with an embodiment of the

invention.
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FIGS. 10A-D show the tables of the exemplary spreadsheet of FIGS. 9A-D in an
intermediate stage of modification by a user.

FIGS. 11A-D show the tables of the exemplary spreadsheet of FIGS. 10A-D in a later
stage of modification by a user.

FIGS. 12A-D show the tables of the exemplary spreadsheet of FIGS. 11A-D in a still

later stage of modification by a user.

DETAILED DESCRIPTION

A key feature of the logical spreadsheets of the present invention is that they allow for
inconsistency between the value assignments and the constraints. This approach differs
from the traditional consistency-maintaining techniques. In addition to allowing for
inconsistencies, these spreadsheets actually show the consequences of the value
assignments, even when the assignments are inconsistent with the constraints.
Consequences under inconsistency are computed using a non-explosive consequence
relation. As with traditional electronic spreadsheets, the spreadsheets of the present
invention may be implemented on a single computer 200 having a digital storage medium
202 and display 204, as shown in FIG. 2. Alternatively, the spreadsheet may be
implemented in a distributed computing environment, in separate computers over a
computer network, or in various other hardware and network architectures and computing
environments. Those skilled in the art will appreciate that many such implementations
and realizations are possible and that the invention is not in principle limited to any

specific one.

Definitions

The following definitions will be used for terms used in this description. In its most

abstract sense, a spreadsheet 300 can be defined as a collection of n cells 302 together
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with a set of possible values for these cells 304, as shown in FIG. 3. The set of possible
values for the cells is called the spreadsheet’s domain. Cells can be associated with values
in the domain. We represent these associations with sets of ground atomic sentences with
a unary relation constant. The individual unary ground atomic sentences are called value
assignments. A spreadsheet also includes a set of value assignments to the cells 306. A
value map 1is a set of value assignments in which each cell is assigned at most one value.
For example, {p(a), g(b)} means that cell p has value a and cell ¢ has value b. A value
map is complete if and only if it provides a value for every cell; otherwise, it is partial. An

update request is a value map together with a set of cells to be emptied.

A logical spreadsheet is a spreadsheet together with a set of logical constraints 400, as
shown in FIG. 4. The vocabulary of the constraint language for logical spreadsheets
consists of a finite set of unary relation constants, which serve as names for the cells of
our spreadsheet, a set of interpreted n-ary relation constants including algebraic
operators, along with a set of object constants, representing objects in the domains of the
cells. Logical sentences are built up in the usual way from this vocabulary and the binary
relation symbol = (equality), using the logical connectives — (negation), A (conjunction), v
(disjunction), = (implication) and <> (equivalence) and the quantifiers V (universal
quantification) and 3 (existential quantification). We use a standard model theory and
proof theory. The constraints 400 typically include basic constraints 402 that are
common to most spreadsheet documents in the spreadsheet system and domain

constraints 404 that are customized by the user for each spreadsheet document.

Because spreadsheets are invariably realized on electronic computers as electronic
spreadsheets, the term spreadsheet is often used interchangeably with electronic
spreadsheet, and may also be used to include other associated features. For example, a

spreadsheet typically has a set of core instructions 500 including instructions for a user
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interface 502 and a computation engine 504 for updating calculated cells, as shown in
FIG. 5. The update computation engine contains update semantics that specify the
manner in which the values of cells automatically change after a user explicitly makes a
modification to a cell. Update semantics include, for example, one or more notions of
consequence that are used to compute the values in computed cells from user-specified
values in base cells and the logical constraints. Spreadsheets of the present invention use a
non-explosive or paraconsistent consequence relation. In preferred embodiments, the non-
explosive consequence relation is called existential Q-entailment. A set of value
assignments A existentially Q-entails a value assignment ¢ if and only if there is some
subset of value assignments A C A consistent with a set of constraints Q such that A U Q

logically entails ¢.

Embodiments of the present invention will now be described in detail with reference to
the drawing figures. It will be appreciated that the following description contains many
examples for illustrative purposes only. Accordingly, the full scope of the invention

should not be limited by the specific details used below.

Hllustrative Examples

It is instructive to illustrate the innovative features of spreadsheets of the invention by
first considering some simple examples of these spreadsheets in action. For example, the
three-cell traditional spreadsheet of FIG. 1 may be contrasted with the three-cell logical
spreadsheet of FIG. 6. As already discussed above, the traditional spreadsheet has a one-
way propagation from user-specified values in cells A and B to a calculated value
determined by the function in cell C. That is, one can specify values for A and B and the
spreadsheet will automatically calculate C, but one can not specify values for A and C

and obtain the value for B. In contrast, the logical spreadsheet of FIG. 6 has three cells
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and a separate formula C=A+B that acts as a constraint on the values of the three cells
that allows propagation of values to take place in any direction. For example, if a user
enters values in cells B and C, then a value for cell A is computed as a consequence. Or, if
a user enters values in cells A and C, then a value for cell B is computed. This example
not only illustrates the omni-directional propagation, but also shows how cells
dynamically change between computed cells and base cells. This increased flexibility
introduces the possibility that the user may enter values in all three cells that are
inconsistent with the constraints on those cells. For example, a user may enter 1 in cell A,
1 in cell B, and 3 in cell C. Since 1+1#£3, these user-specified values are inconsistent with
the relation A+B=C. Accordingly, logical spreadsheets of the present invention include
various innovative techniques to handle the complexities that arise from this increase in

flexibility, as will be described in more detail below.

LAYING OUT CELLS AND TABLES

In a preferred embodiment, a user creating a new logical spreadsheet document is
presented with a blank canvas, a textual constraint editor, and a domain editor. The user
begins by placing cells and textual labels on the canvas. The user may also place static text
onto the canvas, change the color scheme, etc. A cell may have any number of modalities,
such as a drop-down list or a type-in field. In addition, cells may be arranged into tables,
complete with row and column names. This arrangement of cells into tables serves not
only to visually organize cells, but also allows cells to be given names based on their rows
and columns. For example, FIGS. 7A and 7B show two tables as they might be displayed
to a user in a spreadsheet created to implement a simple room management system. The
Event table in FIG. 7A has three rows (E1, E2, E3), representing events which need to
be scheduled, and four columns (Owner, Projection, Room, Time), containing some
properties of the events, namely their owner, whether a projector is required, their room,

and their time. The Schedule table shown in FIG. 7B represents the schedule for the
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rooms, where each cell contains the event scheduled in a given room at a given time. It has
three rows (Morning, Afternoon, Evening) representing the available times and three

columns (G100, G200, G300), representing the available rooms.

DEFINING CELL DOMAINS

The user can also create domains for cells using a textual editor and associate each cell
with a domain. These domains are used to populate cell drop-down lists. For example, the
cells in the table of FIG. 7B take values from a list of events (E1, E2, E3). In FIG. 7A,
the cells in the Owner column take values from a list of names (Amy, Bob, Cal), the
Projection column takes values from a Yes/No list, the Room column takes values from
a list of available rooms (G100, G200, G300), and the Time column takes values from a
list of available times (Morning, Afternoon, Evening). In some embodiments, the
number and rows and columns as well as the labels for the row and column heads are
automatically updated as appropriate when the corresponding domains are redefined.

With the row and column labels, the cells acquire structured names. For example, the
structured name schedule[morning,g100] refers to the cell in the schedule table in
the Morning row and the g100 column. This structured name allows rows and columns
to be quantified over. In addition to improving the user experience by reducing the
replication typically required in a traditional spreadsheet, structured names allow tables
to be queried in a manner similar to database tables. Indeed, since all rows in a table are
named, one can either treat a row as a tuple with attributes named by the columns, or

treat a column as a tuple with attributes named by the rows.

FORMULA LANGUAGE AND CONSTRAINTS

Once the cells and tables are laid out, the user can create constraints that express

relationships between cells. The constraints may be written as textual formulas using a
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variant of first order logic. Formulas can be built up from these structured names and the
binary relation symbol = (equality), using the logical connectives — (negation), A
(conjunction), v (disjunction), = (implication) and < (equivalence) and the quantifiers V
(universal quantification) and 3 (existential quantification). There are no restrictions on
these formulas.. For convenience, users may define new n-ary relations using < and use
these in an unrestricted manner. Decidability is preserved since these n-ary relations are
reducible to unary ones. For example, Table 1 shows the set of constraints for the room
manager spreadsheet shown in FIGS. 7A and 7B. Note that free variables are considered

to be universally quantified.

No. | Constraint

1 event[E,room](g100) or event[E,room](g200) or event[E,room](g300)

2 event[E time](morning) or event[E time](afternoon) or event[E time](evening)

3 schedule[T,R](E) < event[E time](T) A event[E,room](R)

4 event[E,projection](yes) A event[E,room](R) = room[R,projector](yes)

5 event[E,owner](P) A person[P,faculty](no) = - event[E,room](g100)
Table 1

The constraints 1 and 2 dictate that every event has a room and a time in the room and
time domains, respectively. Constraint 3 relates the schedule table in FIG. 7A to the
event table in FIG. 7B. Constraint 4 states that if an event requires a projector then it
must be scheduled in a room with a projector. Constraint 5 states that only faculty

members can reserve room g100.

UPDATES AND COMPUTING CONSEQUENCES

Once the spreadsheet is set up, the user may proceed to use the newly created
spreadsheet. As the user enters and deletes values from cells, the values in other cells may
be changed automatically based on the logical constraints which have been defined. An
overview of the process is shown in the flowchart of FIG. 8. In step 802 a user makes an
explicit change to a cell, e.g., if the cell has a value, either changing the value or clearing the

cell; and if the cell is empty, entering a value in the cell. In step 804 the cells are
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automatically partitioned into base cells and computed cells. The non-explosive
consequences of base cells are computed in step 806, producing sets of entailed values for
the computed cells. In some cases, the number of entailed values for a cell may be reduced
in step 808. Step 810 then displays values of the base cells and computed cells. The

above steps will now be described in more detail.

In preferred embodiments, a user interface is provided to allow a user to make changes to
the values in cells (step 802). The user interface may include, for example, a display of
some or all of the cells, with drop-down or pop-up menus to facilitate data entry. The
menus may contain lists of values which may be organized or categorized to further
facilitate interactivity with the user. A user can modify a cell in one of three ways: The
user can assign a value to a previously empty cell, change a value currently assigned to a

cell to another value, or empty a cell that currently has a value.

Once a user-specified change has been made to a cell, the cells are dynamically partitioned
into “base cells” and “computed cells” (step 804). In particular, if a cell has been directly
modified by the user, the cell is classified automatically as a base cell. In addition, some
other cells then lose their status as base cells and are reclassified as computed cells.
Specifically, in the case of a new value assignment to a cell, any base cells with values
that, together with the constraints, directly contradict the newly assigned value are
reclassified as computed cells. In the case of a cell that is emptied of a value, any cells
with values that, together with the constraints, directly entail a value in the emptied cell
are reclassified as computed cells. In the case where two or more base cells have values
that together contradict the newly assigned value but none does individually, these cells
are left as is and do not lose their status as base cells. This leads to inconsistency.
Similarly, if two or more cells have values that together entail a value in the newly

emptied cell but none does individually, these cells are left as is and remain base cells.
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This leads to the newly empty base cell having an entailed value. Note that since the
newly emptied cell is now a base cell, the cell does not contain a computed value and

remains empty. This completes the dynamic partitioning of cells.

After the partitioning of base and computed cells, the set of entailed values is calculated
(step 806). The entailed values are the non-explosive consequences of the values in the
base cells and the specified logical constraints. To calculate the non-explosive
consequences, a paraconsistent consequence relation called existential Q2-entailment is
preferably used. In other words, the non-explosive logical consequences may be found by
1) identifying subsets of the set of values in the base cells that are consistent with the
logical constraints, using for example the resolution proof technique to determine
consistency, 2) computing the logical consequences of the identified consistent subsets
and the logical constraints to produce corresponding sets of entailed values for the
computed cells, and 3) combining the computed sets of entailed values to form a complete
set of entailed values, e.g., by taking their union or intersection. Which particular
combination is used will depend on the application, though in the preferred embodiment,

the union is taken.

The next step is to fill the computed cells with the existential €2-consequences of the base
values and the constraints. However, the complete set of entailed values does not
necessarily provide one unique value for each computed cell, so in some cases the set of
entailed values may be subsetted (step 808). If a computed cell is allowed to contain just
one value, but more than one entailed value is computed for the cell, then the number of
entailed values may be reduced to one using inertia as a tie-breaker: if the cell contained a
value before the update and the value is still existentially Q-entailed, then that value
remains in the cell. If there are multiple existentially ©2-entailed values for a computed cell

but none of these was in the cell before the update, the cell is left empty. Similarly, if a
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cell can contain multiple values, but the number of entailed values exceeds the number of
allowed values, then the number of entailed values may be reduced to the required number
using inertia as a tie-breaker: if the cell contained a value before the update and that value
is still existentially Q2-entailed, then that value remains in the cell. Again, if there are more
than the maximum allowed existentially 2-entailed values for a computed cell but none of

these was in the cell before the update, the cell is left empty.

Finally, the values are displayed to the user via a user interface (step 810). Some or all of
the values for the base cells and computed cells may be displayed, depending on the
particular layout in current use. In the case of a layout that contains all tables and cells, all
the values might be displayed. Other layouts may display a subset of the base cells and
computed cells, in which case a subset of the values is displayed. Spreadsheet systems of
the present invention may be implemented with many different user interfaces. In a
preferred embodiment, the user interface implements features such as drop-down menus
to select values from domains and shaded cells to indicate inconsistent values. Shading,
coloring, and various other types of markings or highlighting of cells can also be used to
show which cells are base cells, computed cells, never-modified cells, recently modified
cells, and newly modified cells. In addition, a mouse-over (i.e., placing a user-controllable
pointer over a cell) can result in a highlight of a group of cells that are related (e.g., cells
that are in conflict with a common constraint, or cells that are related by a common
constraint). A group of cells in conflict with a particular constraint can be determined

using standard database techniques to query for values that do not satisfy the constraint.

UPDATE ILLUSTRATION

The technique described above for updating cells will now be illustrated using the room

management system discussed earlier in relation to FIGS. 7A and 7B. The room manager
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consists of four tables, named event, schedule, room, and person, shown
schematically in FIGS. 9A-D, respectively. The event table contains event requests, each
of which has an owner, a specification of whether a projector is needed, a room, and a
time. The schedule table contains a schedule of the events. The information is redundant
with the first table but is useful because it offers a different view. The room table lists
whether or not each room has a projector. The person table lists whether each person is
a faculty member or not. The values in the person and room tables are entered by the

user before scheduling specific events.

An administrator using the spreadsheet has the task of assigning to three new events a
room and a time. The user begins by specifying values for cells in the owner and
projection columns of the event table, as shown in FIG. 9A. These values specify, for

each event, the event owner’s name and whether a projector is needed.

After entering a value in a cell, the spreadsheet system responds by automatically
updating the spreadsheet. First, the system determines which cells are base cells and
which are computed cells. As shown in the figures, base cells are marked with a triangle in
the upper left-hand corner of the cell, while computed cells are not. These are the cells in
which the user has explicitly specified values. The system then automatically computes
the non-explosive consequences of the base cells. In this example, the system
automatically computes the and displays a value g100 for the room of event €3 in the
event table. This value is entailed by the logical constraints since the user specified that

e3 requires a projector, and g100 is the only room with a projector.
As shown in FIGS. 10A-D, the user then specifies additional properties for event €1 in

the event table. In particular, the user selects g100 as the room for event €1 and

morning as its time. The system responds by classifying these cells as base cells and
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displaying them with a triangle, as shown in FIG. 10A. The system also responds by
automatically calculating entailed values. Specifically, the user’s specification of a room
and time for event €1 in the event table causes €1 to show up in the corresponding cell
in the schedule table, as shown in FIG. 10B. The user then directly modifies a cell in the
schedule table by assigning the value €2 to room g200 in the afternoon. The system
responds by automatically calculating the entailed values and displaying them in row €2
of the event table, as shown in FIG. 10A. This example illustrates the spreadsheet’s
ability to propagate values in multiple directions. That is, user modifications of values for
cells in the event table result in entailed values appearing in cells of the schedule table,

and vice versa.

Next, as shown in FIGS. 11A-D, the user moves €1 from morning to evening by clearing
the 100 morning cell and entering €1 in the g100 evening cell of the schedule table.
The spreadsheet system responds by reclassifying the e1 time cell of the event table
from a base cell to a computed cell. It also computes and displays the entailed value
evening for that cell, over-riding the previously specified morning value for the cell.
This illustrates how the automatic update of the spreadsheet deals with a direct conflict
between a value previously specified for a cell and a new entailed value for the cell that is

a consequence of a newly specified value in another cell.

As illustrated in FIGS. 11A-D, the user then changes the room assignment for €3 from
g100 to g200 by modifying the appropriate cell in the event table. The system
responds by reclassifying the cell from a computed cell to a base cell. The system also
responds by computing the entailed values. However, since €3 requires a projector and
g200 lacks a projector, these user-specified values are inconsistent with the logical
constraints. Nevertheless, the system allows the conflicting values to be entered. Since the

inconsistency is caused by multiple cells, the system responds by coloring or shading the
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conflicting cells. Specifically, a cell is colored if it contains a value that is non-explosively
contradicted by the values in the other cells. Note that if the conflict had been caused by a
value in just one cell, the system would have modified the existing value in the cell to
eliminate the conflict, as shown in the previous example. This example shows how the

spreadsheet system deals with conflicts caused by values in multiple cells.

The user does not have to resolve the conflict immediately. For example, as shown in
FIGS. 12A-D, the user may instead proceed to set the time of event €3 to the morning by
modifying the appropriate cell of the event table. The modified cell is automatically
marked as a base cell and event €3 appears automatically in the appropriate cell of the
schedule table. Thus, even though the specified values in the base cells remain
inconsistent with the constraints, the system is still able to compute entailed values using
existential Q-entailment and display the consequences of the (inconsistent) base
assignments. The administrator can remove the inconsistency and complete the event

scheduling by moving the projector from g100 into g200 (not shown).

VARIATIONS

Although the example spreadsheet illustrated above shows many of the features enjoyed
by most implementations of logical spreadsheets, there are some variations that are
worthy of explicit mention. The domains for cells may include various types of numbers
and logical values in addition to alphanumeric strings. Cells are not necessarily limited to
containing just one value, but could contain multiple values (e.g., someone’s three
children). Cells could also store vectors, arrays, matrices, tables, or other structured
values. In addition to constraints on the values of cells, logical constraints may also
embody constraints on changes in the values of the cells. It should also be emphasized
that the particular techniques for updating cells illustrated in the example above is just one

specific approach. There are other reasonable interpretations of what it means to be a
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consequence of an inconsistent spreadsheet, and such alternate interpretations may be
preferred in specific application areas. Moreover, alternate embodiments may include

user-selectable preferences that control the automatic update behavior.

Spreadsheet systems of the present invention may also include other additional features
such as an auto-complete feature and a deconfliction feature. In response to a user
instruction to auto-complete a spreadsheet, the system will fill in empty spreadsheet cells
with consistent values. The user can then alter or adjust the values to further customize
the solution. If deconfliction is activated, the system will change existing values that are
inconsistent to reduce or preferably eliminate inconsistencies. The user can then adjust
the values of cells to arrive at a suitable solution. Auto-completion can be implemented,
for example, by querying for empty cell values that satisfy the constraints given the
current cell values, using standard database query techniques.  Similarly, an
implementation of deconfliction can query for conflicted cell values that satisfy the

constraints given the non-conflicting cell values.

APPLICATIONS

It will be evident to those skilled in the art that the spreadsheet systems of the present
invention have many applications and uses. Here we mention just a few of the many
possible types applications. First, logical spreadsheets have applications to data
management. Logical spreadsheets facilitate the entry and editing of symbolic data
governed by symbolic constraints. “Correct on capture” data entry systems and resource
management systems, like the one illustrated in this description, are examples of this
capability. Logical spreadsheets could also be used as a “data browser” for the Semantic
Web. A Web-aware logical spreadsheet could be used to integrate data from different
sources and the translate data from one schema to another. Logical spreadsheets also are

useful in design applications. Configuration systems are good examples of the use of

S04-076/US 19



10

logical spreadsheets in design. Consider, for example, a configuration system to help users
design their own cars or computer systems. Another application of logical spreadsheets is
implementing smart forms. A spreadsheet with an HTML front end would allow users to
fill out online forms in which data is checked for semantic well-formedness. Interactive
documents are another application of logical spreadsheets. Systems can return
“Interactive answers” to users, e.g. simulations, which allow a user to experiment by
varying certain parameters while the system automatically propagates the consequences
of those variations. Consider, for example, a student learning how lenses refract light by
experimenting with different lens shapes. Spreadsheets could also support collaborative
applications if they were linked, with automatic propagation of values and constraints
among the connected spreadsheets. Linked spreadsheets of this sort would support a
wide variety of applications in cooperative design and collaborative management. In

addition, linking would allow the creation of a World Wide Spreadsheet.
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CLAIMS

1. A method for displaying consequences in an electronic spreadsheet, the method
comprising:

specifying a set of cells of the spreadsheet and a set of logical constraints on possible
values of the cells;

dynamically partitioning the set of cells into base cells and computed cells;

assigning to the base cells a set of user-specified values, wherein the user-specified values
are possibly inconsistent with the specified logical constraints;

computing non-explosive logical consequences of the user-specified values and the set of
logical constraints to produce a complete set of entailed values for the set of
computed cells;

reducing the number of entailed values for each computed cell whose number of entailed
values exceeds a predetermined number of allowed values for the computed cell;

and

displaying a subset of the entailed values and a subset of the user-specified values.

2. The method of claim 1 wherein the cells are named cells.

3. The method of claim 2 wherein the named cells have structured names.

4. The method of claim 1 wherein the cells are able to contain multiple values.

5. The method of claim 1 wherein computing the non-explosive logical consequences

comprises computing logical consequences of multiple consistent subsets of the
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10.

11.

12.

user-specified values to produce multiple subsets of the complete set of entailed

values, and combining the multiple subsets of the complete set of entailed values.

The method of claim 5 wherein the combining is done by taking the union of the

multiple subsets of the complete set of entailed values.

The method of claim 1 wherein dynamically partitioning the set of cells into base
cells and computed cells comprises classifying a cell as a base cell when a user-

specified value is explicitly assigned to the cell.

The method of claim 1 wherein dynamically partitioning the set of cells into base
cells and computed cells comprises unclassifying a cell as a base cell when the cell
contains a value individually inconsistent with a user-specified value explicitly

assigned to another cell.

The method of claim 1 wherein dynamically partitioning the set of cells into base
cells and computed cells comprises unclassifying a cell as a base cell when the cell

entails a value in another cell and the value is explicitly changed or removed.

The method of claim 1 wherein the logical constraints are formulated as relational

constraints expressed in a logical language encompassing first-order logic.

The method of claim 1 wherein the displaying comprises altering an appearance of

cells containing inconsistent values.

The method of claim 11 wherein the altering the appearance of cells containing

inconsistent values comprises dynamically changing the appearance of a subset of
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13.

14.

15.

16.

17.

18.

cells containing related inconsistent values when a user pointer hovers over the

subset of cells.

The method of claim 1 wherein the displaying comprises providing a menu
associated with a cell, wherein the menu comprises a list of possible values
classified as being non-explosively entailed, being non-explosively contradicted, or

neither.

The method of claim 1 wherein the displaying comprises providing an interactive

user interface for an electronic document.

The method of claim 14 wherein the electronic document is selected from the
group consisting of a spreadsheet document, an HTML document, a word

processing document, and a PDF document.

The method of claim 1 further comprising, responsive to a user instruction,
automatically assigning values to empty cells such that the automatically assigned

values are consistent with the logical constraints.

The method of claim 1 further comprising, responsive to a user instruction,
automatically altering values of cells to reduce conflicts with the logical

constraints.

The method of claim 1 wherein reducing the number of entailed values comprises
eliminating all but a single entailed value if the single entailed value matches an

existing value contained in the cell.
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ABSTRACT OF THE DISCLOSURE

A computerized spreadsheet system includes a set of cells and a separate set of logical
constraints on the values of cells. The constraints may be many-to-many relationships
that permit omni-directional propagation of values between cells. The constraints may be
expressed in a language encompassing first-order logic. Cells are dynamically reclassified
as base cells or computed cells as a user specifies values for cells. Non-explosive
consequences of the base cell values are computed and displayed in computed cells, even
when the values in the base cells are inconsistent with the constraints. The spreadsheet
system may also include an auto-complete feature that automatically fills in empty cells
with values consistent with the logical constraints and an auto-deconflict feature that

automatically changes values in cells to reduce conflicts with the logical constraints.
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Attornoy Docket No: S04-076/US
ASSIGNMENT

THIS ASSIGNMENT, by
Michael R. Genesereth, Michael Kassoff, and Nathaniel C. Love

(hereinafter referred to as the Assignors), residing at Palo Alto, California; Mountain View,
California; and San Francisco, California, respectively, witnesseth:

WHEREAS, said Assignors have invented certain new and useful improvements in
LOGICAL SPREADSHEETS

for which application no. 11/197123 has been executed on _| 1 IO[ QD_O(O

WHEREAS,
The Board of Trusfees of the Leland Stanford Junior University

(hereinafter referred to as the Assignee), a body having: corporate powers under the laws of the state of
CALIFORNIA, STANFORD, CALIFORNIA 94305, is desirous of obtaining the entire right, title and
interest in and to said inventions and said application for Letters Patent, and in and to any Letters Patent,
United States or foreign, to be obtained therefor and thereon;

EHEREAS. said Assigners and said Assignee have exccuted an Agreement Concerning Rights in
vention.

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00) and for other good and sufficient
considerations, the receipt of which is hereby acknowledged:

1. The Assignors have sold, assigned, transferred and set over, and do hereby sell, assign, transfer and set
over unto said Assignee, the entire right, tile and interest in, to and under said inventions; said application
for Letters Patent; any Letters Patent which may be granted for said inventions in the United States of
America and any foreign country; any division of said application, continuation of said application, and any
continuation-in-part of said application which is subject to said agreement concerning rights in invention;
any reissue or extension of said Letters Patent; and all rights under the Intenational Convention for the
Protection of Industrial Propesty; said right, title and interest to be held and enjoyed by said Asgignee for
its own use and behoove to the full end of the term for which Letters Patent may be granted, as fully and
ebgtirely as the same would have been held and enjoyed by the Assignors, had this sale and assignment not
en made.

2. Said Assignors hereby jointly and severally represent to the best of their knowledge that, at the time of
execution and delivery of these presents, said Assignors are the joint and lawful owners of the entire ri ght,
title and interest in and to said inventions and said application for Letters Patent, and that the same have not
entered into any assignmenm, contract or understanding in conflict herewith,

3. Said Assignors hereby jointly and severally covenant and agrees to assist and cooperate with said
Assignee, whereby said Assignee may enjoy to the fullest extent said right, title and interest herein
conveyed, provided, however, that the entire expense which may be incurred by said Assignors in lending
such assistance and cooperation be paid by Assignee. Such cooperation shall include; (a) prompt
execution of all papers (prepared at the expense of Assignee) which are deemed necessary or desirable by
Assignee to perfect said right, tifle and interest herein conveyed, (b) prompt execution of all petitions, oaths,
specifications, declarations and other papers (prepared at the expense of Assignee) which are deemed
necessary or desirable by Assignee for filing or prosecuting in the United States or any foreign country
said application, any application which is a division of said application, continuation of said application, or
any continuation-in-part of said application which is subject to said agreement concerning rights in
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invention, any reissue application for any Letters Patent granted on said application, or for any interference
proceeding invelving said application or Letters Patent granted thereon; and (¢) prompt assistance and
cooperation in the prosecution of all legal proceedings involving said inventions, said application, or Letters
Patent granted thercon, including oppositions, cancellation proceedings, priority contests, public use
proceedings and court actions.

4. The terms, covenants and conditions of this Assignment shall inure to the benefit of said Assignee, its
successors, assigns and/or other legal representatives, and shall be binding upon said Assignors, their heirs,
legal representatives and assigns.

5. The terms, covenants and conditions of this Assignment are subject to the payment of royalty by
Jltnssignee to Agsignors in accordance with the provisions of seid Agreement Concerning Rights in
vention.

6. Said Assignors hereby request the Commnissioner of Patents and Trademarks to issue said Letters Patent
of the United States to said Assignee as the assignee of said inventions.

IN WITNESS WHEREOF said Assignors have exccuted and delivered this instrument on the respective
dates noted helow.

pate: __1/5/0% b7
Michael R. Genesereth

State: County:

Subscribed and swom to before me on this day of .20
Notary Public

Date: | 79/76 G

' Michael Kassoff

State: County:

Subscribed and swom to before me on this day of »20
Notary Public
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"

State: County:

Subscribed and sworn to before me on this day of

“Nathaniel C, Love

Date: I/‘/ﬂ /WL b C e

Notary Public

Assignment, Page 3 of 3




POWER OF ATTORNEY BY ASSIGNEE

The undersigned assignee of the entire interest in application no. 11/197123 filed 8/4/2005 for the
invention entitled:

Logical Spreadsheets

hereby appoints Ron Jacobs, Reg. No. 50,142, Thomas J. McFarlane, Reg. No. 39,299, Marek Alboszia,
Reg. No. 39,894, Robert Lodenkamper, Reg. No. 55,399, Kenneth M. Benderly, Reg. No. 51,453, and
Miriam Kaplan, Reg. No. 55,315, as its agents to prosecute the attached application and to transact all
business in the Patent and Trademark Office connected therewith, said appointment to be to the exclusion
of the inventor(s) and their attorney(s) in accordance with the provisions of Rule 32 of the Patent Office
Rules of Practice. :

Please direct all communication relative to said application to the following correspondence address:
LUMEN INTELLECTUAL PROPERTY SERVICES, INC.

2345 Yale Street, Second Floor
Palo Alto, CA 94306
Phone: (650) 424-0100
Fax: (650) 424-0141

1 am duly authorized to sign this instrument on behalf of assignee. I hereby declare that, to the best of my
knowledge and belief, title is in the assignee and believe that said application has been assigned to assignee
and that assignee therefore has the right to make this Power of Attorney and Exclusion of Inventor(s).

I declare that all statements made herein of my own knowledge are true and that all statements made on
information and belief are believed to be true; and further, that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or
both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may
jeopardize the validity of the application or any patent issued thereon.

ASSIGNEE: The Board of Trustees of the Leland Stanford Junior University
Stanford University
Office of Technology Licensing

1705 El Camino Real
Palo Alto, CA 94306

Official Authorized to Act,on Behalf of Assignee:

Signature: W ak Date: /e 0/ 3#05/

Name; KQ"H’\G M ne. KM
Title: Director, Ofce o Tec,hno‘og\f LICQV\3”15

Docket No: S04-076/US Power of Attorney by Assignee



Appl. No.: 11/197123
Conf. No.: 4774

First named inventor: Genesereth, Michael R.

Filing date: 8/4/2005

Title: Logical Spreadsheets
TC/A.U.: 2178

Examiner: Stork, Kyle R
Docket No.: S04-076/US
Customer No.: 30869

Commissioner for Patents
PO Box 1450
Alexandria VA 22313-1450

RESPONSE TO ACTION
Sir:

In response to the Office action of 6/24/2008, please reconsider the above-identified

application in view of the following amendments and/or remarks.
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Amendments to the Claims
Replace all prior versions and listings of claims in the application with the following list of

claims.

1. (currently amended) A method for displaying consequences in an electronic
spreadsheet, the method comprising:

specifying a set of cells of the spreadsheet and a set of logical constraints on possible values of
the cells;

dynamically partitioning the set of cells into base cells and computed cells;

assigning to the base cells a set of user-specified values, wherein the user-specified values are
possibly inconsistent with the specified logical constraints;

computing non-explosive logical consequences of the user-specified values and the set of logical
constraints to produce a complete set of entailed values for the set of computed cells;

reducing the number of entailed values for each computed cell whose number of entailed values
exceeds a predetermined number of allowed values for the computed cell;

and

displaying a subset of the entailed values and a subset of the user-specified values [[.]] 3

wherein computing the non-explosive logical consequences comprises computing logical

consequences of multiple consistent subsets of the user-specified values to produce

multiple subsets of the complete set of entailed values, and combining the multiple

subsets of the complete set of entailed values.

2. (original) The method of claim 1 wherein the cells are named cells.
3. (original) The method of claim 2 wherein the named cells have structured names.
4. (original) The method of claim 1 wherein the cells are able to contain multiple values.

5. (cancelled)
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10.

11.

12.

13.

(currently amended) The method of claim [[5]] 1 wherein the combining is done by

taking the union of the multiple subsets of the complete set of entailed values.

(original) The method of claim 1 wherein dynamically partitioning the set of cells into
base cells and computed cells comprises classifying a cell as a base cell when a user-

specified value is explicitly assigned to the cell.

(original) The method of claim 1 wherein dynamically partitioning the set of cells into
base cells and computed cells comprises unclassifying a cell as a base cell when the cell
contains a value individually inconsistent with a user-specified value explicitly assigned

to another cell.

(original) The method of claim 1 wherein dynamically partitioning the set of cells into
base cells and computed cells comprises unclassifying a cell as a base cell when the cell

entails a value in another cell and the value is explicitly changed or removed.

(original) The method of claim 1 wherein the logical constraints are formulated as

relational constraints expressed in a logical language encompassing first-order logic.

(original) The method of claim 1 wherein the displaying comprises altering an

appearance of cells containing inconsistent values.

(original) The method of claim 11 wherein the altering the appearance of cells containing
inconsistent values comprises dynamically changing the appearance of a subset of cells

containing related inconsistent values when a user pointer hovers over the subset of cells.
(original) The method of claim 1 wherein the displaying comprises providing a menu

associated with a cell, wherein the menu comprises a list of possible values classified as

being non-explosively entailed, being non-explosively contradicted, or neither.
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14.

15.

16.

17.

18.

(original) The method of claim 1 wherein the displaying comprises providing an

interactive user interface for an electronic document.

(original) The method of claim 14 wherein the electronic document is selected from the
group consisting of a spreadsheet document, an HTML document, a word processing

document, and a PDF document.

(original) The method of claim 1 further comprising, responsive to a user instruction,
automatically assigning values to empty cells such that the automatically assigned values

are consistent with the logical constraints.

(original) The method of claim 1 further comprising, responsive to a user instruction,

automatically altering values of cells to reduce conflicts with the logical constraints.
(original) The method of claim 1 wherein reducing the number of entailed values

comprises eliminating all but a single entailed value if the single entailed value matches

an existing value contained in the cell.
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REMARKS/ARGUMENTS

Remarks concerning amendments to claims

Claim 1 and 6 are amended. Claim 5 is cancelled. Claims 1-4 and 6-18 remain.

Response to rejections

In the most recent Action, the Office rejected claims 1,4-5,7-11, and 14-18 under 35 USC
102(b) as being anticipated by Felfernig. Claims 2-3 and 6 were rejected under 35 USC 103(a) as
being unpatentable over Felfernig. Claims 12 and 13 were rejected under 35 USC 103(a) as

being unpatentable over Felfernig in view of Wilson.

Regarding claim 1, Applicant respectively disagrees with the allegation that Felfernig teaches all
the limitations of the claim. Although Felfernig teaches an extension of the functionality of
conventional spreadsheet systems, Felfernig neither teaches nor suggests several features that are

explicitly claimed.

The Action alleges that Felfernig teaches the claimed computing of non-explosive consequences,
producing a complete set of entailed values from possibly inconsistent user specified values.
Applicant disagrees. In fact, Felfernig does not teach computing a complete set of entailed
values. Felfernig’s system merely provides a technique for enforcing logical constraints on cells
using a constraint solver. That is, Felfernig’s system is limited to finding consistent solutions: “If
- during the propagation process of the user inputs - the solver detects a constraint violation...the
user will be prompted the information which of his/her selections caused a constraint violation
and which value selections have to be undone or changed.” (Felfernig, page 3, column 2).
Felfernig’s constraint solver system is not capable of finding solutions to possibly inconsistent
variable assignments by the user: “A solution to a CSP is a value assignment to each problem

variable such that no constraint is violated” (Felfernig, page 2, column 1).

In contrast with Felfernig, the claimed invention computes a complete set of entailed values for

the set of computed cells by computing non-explosive logical consequences of the possibly
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inconsistent user-specified values and the set of logical constraints. Computing a set of
consistent solutions, as taught by Felfernig, is not the same as computing a complete set of
entailed values, as claimed. For example, in the case of inconsistent user-specified values,
Felfernig’s constraint solver will produce no consistent solutions unless the inconsistent values
are undone or changed. In contrast, the complete set of entailed values produced by the claimed
method will include computed values of inconsistent values because the entailed values are not
all required to be consistent. The meaning of entailment is described in the following passage

from the specification:

After the partitioning of base and computed cells, the set of entailed values is calculated (step 806). The
entailed values are the non-explosive consequences of the values in the base cells and the specified logical
constraints. To calculate the non-explosive consequences, a paraconsistent consequence relation called
existential Q-entailment is preferably used. In other words, the non-explosive logical consequences may be
found by 1) identifying subsets of the set of values in the base cells that are consistent with the logical
constraints, using for example the resolution proof technique to determine consistency, 2) computing the
logical consequences of the identified consistent subsets and the logical constraints to produce
corresponding sets of entailed values for the computed cells, and 3) combining the computed sets of
entailed values to form a complete set of entailed values, e.g., by taking their union or intersection.

In order to clarify these significant differences between the claimed method and Felfernig’s
system, the Applicant has amended claim 1 to make explicit the claimed computing of entailed
values. Specifically, claim 1 is amended to state that the computing of the non-explosive logical
consequences comprises computing logical consequences of multiple consistent subsets of the
user-specified values to produce multiple subsets of the complete set of entailed values, and
combining the multiple subsets of the complete set of entailed values. Felfernig does not teach or

suggest any of these limitations.

More generally, neither Felfernig nor any other cited references teaches or fairly suggests an
extended spreadsheet system that produces a complete set of entailed values from possibly

inconsistent values specified by the user.

In addition, the claimed invention recites dynamic partitioning of the cells into base cells and
computed cells. Applicant respectfully disagrees with the Action’s allegation that Felfernig
teaches this claimed limitation. The Examiner reasons: “because the constraint values [of

Felfernig] are dynamically added to the problem space...these constraints are dynamic, and thus
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the cells which the constraints apply to are dynamic.” However, Felfernig’s dynamic addition of

constraints does not imply dynamic partitioning of cells. Dynamic constraints may reasonably be
argued to result in dynamic modification of the values assigned to cells, but dynamic constraints

do not imply the claimed dynamic partitioning of the cells into base cells and computed cells.

Accordingly, Felfernig does not, in fact, teach the claimed limitation.

Applicant also respectfully disagrees with the Action’s allegation that Felfernig teaches the
claimed reducing of the number of entailed values for each computed cell whose number of
entailed values exceeds a predetermined number of allowed values for the computed cell. Firstly,
Felfernig nowhere teaches or suggests any predetermined number of allowed values for any cell.
Nor does Felfernig teach or suggest any comparison of such predetermined number with a
computed number of entailed values for a computed cell. The cited passage of Felfernig (page 5,
column 2) teaches “While mathematical models in many cases are able to compute one optimal
solution, the search method used in our approach gives the user the possibility to compute
multiple alternative solutions.” Felfernig does not teach here the claimed reduction of entailed
values for each computed cell to a predetermined number of allowed values for each computed
cell. Felfernnig merely compares other methods that compute one optimal solution with his
approach which computes multiple alternative solutions. Felfernig does not teach any selection
of one of these alternatives or the specific reduction of entailed values for each computed cell to

a predetermined number of allowed values for each computed cell.

Applicant respectfully requests that a timely Notice of Allowance be issued in this case.

Respectfully submitted,

/ Thomas J. McFarlane /

Thomas J. McFarlane, Reg. No 39,299
LUMEN PATENT FIRM
2345 Yale Street, Second Floor
Palo Alto, CA 94306
(650) 424-0100
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REMARKS/ARGUMENTS

In the most recent Action, the Office rejected claims 1,4, 7-11, and 14-18 under 35 USC 102(b)
as being anticipated by Felfernig. Claims 2-3 and 6 were rejected under 35 USC 103(a) as being
unpatentable over Felfernig. Claims 12 and 13 were rejected under 35 USC 103(a) as being

unpatentable over Felfernig in view of Wilson.

In response, Applicant traverses the rejections on the grounds that Felfernig does not teach or
suggest the claimed limitations. Although Felfernig teaches computing values that are logically
consistent with constraints, Felfernig does not teach computing values that are logically entailed
from constraints. Applicant respectfully submits that the rejection is improper because, among

other things, it is based on a confusion of these distinct concepts.

The following discussion may assist in clarifying the difference between these concepts.

Logical consistency: A constraint and one or more value assignments are consistent if and only

if their logical conjunction does not imply a logical contradiction.

Logical consequence: A constraint and given value assignments logically entail a value if the

value is a logical implication of the constraint and value assignments.

Example 1. Consider the constraint “p or q” and a value assignment set {“p is true”}. These are
consistent with the value assignment “q is true” because “true or true” is not a logical
contradiction. They are also consistent with the value assignment “q is false” because “true or
false” is not a logical contradiction. However, neither “q is true” nor “q is false” is a logical
consequence. Thus, although these two value assignments for q are consistent with the

constraint “p or q”’ and value assignment “p is true”, they are not consequences of them.
y

Example 2. Consider the constraints “not p or not q” and “p=>r” and the set of value

29 <6

assignments {“p is true”, “q is true”}. Because the constraints and value assignments for p and q
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are not mutually consistent, no value assignment for r is consistent. However, because any
consequence is an implication of a contradiction, both “r is true” and “r is false” are
consequences. Moreover, “r is true” is a consequence of the constraints “not p or not q”” and
“p=>r"" and the subset of the value assignments {“p is true”}, although “r is false” is not a
consequence of the constraints for any subset of the value assignments. Thus, r is a non-

explosive logical consequence.

The above examples clearly show that logical consistency and logical consequence are distinct
concepts. In particular, values that are consistent with constraints are not the same as values that

are consequences of those constraints.

Claim 1 recites the limitation of “computing non-explosive logical consequences of the user-
specified values and the set of logical constraints to produce a complete set of entailed values for

the set of computed cells.”

On page 3 of the Action, the Office alleges that this claim limitation is taught on page 3 of
Felfernig: “if a base input is non-compliant with the constraints, the underlying constraint
propagator dynamically infers a set of compliant values for the remaining computed cells.”
Felfernig does not teach “compliant” values. It is not clear to the Applicant what the Office
means by “compliant” values. Felfernig actually teaches that the constraint propagator calculates
consistent values: “The underlying constraint propagator is capable of inferring the set of still
consistent (allowed) values...At any stage, the user can initiate the search process such that the
constraint engine computes consistent values” (Felfernig, page 3, column 2). That is, Felfernig
teaches computing values that are consistent with the constraints and user-specified values, not
values that are logical consequences of the constraints and user-specified values. Thus, the
Office has not presented convincing evidence or reasoning that the recited limitation is in fact

taught by Felfernig.

Claim 1 also recites “computing logical consequences of multiple consistent subsets of the user-
specified values to produce multiple subsets of the complete set of entailed values, and

combining the multiple subsets of the complete set of entailed values.”
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On page 4 of the Action (and again on page 11), the Office alleges that this claim limitation is
taught on pages 3-4 of Felfernig: “Here, a subset of computed values is generated for each
remaining computed cell based upon the input to the base cell. Each subset consists of computed
cell values that meet the defined constraints.” Indeed, Felfernig teaches computing values that
are consistent with the constraints: “If the constraint solver finds a consistent assignment the
result is displayed in the output area” (Felfernig, page 3, column 2). But Felfernig does not teach
the claimed limitation of computing values that are consequences of the constraints. Nor does
Felfernig teach computing consequences of multiple consistent subsets. Because logically
consistent values are not the same as values that are logical consequences, the Office has not
presented convincing evidence or reasoning that the recited limitation is in fact taught by

Felfernig.

The Office argues on page 11 of the Action that “Felfernig discloses base cells having applied
logical constraints (page 3). Here, the cells may contain arithmetic and logical operators or
constraints (page 3, left column). Additionally, cells may have Constraint Satisfaction problems
applied. Therefore, Felfernig discloses the use of entailed values.” Applicant respectfully
disagrees. Felfernig’s application of logical constraints to cells is not the same as the claimed
computation of entailed values (i.e., logical consequences). Nor has Felfernig taught anything

resembling the claimed limitation of computing non-explosive logical consequences.

Claim 1 also recites “reducing the number of entailed values for each computed cell whose
number of entailed values exceeds a predetermined number of allowed values for the computed

cell.”

On page 4 of the Action, the Office alleges that this claim limitation is taught on page 5 of
Felfernig: “Here, one optimal solutions is calculated from multiple alternative solutions.” Indeed,
selection of an optimal solution from multiple alternative solutions reduces the solutions. But the
Office has not shown that Felfernig teaches the claimed limitation that entailed values are
reduced. Nor has the Office shown that Felfernig teaches the claimed limitation that the number

of entailed values exceeds predetermined number of allowed values for a computed cell. Because
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the Office has not considered these limitations in the claim, Applicant respectfully submits that

the rejection is improper.

In summarys, it is clear from the above that Felfernig’s system provides a technique for enforcing
logical constraints on cells using a constraint solver. That is, Felfernig’s system is limited to
finding consistent solutions. Felfernig does not, however, teach or suggest any method for
finding logical consequences or for finding non-explosive logical consequences of cells.
Moreover, none of the other cited references teaches or suggests the claimed limitations as
described above. Accordingly, Applicant respectfully submits that the claim 1 is patentable over

the cited references.

The above arguments apply also to claims 2-4 and 6-18, which dependent upon claim 1. In
addition, these claims recite various features that are not taught by the cited references, as

explained in the previously filed response.

Applicant respectfully requests that a timely Notice of Allowance be issued in this case.

Respectfully submitted,

/ Thomas J. McFarlane /

Thomas J. McFarlane, Reg. No 39,299
LUMEN PATENT FIRM
2345 Yale Street, Second Floor
Palo Alto, CA 94306
(650) 424-0100
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Amendments to the Claims
Replace all prior versions and listings of claims in the application with the following list of

claims.

1. (currently amended) A method for displaying consequences in an electronic
spreadsheet, the method comprising:

specifying a set of cells of the spreadsheet and a set of logical constraints on possible values of
the cells;

dynamically partitioning the set of cells into base cells and computed cells;

assigning to the base cells a set of user-specified values, wherein the user-specified values are
possibly inconsistent with the specified logical constraints;

computing non-explosive logical consequences of the user-specified values and the set of logical

constraints using a paraconsistent consequence relation to produce a complete set of

entailed values for the set of computed cells;

reducing the number of entailed values for each computed cell whose number of entailed values
exceeds a predetermined number of allowed values for the computed cell;

and

displaying a subset of the entailed values and a subset of the user-specified values;

wherein computing the non-explosive logical consequences comprises computing logical
consequences of multiple consistent subsets of the user-specified values to produce
multiple subsets of the complete set of entailed values, and combining the multiple

subsets of the complete set of entailed values.

2. (original) The method of claim 1 wherein the cells are named cells.
3. (original) The method of claim 2 wherein the named cells have structured names.
4. (original) The method of claim 1 wherein the cells are able to contain multiple values.

5. (cancelled)
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10.

11.

12.

13.

(previously presented) The method of claim 1 wherein the combining is done by taking

the union of the multiple subsets of the complete set of entailed values.

(original) The method of claim 1 wherein dynamically partitioning the set of cells into
base cells and computed cells comprises classifying a cell as a base cell when a user-

specified value is explicitly assigned to the cell.

(original) The method of claim 1 wherein dynamically partitioning the set of cells into
base cells and computed cells comprises unclassifying a cell as a base cell when the cell
contains a value individually inconsistent with a user-specified value explicitly assigned

to another cell.

(original) The method of claim 1 wherein dynamically partitioning the set of cells into
base cells and computed cells comprises unclassifying a cell as a base cell when the cell

entails a value in another cell and the value is explicitly changed or removed.

(original) The method of claim 1 wherein the logical constraints are formulated as

relational constraints expressed in a logical language encompassing first-order logic.

(original) The method of claim 1 wherein the displaying comprises altering an

appearance of cells containing inconsistent values.

(original) The method of claim 11 wherein the altering the appearance of cells containing
inconsistent values comprises dynamically changing the appearance of a subset of cells

containing related inconsistent values when a user pointer hovers over the subset of cells.
(original) The method of claim 1 wherein the displaying comprises providing a menu

associated with a cell, wherein the menu comprises a list of possible values classified as

being non-explosively entailed, being non-explosively contradicted, or neither.
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14.

15.

16.

17.

18.

(original) The method of claim 1 wherein the displaying comprises providing an

interactive user interface for an electronic document.

(original) The method of claim 14 wherein the electronic document is selected from the
group consisting of a spreadsheet document, an HTML document, a word processing

document, and a PDF document.

(original) The method of claim 1 further comprising, responsive to a user instruction,
automatically assigning values to empty cells such that the automatically assigned values

are consistent with the logical constraints.

(original) The method of claim 1 further comprising, responsive to a user instruction,

automatically altering values of cells to reduce conflicts with the logical constraints.
(original) The method of claim 1 wherein reducing the number of entailed values

comprises eliminating all but a single entailed value if the single entailed value matches

an existing value contained in the cell.
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REMARKS/ARGUMENTS

In the most recent Action, the Office rejected claims 1-4, 6-11, and 14-18 under 35 USC 103(a)
as being unpatentable over Felfernig et al in view of Breuer. Claims 12-13 were rejected under

35 USC 103(a) as being unpatentable over Felfernig and Breuer, and further in view of Wilson.

In response, Applicant amends claim 1 to clarify further the significant distinctions between the
claimed invention and the cited art. In addition, the Applicant traverses the rejections on the

grounds that the cited references do not teach all the features recited in the claims.

The claims, as amended, recite computing non-explosive logical consequences of the user-
specified values and the set of logical constraints using a paraconsistent consequence relation
to produce a complete set of entailed values for the set of computed cells. None of the cited
references can be reasonably interpreted as teaching the use of a paraconsistent consequence

relation to compute non-explosive logical consequences.

According to traditional logic, anything can be derived from a contradiction. The traditional
relation of logical consequence is thus said to be explosive. In contrast, a paraconsistent
consequence relation is non-explosive. The Stanford Encyclopedia of Philosophy defines a

paraconsistent consequence relation as follows:

A logical consequence relation, k=, is said to be paraconsistent if it is not explosive. Thus,

if = is paraconsistent, then even if we are in certain circumstances where the available

information is inconsistent, the inference relation does not explode into triviality.
<<http://plato.stanford.edu/entries/logic-paraconsistent/>>

In other words, while a traditional consequence relation will give explosive consequences from
inconsistent information, a paraconsistent consequence will not. None of the cited references,
however, teaches a paraconsistent consequence relation. Specifically, none teaches computing

non-explosive logical consequences of the user-specified values and the set of logical
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constraints using a paraconsistent consequence relation to produce a complete set of entailed

values for the set of computed cells.

Felfernig does not teach the claimed use of a paraconsistent consequence relation for computing
entailed values. Felfernig’s constraint solver system is not capable of finding solutions to
possibly inconsistent variable assignments by the user: “A solution to a CSP is a value
assignment to each problem variable such that no constraint is violated” (Felfernig, page 2,
column 1). Thus, Felfernig does not teach the claimed use of a paraconsistent consequence

relation to compute entailed values.

The claims, as amended, recite computing non-explosive logical consequences of the user-
specified values and the set of logical constraints using a paraconsistent consequence relation to
produce a complete set of entailed values for the set of computed cells. Felfernig, in contrast,
does not teach computing non-explosive logical consequences. Felfernig only teaches a
constraint propagator that calculates consistent values: “The underlying constraint propagator is
capable of inferring the set of still consistent (allowed) values...At any stage, the user can initiate
the search process such that the constraint engine computes consistent values” (Felfernig, page
3, column 2). That is, Felfernig teaches computing values that are consistent with the constraints:
“If the constraint solver finds a consistent assignment the result is displayed in the output area”
(Felfernig, page 3, column 2). Felfernig’s computed values are merely consistent values.
However, consistent values are not that same as the claimed non-explosive logical

consequences.

Moreover, Felfernig’s consistent values are different from the claimed non-explosive
consequences. As explained above, non-explosive consequences are the result of a
paraconsistent consequence relation, which allows consequences to be derived from inconsistent
information. Clearly, Felfernig’s consistent values are not consequences of a paraconsistent
consequence relation. Thus, Felfernig does not teach the computing non-explosive logical
consequences of the user-specified values and the set of logical constraints using a
paraconsistent consequence relation to produce a complete set of entailed values for the set of

computed cells.
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In addition, the Action mischaracterizes the claimed invention and incorrectly misquotes the
claim language in various places. For example, page 4 of the Action incorrectly states that the
claim recites “computing non-explosive logical consistencies [sic].” The claim actually recites
“computing non-explosive logical consequences.” Similarly on page 5 of the Action, the Action
mischaracterizes the claim as reciting “computing the logical consistencies [sic]” and
“computing non-explosive logical constraints [sic].” In fact, the claim recites computing non-
explosive logical consequences. Logical consequences are not the same as logical constraints
and not the same as logical consistencies. Again on page 6 of the Action, the Office misquotes
the claim as reciting “computing the logical constraints [sic].” The claim actually recites
“computing logical consequences.” The Office has therefore inaccurately characterized the

claim limitations is numerous places and based its rejection on misreadings of the claims.

The Office alleges on page 6 of the Action that Brauer teaches various limitations of claim 1 in
Fig. 10 and paragraphs 0015-0016 and 0062-0063. Applicant respectfully disagrees. Fig. 10
shows a conventional spreadsheet whose cells have circular references. The cited paragraphs
merely describe a method for providing an option to a user to manually change a non-circular
reference to a circular reference, and a method for making the cells self-consistent. Like
Felfernig, Brauer’s method has only to do with determining consistency of values. Brauer does
not teach computing logical consequences, does not teach non-explosive logical consequences,
and does not teach combining logical consequences of multiple consistent subsets of user-

specified values.

The Office argues that it would have been obvious to combine Felfernig with Brauer “since it
would have allowed a user to derive consistency within a spreadsheet from logically constrained
values.” The claimed invention, however, provides a method that allows for inconsistencies
within a spreadsheet, not for deriving consistencies. Combining Felfernig and Brauer would not
yield the claimed method for computing non-explosive logical consequences using a

paraconsistent consequence relation.
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The above arguments apply also to the dependent claims, which all depend from claim 1. In
addition, the dependent claims recite various features that are not taught by the cited references,

as explained in the previously filed responses.

Applicant respectfully requests that a timely Notice of Allowance be issued in this case.

Respectfully submitted,

/ Thomas J. McFarlane /

Thomas J. McFarlane, Reg. No 39,299
LUMEN PATENT FIRM
350 Cambridge Ave., Suite 100
Palo Alto, CA 94306
(650) 424-0100
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent in
a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the
filing of patent applications on the same invention in member countries, but does not result in a grant of "an
international patent” and does not eliminate the need of applicants to file additional documents and fees in
countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from
specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO
must issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent
application serves as a request for a foreign filing license. The application's filing receipt contains further
information and guidance as to the status of applicant's license for foreign filing,

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www._uspto.goviweb/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may
wish to consult the U.S. Government website, hitp://www.stopfakes.gov. Part of a Department of Commerce
initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual
property in specific countries such as China, Korea and Mexico. For questions regarding patent enforcement
issues, applicants may call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted
under 37 CFR 5.13 or 5.14.
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FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

lfems Required To Avoid Abandonment:

An application number and filing date have been accorded fo this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

o The statutory basic filing fee is missing.
Applicant must submit $ 150 to complete the basic filing fee for a small entity. .

¢ The oath or declaration is missing. A properly signed oath or declaration in compliance with 37 CFR 1.63,
identifying the application by the above Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or decfaration in compliance with 37 CFR 1.63
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary
interest, is required.

The applicant needs to satisfy supplemental fees problems indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

+ To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $65 for a small entity in compliance with 37 CFR 1.27, must be
submitted with the missing items identified in this letter. A

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $565 for a Small Entity

o 3150 Statutory basic filing fee.
o 365 Surcharge.

»_The application search fee has not been paid. Applicant must submit $250 to complete the search fee.
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e The application examination fee has not been paid. Applicant must submit $100 to complete the
examination fee for a small entity in compliance with 37 CFR 1.27

Replies should be mailed to:  Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

A copy of this notice MUST be returned with the reply.
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Office of Initial Patet/Examination (571) 272-4000, or 1-800-PTO-9199, or 1-800-972-6382
PART I - ATTORNEY/APPLICANT COPY
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The publication may be accessed through the USPTO's publicaly available Searchable Databases via
the Internet at www.uspto.gov. The direct link to access the publication is currently
http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication
to applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate
fee set forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handied by
the USPTO's Office of Public Records. The Office of Public Records can be reached by telephone at
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Pre-Grant Publication Division, 703-605-4283



UNITED STATES PATENT AND TRADEMARK OFFICE

UNDER SECRETARY OF COMMERCE FOR INTELLECTUAL PROPERTY AND @4— "‘O 7 @ / OS

DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK QFFICE

IR
PTAS

LUMEN INTELLECTUAL PROPERTY *¥103160982A%
SERVICES, INC.

2345 YALE STREET, 2ND FLOOR

PALO ALTO, CA 94306

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOQCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER
REFERENCED BELCW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE

INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA

PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD

FIND ANY ERRORS COR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY

CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 571L-272-3350.
PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK QOFFICE,
MAIL STOP: ASSIGNMENT SERVICES BRANCH, P.O. BOX 1450, ALEXANDRIA, VA 22313.

RECORDATICN DATE: 01/13/2006 REEL/FRAME: 017466/0104
NUMEBER OF PAGES: 4

BRIEF: ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS) .

ASSIGNOR:
GENESERETH, MICHAEL R. DOC DATE: 01/09/2006

ASSIGNOR:
KASSOFF, MICHAEL DOC DATE: 01/0%/2006

ASSIGNOR :
LOVE, NATHANIEL C. DOC DATE: 01/10/2006

ASSIGNEE :

THE BOARD OF TRUSTEES OF THE
LELAND STANFORD JUNIOR
UNIVERSITY

1705 EL CAMINC REAL

PALO ALTC, CALIFORNIA 94305

P.O. Box 1450, Alexandria, Virginia 223131450 - waw.USPTO.GOV



017466/0104 PAGE 2

SERTAL NUMBER: 11197123
PATENT NUMBER:
TITLE: LOGICAL SPREADSHEETS

MARCUS KIRK, EXAMINER
ASSIGNMENT SERVICES BRANCH
PUBLIC RECORDS DIVISION

FILING DATE:
ISSUE DATE:

¢8/04/2005



01/13/2

1

01 FC:

M

RE

01-19-2006

T TR

103160982

1.S. DEPARTMENT OF COMMERCE
Ited Stataes Patent and Trademark Office
L —— - — -

izl

ffecior of the LS. Patent and Trademark Office: Please record the attached documents or the new address{es) below.

1. Name of conveying party{ies)

Michael R. Geneserath
Michasel Kassoft
Nathanlel C. Love

Additional nama(s} of conveying party(ies) auached‘?DYes No

3. Nature of conveyance/Execution Date(s):
Execution Date(s) 1/10/2005

Assignment

L__| Security Agreement

D Joint Research Agreement
D Government Interest Assignment

|:| Executive Order 9424, Confirmatory License

Q Other

[ ] Merger
D Change of Name

| Street Address;

2. Name and address of receiving party(ies)
Name: The Board of Trusteas of the Laland Stanford Junlor University

Internal Address:

1705 El Cmalno Real

City: Palo Alto

State: ca

Country: Us Zip:94305

4. Application or patent number(s):

A, Patent Application No.(s)
11/197,123

HDESTAL 00000011 11197123

(ﬁmnb

[:l This document is being filed together with a new application,

Additional numbers attached? DYes No

Additional name(s) & address(es) attached? D Yes No

B. Patent No.(s)

5. Name and address t\o~qhom corraspondence
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Office Action Summary Examiner ArtUnit
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 04 August 2005.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-18 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) _____is/are allowed.
6)X] Claim(s) 1-18 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 04 August 2005 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJAIl  b)[]Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ___
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) & Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. ___

3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 8.4.05. 6) |:| Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20080422
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DETAILED ACTION
1. This non-final office action is in response to the application filed 4 August 2005.
2. Claims 1-18 are pending. Claim 1 is an independent claim.

Information Disclosure Statement
3. The information disclosure statement (IDS) submitted on 4 August 2005 is in
compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure

statement is being considered by the examiner.

Drawings

4. The examiner accepts the drawings filed 4 August 2005.

Claim Rejections - 35 USC § 102
5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreigh country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

6. Claims 1, 4-5, 7-11, and 14-18 are rejected under 35 U.S.C. 102(b) as being

anticipated by Felfernig et al. (“Developing constraint-based applications with
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spreadsheets,” published 1 January 2003 by Sprinter Berlin/Heidelberg, pp. 1-6,
hereafter Felfernig).

As per independent claim 1, Felfernig discloses a method for displaying
consequences in an electronic spreadsheet, the method comprising:

specifying a set of cells of the spreadsheet and a set of logical constraints on
possible values of the cells (Figure 1; page 3, left column: Here, a user defines the
variables with their domain, and the problem constraints to be applied to the values
within the domain)

dynamically partitioning the set of cells into base cells and computed cells (page
3, left column- page 3, right column: Here, based upon the constraints, one set of cells
inherently is a set of base cells, while a second set of cells is inherently a set of
computed cells. In the situation where an if-then-else constraint is used, the cell in
which the "if* statement is applied is a base cell. Further, the cell or cells in which the
"then" and "else" statements are applied to represent a set of computed cells, as these
cells are based upon the computation of the base cell. Further, because the constraint
values are dynamically added to the problem space (page 3, left column, final
paragraph), these constraints are dynamic, thus the cells which the constraints apply to
are similarly dynamic)

assigning to the base cells a set of user-specified values, wherein the user-
specified values are possibly inconsistent with the specified logical constraints (page 3,

left column- page 3, right column: Here, the user assigns inputs. Further, these inputs



Application/Control Number: 11/197,123 Page 4
Art Unit: 2178

may not initially comply with the underlying rules. However, a new set of values is
calculated for the remaining variables in order to maintain compliance)

computing non-explosive logical consequences of the user-specified values and
the set of logical constraints to produce a complete set of entailed values for the set of
computed cells (page 3, left column- page 3, right column: Here, if a base input is non-
compliant with the constraints, the underlying constraint propagator dynamically infers a
set of compliant values for the remaining computed cells)

reducing the number of entailed values for each computed cell whose number of
entailed values exceeds a predetermined number of allowed values for the computed
cell (page 5, left column- page 5, right column: Here, one optimal solutions is calculated
from multiple alternative solutions)

displaying a subset of the entailed values and a subset of the user-specified
values (page 3, right column: If the constraint solver obtains a suitable result, the data is
displayed)

As per dependent claim 4, Felfernig discloses wherein the cells are able to
contain multiple values (page 3, left column- page 3, right column: Here, each computed
cell is capable of having a plurality of possible values based upon the entered value of
the base cell. These possible values are values which meet the defined constraints).

As per dependent claim 5, Felfernig discloses wherein computing the non-
explosive logical consequences comprises computing logical consequences of multiple
consistent subsets of the user specified values to produce multiple subsets of the

complete set of entailed values, and combining the multiple subsets of the complete set
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of entailed values (page 3, left column- page 4, right column: Here, a subset of
computed values is generated for each remaining computed cell based upon the input
to the base cell. Each subset consists of computed cell values that meet the defined
constraints).

As per dependent claim 7, Felfernig discloses wherein dynamically partitioning
the set of cells into base cells and computed cells comprises classifying a cell as a base
cell when a user-specified value is explicitly assigned to a cell (page 3, left column).

As per dependent claim 8, Felfernig discloses wherein dynamically partitioning
the set of cells into base cells and computed cells comprises declassifying a cell as a
base cell when the cell contains a value individually inconsistent with a user-specified
value explicitly assigned to another cell (page 3, left column- page 3, right column:
Here, the AllDifferent constraint is taught. This constraint requires that all cells contain
different values. Based upon this constraint, the original cell, containing a user
specified value, would be declassified as a base cell, and therefore become a computed
cell).

As per dependent claim 9, Felfernig discloses wherein dynamically partitioning
the set of cells into base cells and computed cells comprises declassifying a cell as a
base cell when the cell entails a value in another cell and the value is explicitly changed
or removed (page 3, left column- page 3, right column).

As per dependent claim 10, Felfernig discloses wherein the logical constraints
are formulated as relational constraints expressed in a logic language encompassing

first-order logic (page 3, left column).
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As per dependent claim 11, Felfernig discloses wherein the displaying comprises
altering an appearance of cells containing inconsistent values (page 3, right column:
Here, a user inputs values. These values may create conflicts with calculated cells.
However, the calculated cells are recalculated based upon the inputted values, and the
new calculated values are propagated to remove inconsistencies. Therefore, the
appearance of the cells changes, as the old values are replaced with the new values).

As per dependent claim 14, Felfernig discloses wherein the displaying comprises
providing an interactive user interface for an electronic document (page 3, right column).

As per dependent claim 15, Felfernig discloses wherein the electronic document
is selected from the group consisting of a spreadsheet document, an HTML document,
a word processing document, and a PDF document (page 3, right column: Here, the
document is a spreadsheet document).

As per dependent claim 16, Felfernig discloses, responsive to a user instruction,
automatically assigning values to empty cells such that the automatically assigned
values are consistent with the logical constraints (page 3, left column- page 3, right
column).

As per dependent claim 17, Felfernig discloses, responsive to a user instruction,
automatically altering values of cells to reduce conflicts with logical constraints (page 3,
right column).

As per dependent claim 18, Felfernig discloses wherein reducing the number of

entailed values comprises eliminating all but a single entailed value if the single entailed
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value matches an existing value contained in the cell (page 5, left column- page 5, right

column).

Claim Rejections - 35 USC § 103
7. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

8. This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)

prior art under 35 U.S.C. 103(a).

9. Claims 2-3 and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Felfernig.
As per dependent claim 2, Felfernig discloses the limitations similar to those in

claim 1, and the same rejection is incorporated herein. Felfernig fails to specifically
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disclose wherein the cells are named cells. However, the examiner takes official notice
that it was notoriously well known in the art a the time of the applicant's invention that
spreadsheet programs such as Microsoft(r) Excel(r) disclosed, at the time of the
applicant’s invention, spreadsheets containing named cells, where the name of a cell
referred to the cells row and column. This naming convention allowed for the cells to be
referenced via functions. It would have been obvious to one of ordinary skill in the art at
the time of the applicant's invention to have combined the well known naming of cells
with Felfernig, thereby allowing for cells to be referenced for computing functions.

As per dependent claim 3, Felfernig discloses the limitations similar to those in
claim 2, and the same rejection is incorporated herein. Felfernig fails to specifically
disclose wherein the named cells have structured names. However, the examiner takes
official notice that programs such as Microsoft(r) Excel(r) disclosed, at the time of the
applicant’s invention, spreadsheets containing named cells, where the name of a cell
referred to the cells row and column. The naming convention of using rows and
columns creates a structured naming convention. Further, this naming convention
allowed for the cells to be referenced via functions. It would have been obvious to one
of ordinary skill in the art at the time of the applicant's invention to have combined the
well known naming of cells with Felfernig, thereby allowing for cells to be referenced for
computing functions.

As per dependent claim 6, Felfernig discloses the limitations similar to those in
claim 5, and the same rejection is incorporated herein. Felfernig discloses determining

an optimal solution (page 5, left column- page 5, right column: Here, one optimal
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solutions is calculated from multiple alternative solutions). Felfernig fails to specifically
disclose that the union of multiple subsets is used to determine entailed values.
However, it was notoriously well known in the art at the time of the applicant's invention
that, mathematically, a union is the overlap of multiple subsets. Therefore, applying a
union operation to the multiple subsets would determine the most commonly occurring
values for a plurality of computed cells, thereby creating an optimal set of solutions. It
would have been obvious to one of ordinary skill in the art at the time of the applicant's
invention to have combined the well known with Felfernig, since it would have allowed

for determination of a more optimal solution for calculated cells.

10. Claims 12 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Felfernig, and further in view of Wilson (US 2005/0226505, filed 31 March 2004).

As per dependent claim 12, Felfernig discloses the limitations similar to those in
claim 11, and the same rejection is incorporated herein. Felfernig fails to specifically
disclose wherein the changing the appearance of cells occurs in response to a user
pointer hovering over the subset of cells. However, Wilson discloses the use of a hover
in order to display menu options, thereby changing the appearance of the cells
(paragraph 0073). It would have been obvious to one of ordinary skill in the art at the
time of the applicant's invention to have combined Wilson with Felfernig, since it would
have allowed a user to view a selectable data item from the displayed subset.

As per dependent claim 13, Felfernig discloses the limitations similar to those in

claim 1, and the same rejection is incorporated herein. Felfernig discloses values as
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being non-explosively entailed, being non-explosively contradicted, or neither (page 3,
left column- page 3, right column: Here, all values inherently fall into the category of
being either non-explosively entailed or explosively entailed. Similarly, all values are
either non-explosively contradicted or explosively contradicted). Felfernig fails to
specifically disclose providing a menu associated with a cell, wherein the menu
comprises a list of possible values. However, Wilson discloses a menu (paragraph
0073). It would have been obvious to one of ordinary skill in the art at the time of the
applicant's invention to combine Wilson with Felfernig, since it would have allowed a

user to view a selectable data item from the displayed subset.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KYLE R. STORK whose telephone number is (571)272-
4130. The examiner can normally be reached on Monday-Friday (8:00-4:30).
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Stephen Hong can be reached on (571) 272-4124. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Kyle R Stork/
Kyle R Stork
Primary Examiner

Art Unit 2178

krs
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DETAILED ACTION
1. This final office action is in response to the amendment filed 4 December 2008.
2. Claims 1-4 and 6-18 are pending. Claim 1 is an independent claim.

Claim Rejections - 35 USC § 102
3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreigh country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

4. Claims 1, 4, 7-11, and 14-18 remain rejected under 35 U.S.C. 102(b) as being
anticipated by Felfernig et al. (“Developing constraint-based applications with
spreadsheets,” published 1 January 2003 by Sprinter Berlin/Heidelberg, pp. 1-6,
hereafter Felfernig).

As per independent claim 1, Felfernig discloses a method for displaying
consequences in an electronic spreadsheet, the method comprising:

specifying a set of cells of the spreadsheet and a set of logical constraints on
possible values of the cells (Figure 1; page 3, left column: Here, a user defines the
variables with their domain, and the problem constraints to be applied to the values
within the domain)

dynamically partitioning the set of cells into base cells and computed cells (page
3, left column- page 3, right column: Here, based upon the constraints, one set of cells

inherently is a set of base cells, while a second set of cells is inherently a set of
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computed cells. In the situation where an if-then-else constraint is used, the cell in
which the "if* statement is applied is a base cell. Further, the cell or cells in which the
"then" and "else" statements are applied to represent a set of computed cells, as these
cells are based upon the computation of the base cell. Further, because the constraint
values are dynamically added to the problem space (page 3, left column, final
paragraph), these constraints are dynamic, thus the cells which the constraints apply to
are similarly dynamic)

assigning to the base cells a set of user-specified values, wherein the user-
specified values are possibly inconsistent with the specified logical constraints (page 3,
left column- page 3, right column: Here, the user assigns inputs. Further, these inputs
may not initially comply with the underlying rules. However, a new set of values is
calculated for the remaining variables in order to maintain compliance)

computing non-explosive logical consequences of the user-specified values and
the set of logical constraints to produce a complete set of entailed values for the set of
computed cells (page 3, left column- page 3, right column: Here, if a base input is non-
compliant with the constraints, the underlying constraint propagator dynamically infers a
set of compliant values for the remaining computed cells)

reducing the number of entailed values for each computed cell whose number of
entailed values exceeds a predetermined number of allowed values for the computed
cell (page 5, left column- page 5, right column: Here, one optimal solutions is calculated

from multiple alternative solutions)
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displaying a subset of the entailed values and a subset of the user-specified
values (page 3, right column: If the constraint solver obtains a suitable result, the data is
displayed)

wherein computing the non-explosive logical consequences comprises
computing logical consequences of multiple consistent subsets of the user specified
values to produce multiple subsets of the complete set of entailed values, and
combining the multiple subsets of the complete set of entailed values (page 3, left
column- page 4, right column: Here, a subset of computed values is generated for each
remaining computed cell based upon the input to the base cell. Each subset consists of
computed cell values that meet the defined constraints).

As per dependent claim 4, Felfernig discloses wherein the cells are able to
contain multiple values (page 3, left column- page 3, right column: Here, each computed
cell is capable of having a plurality of possible values based upon the entered value of
the base cell. These possible values are values which meet the defined constraints).

As per dependent claim 7, Felfernig discloses wherein dynamically partitioning
the set of cells into base cells and computed cells comprises classifying a cell as a base
cell when a user-specified value is explicitly assigned to a cell (page 3, left column).

As per dependent claim 8, Felfernig discloses wherein dynamically partitioning
the set of cells into base cells and computed cells comprises declassifying a cell as a
base cell when the cell contains a value individually inconsistent with a user-specified
value explicitly assigned to another cell (page 3, left column- page 3, right column:

Here, the AllDifferent constraint is taught. This constraint requires that all cells contain
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different values. Based upon this constraint, the original cell, containing a user
specified value, would be declassified as a base cell, and therefore become a computed
cell).

As per dependent claim 9, Felfernig discloses wherein dynamically partitioning
the set of cells into base cells and computed cells comprises declassifying a cell as a
base cell when the cell entails a value in another cell and the value is explicitly changed
or removed (page 3, left column- page 3, right column).

As per dependent claim 10, Felfernig discloses wherein the logical constraints
are formulated as relational constraints expressed in a logic language encompassing
first-order logic (page 3, left column).

As per dependent claim 11, Felfernig discloses wherein the displaying comprises
altering an appearance of cells containing inconsistent values (page 3, right column:
Here, a user inputs values. These values may create conflicts with calculated cells.
However, the calculated cells are recalculated based upon the inputted values, and the
new calculated values are propagated to remove inconsistencies. Therefore, the
appearance of the cells changes, as the old values are replaced with the new values).

As per dependent claim 14, Felfernig discloses wherein the displaying comprises
providing an interactive user interface for an electronic document (page 3, right column).

As per dependent claim 15, Felfernig discloses wherein the electronic document
is selected from the group consisting of a spreadsheet document, an HTML document,
a word processing document, and a PDF document (page 3, right column: Here, the

document is a spreadsheet document).
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As per dependent claim 16, Felfernig discloses, responsive to a user instruction,
automatically assigning values to empty cells such that the automatically assigned
values are consistent with the logical constraints (page 3, left column- page 3, right
column).

As per dependent claim 17, Felfernig discloses, responsive to a user instruction,
automatically altering values of cells to reduce conflicts with logical constraints (page 3,
right column).

As per dependent claim 18, Felfernig discloses wherein reducing the number of
entailed values comprises eliminating all but a single entailed value if the single entailed
value matches an existing value contained in the cell (page 5, left column- page 5, right

column).

Claim Rejections - 35 USC § 103
5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

6. This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein

were made absent any evidence to the contrary. Applicant is advised of the obligation
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under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)

prior art under 35 U.S.C. 103(a).

7. Claims 2-3 and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Felfernig.

As per dependent claim 2, Felfernig discloses the limitations similar to those in
claim 1, and the same rejection is incorporated herein. Felfernig fails to specifically
disclose wherein the cells are named cells. However, the examiner takes official notice
that it was notoriously well known in the art a the time of the applicant's invention that
spreadsheet programs such as Microsoft(r) Excel(r) disclosed, at the time of the
applicant’s invention, spreadsheets containing named cells, where the name of a cell
referred to the cells row and column. This naming convention allowed for the cells to be
referenced via functions. It would have been obvious to one of ordinary skill in the art at
the time of the applicant's invention to have combined the well known naming of cells
with Felfernig, thereby allowing for cells to be referenced for computing functions.

As per dependent claim 3, Felfernig discloses the limitations similar to those in
claim 2, and the same rejection is incorporated herein. Felfernig fails to specifically
disclose wherein the named cells have structured names. However, the examiner takes
official notice that programs such as Microsoft(r) Excel(r) disclosed, at the time of the

applicant’s invention, spreadsheets containing named cells, where the name of a cell
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referred to the cells row and column. The naming convention of using rows and
columns creates a structured naming convention. Further, this naming convention
allowed for the cells to be referenced via functions. It would have been obvious to one
of ordinary skill in the art at the time of the applicant's invention to have combined the
well known naming of cells with Felfernig, thereby allowing for cells to be referenced for
computing functions.

As per dependent claim 6, Felfernig discloses the limitations similar to those in
claim 1, and the same rejection is incorporated herein. Felfernig discloses determining
an optimal solution (page 5, left column- page 5, right column: Here, one optimal
solutions is calculated from multiple alternative solutions). Felfernig fails to specifically
disclose that the union of multiple subsets is used to determine entailed values.
However, it was notoriously well known in the art at the time of the applicant's invention
that, mathematically, a union is the overlap of multiple subsets. Therefore, applying a
union operation to the multiple subsets would determine the most commonly occurring
values for a plurality of computed cells, thereby creating an optimal set of solutions. It
would have been obvious to one of ordinary skill in the art at the time of the applicant's
invention to have combined the well known with Felfernig, since it would have allowed

for determination of a more optimal solution for calculated cells.

8. Claims 12 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable

over Felfernig, and further in view of Wilson (US 2005/0226505, filed 31 March 2004).
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As per dependent claim 12, Felfernig discloses the limitations similar to those in
claim 11, and the same rejection is incorporated herein. Felfernig fails to specifically
disclose wherein the changing the appearance of cells occurs in response to a user
pointer hovering over the subset of cells. However, Wilson discloses the use of a hover
in order to display menu options, thereby changing the appearance of the cells
(paragraph 0073). It would have been obvious to one of ordinary skill in the art at the
time of the applicant's invention to have combined Wilson with Felfernig, since it would
have allowed a user to view a selectable data item from the displayed subset.

As per dependent claim 13, Felfernig discloses the limitations similar to those in
claim 1, and the same rejection is incorporated herein. Felfernig discloses values as
being non-explosively entailed, being non-explosively contradicted, or neither (page 3,
left column- page 3, right column: Here, all values inherently fall into the category of
being either non-explosively entailed or explosively entailed. Similarly, all values are
either non-explosively contradicted or explosively contradicted). Felfernig fails to
specifically disclose providing a menu associated with a cell, wherein the menu
comprises a list of possible values. However, Wilson discloses a menu (paragraph
0073). It would have been obvious to one of ordinary skill in the art at the time of the
applicant's invention to combine Wilson with Felfernig, since it would have allowed a

user to view a selectable data item from the displayed subset.
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Response to Arguments
9. Applicant's arguments filed 4 December 2008 have been fully considered but
they are not persuasive.

The applicant argues that the prior art fails to disclose wherein computing the
non-explosive logical consequences comprises computing logical consequences of
multiple consistent subsets of the user specified values to produce multiple subsets of
the complete set of entailed values, and combining the multiple subsets of the complete
set of entailed values (pages 5-7). However, the examiner respectfully disagrees.
Felfernig discloses wherein computing the non-explosive logical consequences
comprises computing logical consequences of multiple consistent subsets of the user
specified values to produce multiple subsets of the complete set of entailed values, and
combining the multiple subsets of the complete set of entailed values (page 3, left
column- page 4, right column: Here, a subset of computed values is generated for each
remaining computed cell based upon the input to the base cell. Each subset consists of
computed cell values that meet the defined constraints).

The applicant points to the specification to define entailed values (page 6). Here,
entailed values are defined as “the non-explosive consequences of the values in the
base cells and the specified logical constraints (page 6).” It must be pointed out that
Felfernig discloses base cells having applied logical constraints (page 3). Here, the
cells may contain arithmetic and logical operators or constraints (page 3, left column).
Additionally, cells may have Constraint Satisfaction problems applied. Therefore,

Felfernig discloses the use of entailed values.
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Conclusion
10. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KYLE R. STORK whose telephone number is (571)272-
4130. The examiner can normally be reached on Monday-Friday (8:00-4:30).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Stephen Hong can be reached on (571) 272-4124. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.



Application/Control Number: 11/197,123 Page 12
Art Unit: 2178

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Kyle Stork/
Kyle R Stork
Examiner
Art Unit 2178
/Stephen S. Hong/
Supervisory Patent Examiner, Art

Unit 2178

krs
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DETAILED ACTION
1. This non-final office action is in response to the RCE and Remarks filed 8 June
2009.
2. Claims 1-4 and 6-18 are pending. Claim 1 is an independent claim.

The rejection of claims 1, 4, 7-11, and 14-18 under 35 USC 102 over Felfernig et
al. (“Developing constraint-based applications with spreadsheets,” published 1 January
2003 by Sprinter Berlin/Heidelberg, pp. 1-6, hereafter Felfernig) has been withdrawn in
view of the applicant’s remarks.

The rejection of claims 2-3 and 6 under 35 USC 103 over Felfernig has been
withdrawn in view of the applicant’s remarks.

The rejection of claims 12-13 under 35 USC 103 over Felfernig and further in
view of Wilson (US 2005/0226505, filed 31 March 2004) has been withdrawn in view of

the applicant’s remarks.

Claim Rejections - 35 USC § 103
3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

4. This application currently names joint inventors. In considering patentability of

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
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the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)

prior art under 35 U.S.C. 103(a).

5. Claims 1-4, 6-11, and 14-18 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Felfernig et al. (“Developing constraint-based applications with
spreadsheets,” published 1 January 2003 by Sprinter Berlin/Heidelberg, pp. 1-6,
hereafter Felfernig) and further in view of Breuer (US 2002/0055954, provisional filed 4

June 2001).

As per independent claim 1, Felfernig discloses a method for displaying
consequences in an electronic spreadsheet, the method comprising:

specifying a set of cells of the spreadsheet and a set of logical constraints on
possible values of the cells (Figure 1; page 3, left column: Here, a user defines the
variables with their domain, and the problem constraints to be applied to the values
within the domain)

dynamically partitioning the set of cells into base cells and computed cells (page

3, left column- page 3, right column: Here, based upon the constraints, one set of cells
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inherently is a set of base cells, while a second set of cells is inherently a set of
computed cells. In the situation where an if-then-else constraint is used, the cell in
which the "if* statement is applied is a base cell. Further, the cell or cells in which the
"then" and "else" statements are applied to represent a set of computed cells, as these
cells are based upon the computation of the base cell. Further, because the constraint
values are dynamically added to the problem space (page 3, left column, final
paragraph), these constraints are dynamic, thus the cells which the constraints apply to
are similarly dynamic)

assigning to the base cells a set of user-specified values, wherein the user-
specified values are possibly inconsistent with the specified logical constraints (page 3,
left column- page 3, right column: Here, the user assigns inputs. Further, these inputs
may not initially comply with the underlying rules. However, a new set of values is
calculated for the remaining variables in order to maintain compliance)

computing non-explosive logical consistencies of the user-specified values and
the set of logical consistencies to produce a complete set of values for the set of
computed cells (page 3, left column- page 3, right column: Here, if a base input is non-
compliant with the constraints, the underlying constraint propagator dynamically infers a
set of compliant values for the remaining computed cells)

reducing the number of values for each computed cell whose number of values
exceeds a predetermined number of allowed values for the computed cell (page 5, left
column- page 5, right column: Here, one optimal solutions is calculated from multiple

alternative solutions)
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displaying a subset of the values and a subset of the user-specified values (page
3, right column: If the constraint solver obtains a suitable result, the data is displayed)

wherein computing the logical consistencies comprises computing logical
consistencies of multiple consistent subsets of the user specified values to produce
multiple subsets of the complete set of values, and combining the multiple subsets of
the complete set of values (page 3, left column- page 4, right column: Here, a subset of
computed values is generated for each remaining computed cell based upon the input
to the base cell. Each subset consists of computed cell values that meet the defined
consistencies).

Felfernig fails to disclose:

computing non-explosive logical constraints of the user-specified entailed values
and the set of logical constraints to produce a complete set of values for the set of
computed cells

reducing the number of entailed values for each computed cell whose number of
entailed values exceeds a predetermined number of allowed entailed values for the
computed cell

displaying a subset of the entailed values and a subset of the user-specified
entailed values

wherein computing the logical constraints comprises computing logical
constraints of multiple consistent subsets of the user specified values to produce
multiple subsets of the complete set of entailed values, and combining the multiple

subsets of the complete set of entailed values
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However, Breuer discloses:

computing non-explosive logical constraints of the user-specified entailed values
and the set of logical constraints to produce a complete set of values for the set of
computed cells (Figure 10; paragraphs 0015-0016 and 0062-0063

reducing the number of entailed values for each computed cell whose number of
entailed values exceeds a predetermined number of allowed entailed values for the
computed cell (Figure 10; paragraphs 0015-0016 and 0062-0063

displaying a subset of the entailed values and a subset of the user-specified
entailed values (Figure 10; paragraphs 0015-0016 and 0062-0063

wherein computing the logical constraints comprises computing logical
constraints of multiple consistent subsets of the user specified values to produce
multiple subsets of the complete set of entailed values, and combining the multiple
subsets of the complete set of entailed values (Figure 10; paragraphs 0015-0016 and
0062-0063: Here, a user may enter data into a spreadsheet having circular references.
Entering such data may cause entailed values with are inconsistent with the logical
constraints of the cell. For example, it is possible for cell A1 to display a value of “4”
while cell B1 has a value of “A1-2=3" (paragraph 0063). The value of A1 is an entailed
value that is not logically consistent with the value of B1. However, the user is able to
select the option to “make row self-consistent” (paragraph 0063) or to close a circular
reference (paragraph 0062). This reduces the number of entailed values and produces

outputs which are logically consistent with the applied cell values).
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It would have been obvious to one of ordinary skill in the art at the time of the
applicant's invention to have combined Breuer with Felfernig, since it would have
allowed a user to derive consistency within a spreadsheet from logically constrained
values.

As per dependent claim 2, Felfernig discloses the limitations similar to those in
claim 1, and the same rejection is incorporated herein. Felfernig fails to specifically
disclose wherein the cells are named cells. However, the examiner takes official notice
that it was notoriously well known in the art a the time of the applicant's invention that
spreadsheet programs such as Microsoft(r) Excel(r) disclosed, at the time of the
applicant’s invention, spreadsheets containing named cells, where the name of a cell
referred to the cells row and column. This naming convention allowed for the cells to be
referenced via functions. It would have been obvious to one of ordinary skill in the art at
the time of the applicant's invention to have combined the well known naming of cells
with Felfernig, thereby allowing for cells to be referenced for computing functions.

As per dependent claim 3, Felfernig discloses the limitations similar to those in
claim 2, and the same rejection is incorporated herein. Felfernig fails to specifically
disclose wherein the named cells have structured names. However, the examiner takes
official notice that programs such as Microsoft(r) Excel(r) disclosed, at the time of the
applicant’s invention, spreadsheets containing named cells, where the name of a cell
referred to the cells row and column. The naming convention of using rows and
columns creates a structured naming convention. Further, this naming convention

allowed for the cells to be referenced via functions. It would have been obvious to one



Application/Control Number: 11/197,123 Page 8
Art Unit: 2178

of ordinary skill in the art at the time of the applicant's invention to have combined the
well known naming of cells with Felfernig, thereby allowing for cells to be referenced for
computing functions.

As per dependent claim 4, Felfernig discloses wherein the cells are able to
contain multiple values (page 3, left column- page 3, right column: Here, each computed
cell is capable of having a plurality of possible values based upon the entered value of
the base cell. These possible values are values which meet the defined constraints).

As per dependent claim 6, Felfernig discloses the limitations similar to those in
claim 1, and the same rejection is incorporated herein. Felfernig discloses determining
an optimal solution (page 5, left column- page 5, right column: Here, one optimal
solutions is calculated from multiple alternative solutions). Felfernig fails to specifically
disclose that the union of multiple subsets is used to determine entailed values.
However, it was notoriously well known in the art at the time of the applicant's invention
that, mathematically, a union is the overlap of multiple subsets. Therefore, applying a
union operation to the multiple subsets would determine the most commonly occurring
values for a plurality of computed cells, thereby creating an optimal set of solutions. It
would have been obvious to one of ordinary skill in the art at the time of the applicant's
invention to have combined the well known with Felfernig, since it would have allowed
for determination of a more optimal solution for calculated cells.

As per dependent claim 7, Felfernig discloses wherein dynamically partitioning
the set of cells into base cells and computed cells comprises classifying a cell as a base

cell when a user-specified value is explicitly assigned to a cell (page 3, left column).
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As per dependent claim 8, Felfernig discloses wherein dynamically partitioning
the set of cells into base cells and computed cells comprises declassifying a cell as a
base cell when the cell contains a value individually inconsistent with a user-specified
value explicitly assigned to another cell (page 3, left column- page 3, right column).

As per dependent claim 9, Felfernig discloses wherein dynamically partitioning
the set of cells into base cells and computed cells comprises declassifying a cell as a
base cell when the cell entails a value in another cell and the value is explicitly changed
or removed (page 3, left column- page 3, right column).

As per dependent claim 10, Felfernig discloses wherein the logical consistencies
are formulated as relational consistencies expressed in a logic language encompassing
first-order logic (page 3, left column). Felfernig fails to specifically disclose logical
constraints. However, Breuer discloses the use of logical constraints (paragraphs 0062-
0063). It would have been obvious to one of ordinary skill in the art at the time of the
applicant's invention to have combined Breuer with Felfernig, since it would have
allowed a user to derive consistency within a spreadsheet from logically constrained
values.

As per dependent claim 11, Felfernig discloses wherein the displaying comprises
altering an appearance of cells containing inconsistent values (page 3, right column:
Here, a user inputs values. These values may create conflicts with calculated cells.
However, the calculated cells are recalculated based upon the inputted values, and the
new calculated values are propagated to remove inconsistencies. Therefore, the

appearance of the cells changes, as the old values are replaced with the new values).
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As per dependent claim 14, Felfernig discloses wherein the displaying comprises
providing an interactive user interface for an electronic document (page 3, right column).

As per dependent claim 15, Felfernig discloses wherein the electronic document
is selected from the group consisting of a spreadsheet document, an HTML document,
a word processing document, and a PDF document (page 3, right column: Here, the
document is a spreadsheet document).

As per dependent claim 16, Felfernig discloses, responsive to a user instruction,
automatically assigning values to empty cells such that the automatically assigned
values are consistent with the logical consistencies (page 3, left column- page 3, right
column). Felfernig fails to specifically disclose logical constraints. However, Breuer
discloses the use of logical constraints (paragraphs 0062-0063). It would have been
obvious to one of ordinary sKkill in the art at the time of the applicant's invention to have
combined Breuer with Felfernig, since it would have allowed a user to derive
consistency within a spreadsheet from logically constrained values.

As per dependent claim 17, Felfernig discloses, responsive to a user instruction,
automatically altering values of cells to reduce conflicts with logical constraints (page 3,
right column).

As per dependent claim 18, Felfernig discloses wherein reducing the number of
entailed values comprises eliminating all but a single entailed value if the single entailed
value matches an existing value contained in the cell (page 5, left column- page 5, right

column).
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6. Claims 12 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Felfernig and Breuer, and further in view of Wilson (US 2005/0226505, filed 31
March 2004).

As per dependent claim 12, Felfernig and Breuer disclose the limitations similar
to those in claim 11, and the same rejection is incorporated herein. Felfernig fails to
specifically disclose wherein the changing the appearance of cells occurs in response to
a user pointer hovering over the subset of cells. However, Wilson discloses the use of a
hover in order to display menu options, thereby changing the appearance of the cells
(paragraph 0073). It would have been obvious to one of ordinary skill in the art at the
time of the applicant's invention to have combined Wilson with Felfernig, since it would
have allowed a user to view a selectable data item from the displayed subset.

As per dependent claim 13, Felfernig and Breuer disclose the limitations similar
to those in claim 1, and the same rejection is incorporated herein. Felfernig discloses
values as being non-explosively entailed, being non-explosively contradicted, or neither
(page 3, left column- page 3, right column: Here, all values inherently fall into the
category of being either non-explosively entailed or explosively entailed. Similarly, all
values are either non-explosively contradicted or explosively contradicted). Felfernig
fails to specifically disclose providing a menu associated with a cell, wherein the menu
comprises a list of possible values. However, Wilson discloses a menu (paragraph
0073). It would have been obvious to one of ordinary skill in the art at the time of the
applicant's invention to combine Wilson with Felfernig, since it would have allowed a

user to view a selectable data item from the displayed subset.
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Response to Arguments
7. Applicant's arguments with respect to claims 1-4 and 6-18 have been considered

but are moot in view of the new ground(s) of rejection.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KYLE R. STORK whose telephone number is (571)272-
4130. The examiner can normally be reached on Monday-Friday (8:00-4:30).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Stephen Hong can be reached on (571) 272-4124. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Kyle R Stork/
Primary Examiner, Art Unit 2178
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LOGICAL SPREADSHEETS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from U.S. provisional
patent application No. 60/599,644 filed Aug. 6, 2004, which
is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to computer-imple-
mented methods and systems involving spreadsheets, specifi-
cally spreadsheets that use relational logic and handle incon-
sistencies.

BACKGROUND OF THE INVENTION

Traditional computerized spreadsheet systems have
enjoyed great success, due primarily to their ability to auto-
matically evaluate multiple mathematical formulas and dis-
play updated calculated values whenever user-entered data
changes. Traditional spreadsheets employ a user interface for
entering data and formulas into cells, combined with an
underlying computation engine to support and perform
operations on the data according to the formulas. A non-
empty cell either contains a specific value entered by the user,
or contains a computed value calculated using the formula in
the cell. A formula in a cell is a single-valued function of other
cells that assigns a unique value to the cell. The restriction to
single-valued functions prevents ambiguities in calculated
values. Circular references between formulas are not allowed,
thus preventing inconsistencies from occurring. Thus, the
propagation of values within the spreadsheet is one-way from
cells containing specific user-entered data to computed cells
containing formulas. For example, in the three-cell spread-
sheet of FIG. 1, cells labeled A and B contain user-entered
data, while cell C contains the formula C=A+B. The value of
cell C is updated automatically based on the values of cells A
and B. The user is not permitted to directly change the calcu-
lated value for cell C, nor is the spreadsheet permitted to
change values in cells A and B. The propagation is thus
one-way from cells A and B to cell C, and the distinction
between calculated cells and cells containing user-entered
values is explicitly determined by the placement of the for-
mula in cell C. One can also observe that the formula C=A+B
is a single-valued function which generates a unique value for
C given values for A and B. Although these properties of
traditional spreadsheets provide simplicity and enforce con-
sistency, they do so at the cost of flexibility.

Another limitation of traditional spreadsheets is that the
formulas are typically restricted to algebraic operators (e.g.,
+, -, %, +,V, %) and logical connectives (e.g., A, v, ™). While
these have sufficient expressive power for many applications,
they are not powerful enough to express the formulas desired
for other applications.

In view of the widespread use of spreadsheets for many
applications, it would be an improvement in the art to over-
come these limitations and other limitations.

SUMMARY OF THE INVENTION

The present invention provides a powerful computerized
spreadsheet system with numerous advantages over existing
systems. The many-to-one functions of traditional spread-
sheets are generalized to many-to-many constraints. In con-
trast to traditional spreadsheets in which cells must have one
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value or one formula defining the cell value, cells in the
present spreadsheet system can contain multiple values and
be associated with multiple constraints. In addition, the con-
straints are separated from the cells. Because inconsistencies
are not controlled by the restriction to unidirectional func-
tions, the spreadsheet system provides an innovative tech-
nique for calculating non-explosive consequences for cells
even in cases where the data is inconsistent with the con-
straints.

In contrast with traditional spreadsheets, the distinction
between base cells and computed cells is not fixed but
dynamic, and the restriction to unidirectional propagation
that is found in traditional spreadsheets is relaxed to allow
omni-directional propagation. In addition, the formula lan-
guage is not limited to functions formed from logical connec-
tives and/or algebraic operators, but can include general first-
order logical relationships (e.g., allowing quantifiers V and
). Moreover, the spreadsheet cells are structured, allowing
rows and columns to be quantified over, providing the ability
for the spreadsheet to be queried like a relational database.

In one aspect, the invention provides a computer-imple-
mented method for displaying consequences in an electronic
spreadsheet. A set of cells of the spreadsheet and a set of
logical constraints on possible values of the cells is specified.
At various times during interactive operation with a user, the
set of cells may be dynamically partitioned into base cells and
computed cells. A set of user-specified values is assigned to
the base cells. Significantly, the user is allowed to specify
values that may be inconsistent with the specified logical
constraints. Non-explosive logical consequences of the user-
specified values and the set of logical constraints are auto-
matically computed to produce a complete set of entailed
values for the set of computed cells. Some computed cells
may have multiple entailed values. For each computed cell
whose number of entailed values exceeds a predetermined
number of allowed values for the computed cell, a subset of
the entailed values is selected, where the size of the subset is
no more than the number of allowed values. Some of the
entailed values and some of the user-specified values are
displayed. (Although all cells and their values may be dis-
played, it is not necessary to display all cells and all values at
once.)

Preferably, the cells are named cells, and may have struc-
tured names. The cells may also be able to contain multiple
values. The logical constraints are preferably formulated as
relational constraints expressed in a logical language encom-
passing first-order logic. The non-explosive logical conse-
quences may be found by computing logical consequences of
multiple consistent subsets of the user-specified values to
produce multiple subsets of the complete set of entailed val-
ues, and combining the multiple subsets of the complete set of
entailed values, e.g., by taking the union of the multiple
subsets of the complete set of entailed values. If one of mul-
tiple entailed values for a cell matches an existing value
contained in the cell, a subset of the entailed values for the cell
may be taken by eliminating all but a single entailed value. If
the cell was just explicitly emptied by the user, the entailed
values for the cell may be replaced by the empty set, elimi-
nating all the entailed values for that cell.

The dynamic partitioning of the set of cells into base cells
and computed cells may include one or more of the following:
classifying a cell as a base cell when a user-specified value is
explicitly assigned to the cell, unclassifying a cell as a base
cell when the cell contains a value individually inconsistent
with a user-specified value explicitly assigned to another cell,
unclassifying a cell as a base cell when the cell entails a value
in another cell and the value is explicitly changed or removed.
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In one embodiment, the appearance of cells containing
inconsistent values may be altered when they are displayed.
The alteration may include, for example, dynamically chang-
ing the appearance of a subset of cells containing related
inconsistent values when a user pointer hovers over the subset
of cells. The displaying may also include providing a menu
associated with a cell, where the menu contains a list of
possible values. Preferably, the possible values are classified,
e.g., by labeling them as either being non-explosively
entailed, being non-explosively contradicted, or neither.

An interactive user interface may be provided for an elec-
tronic document such as a spreadsheet document, an HTML
document, a word processing document, and a PDF docu-
ment, in order to display the values and receive input from a
user. Responsive to a user instruction, values may be specified
for cells, or existing values in cells may be cleared. In addi-
tion, in response to a user instruction, values may be auto-
matically assigned to empty cells such that the automatically
assigned values are consistent with the logical constraints. A
user may also give an instruction to execute an automatic
altering values of cells to reduce conflicts with the logical
constraints.

In brief, the present invention provides spreadsheet sys-
tems which allow for general logical constraints and omni-
directional propagation. These spreadsheets provide greater
benefits than traditional spreadsheets while preserving the
key features of automatic calculation of values and ease of
administration. They have applications in data management,
design, and configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a traditional spreadsheet
having two base cells and one computed cell.

FIG. 2 is a schematic diagram of a computer system which
may be used to implement a spreadsheet system according to
an embodiment of the invention.

FIG. 3 is a diagram illustrating the data structures con-
tained within a spreadsheet.

FIG. 4 is a diagram illustrating a set of logical constraints
that are used in a logical spreadsheet according to an embodi-
ment of the invention.

FIG. 5 is a diagram illustrating a set of core instructions
that are used in a spreadsheet.

FIG. 6 is a schematic diagram of a logical spreadsheet
having three cells dynamically partitioned between base cells
and computed cells according to an embodiment of the inven-
tion.

FIGS. 7A and 7B show two tables as they might be dis-
played to a user in a spreadsheet created using a spreadsheet
system according to an embodiment of the invention.

FIG. 8 is a flowchart outlining steps performed by a spread-
sheet system according to an embodiment of the invention.

FIGS. 9A-D are schematic diagrams of four tables of an
exemplary spreadsheet in an early stage of modification by a
user in accordance with an embodiment of the invention.

FIGS.10A-D show thetables of the exemplary spreadsheet
of FIGS. 9A-D in an intermediate stage of modification by a
user.

FIGS.11A-D show thetables of the exemplary spreadsheet
of FIGS. 10A-D in a later stage of modification by a user.

FIGS.12A-D show thetables of the exemplary spreadsheet
of FIGS. 11A-D in a still later stage of modification by a user.

DETAILED DESCRIPTION

A key feature of the logical spreadsheets of the present
invention is that they allow for inconsistency between the
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value assignments and the constraints. This approach differs
from the traditional consistency-maintaining techniques. In
addition to allowing for inconsistencies, these spreadsheets
actually show the consequences of the value assignments,
even when the assignments are inconsistent with the con-
straints. Consequences under inconsistency are computed
using a non-explosive consequence relation. As with tradi-
tional electronic spreadsheets, the spreadsheets of the present
invention may be implemented on a single computer 200
having a digital storage medium 202 and display 204, as
shown in FIG. 2. Alternatively, the spreadsheet may be imple-
mented in a distributed computing environment, in separate
computers over a computer network, or in various other hard-
ware and network architectures and computing environ-
ments. Those skilled in the art will appreciate that many such
implementations and realizations are possible and that the
invention is not in principle limited to any specific one.

Definitions

The following definitions will be used for terms used in this
description. In its most abstract sense, a spreadsheet 300 can
be defined as a collection of n cells 302 together with a set of
possible values for these cells 304, as shown in FIG. 3. The set
of possible values for the cells is called the spreadsheet’s
domain. Cells can be associated with values in the domain.
We represent these associations with sets of ground atomic
sentences with a unary relation constant. The individual
unary ground atomic sentences are called value assignments.
A spreadsheet also includes a set of value assignments to the
cells 306. A value map is a set of value assignments in which
each cell is assigned at most one value. For example, {p(a),
q(b)} means that cell p has value a and cell q has value b. A
value map is complete if and only if it provides a value for
every cell; otherwise, it is partial. An update request is a value
map together with a set of cells to be emptied.

A logical spreadsheet is a spreadsheet together with a set of
logical constraints 400, as shown in FIG. 4. The vocabulary of
the constraint language for logical spreadsheets consists of a
finite set of unary relation constants, which serve as names for
the cells of our spreadsheet, a set of interpreted n-ary relation
constants including algebraic operators, along with a set of
object constants, representing objects in the domains of the
cells. Logical sentences are built up in the usual way from this
vocabulary and the binary relation symbol = (equality), using
the logical connectives —(negation), A(conjunction), v(dis-
junction), =(implication) and <(equivalence) and the quan-
tifiers V (universal quantification) and 3 (existential quanti-
fication). We use a standard model theory and proof theory.
The constraints 400 typically include basic constraints 402
that are common to most spreadsheet documents in the
spreadsheet system and domain constraints 404 that are cus-
tomized by the user for each spreadsheet document.

Because spreadsheets are invariably realized on electronic
computers as electronic spreadsheets, the term spreadsheet is
often used interchangeably with electronic spreadsheet, and
may also be used to include other associated features. For
example, a spreadsheet typically has a set of core instructions
500 including instructions for a user interface 502 and a
computation engine 504 for updating calculated cells, as
shown in FIG. 5. The update computation engine contains
update semantics that specify the manner in which the values
of cells automatically change after a user explicitly makes a
modification to a cell. Update semantics include, for example,
one or more notions of consequence that are used to compute
the values in computed cells from user-specified values in
base cells and the logical constraints. Spreadsheets of the
present invention use a non-explosive or paraconsistent con-
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sequence relation. In preferred embodiments, the non-explo-
sive consequence relation is called existential Q-entailment.
A set of value assignments A existentially Q-entails a value
assignment ¢ if and only if there is some subset of value
assignments A = A consistent with a set of constraints Q such
that AUQ logically entails ¢.

Embodiments of the present invention will now be
described in detail with reference to the drawing figures. It
will be appreciated that the following description contains
many examples for illustrative purposes only. Accordingly,
the full scope of the invention should not be limited by the
specific details used below.

ILLUSTRATIVE EXAMPLES

It is instructive to illustrate the innovative features of
spreadsheets of the invention by first considering some
simple examples of these spreadsheets in action. For
example, the three-cell traditional spreadsheet of FIG. 1 may
be contrasted with the three-cell logical spreadsheet of FIG.
6. As already discussed above, the traditional spreadsheet has
a one-way propagation from user-specified values in cells A
and B to a calculated value determined by the function in cell
C. That is, one can specify values for A and B and the spread-
sheet will automatically calculate C, but one can not specity
values for A and C and obtain the value for B. In contrast, the
logical spreadsheet of FIG. 6 has three cells and a separate
formula C=A+B that acts as a constraint on the values of the
three cells that allows propagation of values to take place in
any direction. For example, if a user enters values in cells B
and C, then a value for cell A is computed as a consequence.
Or, if a user enters values in cells A and C, then a value for cell
B is computed. This example not only illustrates the omni-
directional propagation, but also shows how cells dynami-
cally change between computed cells and base cells. This
increased flexibility introduces the possibility that the user
may enter values in all three cells that are inconsistent with
the constraints on those cells. For example, a user may enter
1in cell A, 1 in cell B, and 3 in cell C. Since 1+1=3, these
user-specified values are inconsistent with the relation
A+B=C. Accordingly, logical spreadsheets of the present
invention include various innovative techniques to handle the
complexities that arise from this increase in flexibility, as will
be described in more detail below.

Laying Out Cells and Tables

In a preferred embodiment, a user creating a new logical
spreadsheet document is presented with a blank canvas, a
textual constraint editor, and a domain editor. The user begins
by placing cells and textual labels on the canvas. The user may
also place static text onto the canvas, change the color
scheme, etc. A cell may have any number of modalities, such
as a drop-down list or a type-in field. In addition, cells may be
arranged into tables, complete with row and column names.
This arrangement of cells into tables serves not only to visu-
ally organize cells, but also allows cells to be given names
based on their rows and columns. For example, FIGS. 7A and
7B show two tables as they might be displayed to a userin a
spreadsheet created to implement a simple room management
system. The Event table in FIG. 7A has three rows (E1, E2,
E3), representing events which need to be scheduled, and four
columns (Owner, Projection, Room, Time), containing some
properties of the events, namely their owner, whether a pro-
jector is required, their room, and their time. The Schedule
table shown in FIG. 7B represents the schedule for the rooms,
where each cell contains the event scheduled in a given room
at a given time. It has three rows (Morning, Afternoon,
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6
Evening) representing the available times and three columns
(G100, G200, G300), representing the available rooms.

Defining Cell Domains

The user can also create domains for cells using a textual
editor and associate each cell with a domain. These domains
are used to populate cell drop-down lists. For example, the
cells in the table of FIG. 7B take values from a list of events
(E1, E2, E3). In FIG. 7A, the cells in the Owner column take
values from a list of names (Amy, Bob, Cal), the Projection
column takes values from a Yes/No list, the Room column
takes values from a list of available rooms (G100, G200,
G300), and the Time column takes values from a list of
available times (Morning, Afternoon, Evening). In some
embodiments, the number and rows and columns as well as
the labels for the row and column heads are automatically
updated as appropriate when the corresponding domains are
redefined. With the row and column labels, the cells acquire
structured names. For example, the structured name schedule
[morning,g100] refers to the cell in the schedule table in the
Morning row and the g100 column. This structured name
allows rows and columns to be quantified over. In addition to
improving the user experience by reducing the replication
typically required in a traditional spreadsheet, structured
names allow tables to be queried in a manner similar to
database tables. Indeed, since all rows in a table are named,
one can either treat a row as a tuple with attributes named by
the columns, or treat a column as a tuple with attributes named
by the rows.

Formula Language and Constraints

Once the cells and tables are laid out, the user can create
constraints that express relationships between cells. The con-
straints may be written as textual formulas using a variant of
first order logic. Formulas can be built up from these struc-
tured names and the binary relation symbol = (equality),
using the logical connectives —(negation), Aconjunction),
v(disjunction), =(implication) and <>(equivalence) and the
quantifiers ¥V (universal quantification) and 3 (existential
quantification). There are no restrictions on these formulas.
For convenience, users may define new n-ary relations using
<«and use these in an unrestricted manner. Decidability is
preserved since these n-ary relations are reducible to unary
ones. For example, Table 1 shows the set of constraints for the
room manager spreadsheet shown in FIGS. 7A and 7B. Note
that free variables are considered to be universally quantified.

TABLE 1
No. Constraint

1 event[E,room](g100) or event[E,room](g200) or
event[E,room](g300)

2 event[E time](morning) or event[E,time](afternoon) or
event[E time](evening)

3 schedule[T,R](E) “event[E,time](T) A
event[E,room](R)

4 event[E,projection](yes) Aevent[E,room](R)=
room[R,projector](yes)

5 event[E,owner](P) /person[P,faculty](no)=""

[

event[E,room](g100)

The constraints 1 and 2 dictate that every event has a room
and a time in the room and time domains, respectively. Con-
straint 3 relates the schedule table in FIG. 7A to the event table
in FIG. 7B. Constraint 4 states that if an event requires a
projector then it must be scheduled in a room with a projector.
Constraint 5 states that only faculty members can reserve
room g100.
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Updates and Computing Consequences

Once the spreadsheet is set up, the user may proceed to use
the newly created spreadsheet. As the user enters and deletes
values from cells, the values in other cells may be changed
automatically based on the logical constraints which have
been defined. An overview of the process is shown in the
flowchart of FIG. 8. In step 802 a user makes an explicit
change to a cell, e.g., if the cell has a value, either changing the
value or clearing the cell; and if the cell is empty, entering a
value in the cell. In step 804 the cells are automatically par-
titioned into base cells and computed cells. The non-explo-
sive consequences of base cells are computed in step 806,
producing sets of entailed values for the computed cells. In
some cases, the number of entailed values for a cell may be
reduced in step 808. Step 810 then displays values of the base
cells and computed cells. The above steps will now be
described in more detail.

In preferred embodiments, a user interface is provided to
allow a user to make changes to the values in cells (step 802).
The user interface may include, for example, a display of
some or all of the cells, with drop-down or pop-up menus to
facilitate data entry. The menus may contain lists of values
which may be organized or categorized to further facilitate
interactivity with the user. A user can modify a cell in one of
three ways: The user can assign a value to a previously empty
cell, change a value currently assigned to a cell to another
value, or empty a cell that currently has a value.

Once a user-specified change has been made to a cell, the
cells are dynamically partitioned into “base cells” and “com-
puted cells” (step 804). In particular, if a cell has been directly
modified by the user, the cell is classified automatically as a
base cell. In addition, some other cells then lose their status as
base cells and are reclassified as computed cells. Specifically,
in the case of a new value assignment to a cell, any base cells
with values that, together with the constraints, directly con-
tradict the newly assigned value are reclassified as computed
cells. In the case of a cell that is emptied of a value, any cells
with values that, together with the constraints, directly entail
a value in the emptied cell are reclassified as computed cells.
In the case where two or more base cells have values that
together contradict the newly assigned value but none does
individually, these cells are left as is and do not lose their
status as base cells. This leads to inconsistency. Similarly, if
two or more cells have values that together entail a value in the
newly emptied cell but none does individually, these cells are
left as is and remain base cells. This leads to the newly empty
base cell having an entailed value. Note that since the newly
emptied cell is now a base cell, the cell does not contain a
computed value and remains empty. This completes the
dynamic partitioning of cells.

After the partitioning of base and computed cells, the set of
entailed values is calculated (step 806). The entailed values
are the non-explosive consequences of the values in the base
cells and the specified logical constraints. To calculate the
non-explosive consequences, a paraconsistent consequence
relation called existential Q-entailment is preferably used. In
other words, the non-explosive logical consequences may be
found by 1) identifying subsets of the set of values in the base
cells that are consistent with the logical constraints, using for
example the resolution proof technique to determine consis-
tency, 2) computing the logical consequences of the identified
consistent subsets and the logical constraints to produce cor-
responding sets of entailed values for the computed cells, and
3) combining the computed sets of entailed values to form a
complete set of entailed values, e.g., by taking their union or
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intersection. Which particular combination is used will
depend on the application, though in the preferred embodi-
ment, the union is taken.

The next step is to fill the computed cells with the existen-
tial Q-consequences of the base values and the constraints.
However, the complete set of entailed values does not neces-
sarily provide one unique value for each computed cell, so in
some cases the set of entailed values may be subsetted (step
808). If a computed cell is allowed to contain just one value,
but more than one entailed value is computed for the cell, then
the number of entailed values may be reduced to one using
inertia as a tie-breaker: if the cell contained a value before the
update and the value is still existentially Q-entailed, then that
value remains in the cell. If there are multiple existentially
Q-entailed values for a computed cell but none of these was in
the cell before the update, the cell is left empty. Similarly, ifa
cell can contain multiple values, but the number of entailed
values exceeds the number of allowed values, then the num-
ber of entailed values may be reduced to the required number
using inertia as a tie-breaker: if the cell contained a value
before the update and that value is still existentially £2-en-
tailed, then that value remains in the cell. Again, if there are
more than the maximum allowed existentially 2-entailed
values for a computed cell but none of these was in the cell
before the update, the cell is left empty.

Finally, the values are displayed to the user via a user
interface (step 810). Some or all of the values for the base
cells and computed cells may be displayed, depending on the
particular layout in current use. In the case of a layout that
contains all tables and cells, all the values might be displayed.
Other layouts may display a subset of the base cells and
computed cells, in which case a subset of the values is dis-
played. Spreadsheet systems of the present invention may be
implemented with many different user interfaces. In a pre-
ferred embodiment, the user interface implements features
such as drop-down menus to select values from domains and
shaded cells to indicate inconsistent values. Shading, color-
ing, and various other types of markings or highlighting of
cells can also be used to show which cells are base cells,
computed cells, never-modified cells, recently modified cells,
and newly modified cells. In addition, a mouse-over (i.e.,
placing a user-controllable pointer over a cell) can result in a
highlight of a group of cells that are related (e.g., cells that are
in conflict with a common constraint, or cells that are related
by a common constraint). A group of cells in conflict with a
particular constraint can be determined using standard data-
base techniques to query for values that do not satisfy the
constraint.

Update Ilustration

The technique described above for updating cells will now
be illustrated using the room management system discussed
earlier in relation to FIGS. 7A and 7B. The room manager
consists of four tables, named event, schedule, room, and
person, shown schematically in FIGS. 9A-D, respectively.
The event table contains event requests, each of which has an
owner, a specification of whether a projector is needed, a
room, and a time. The schedule table contains a schedule of
the events. The information is redundant with the first table
but is useful because it offers a different view. The room table
lists whether or not each room has a projector. The person
table lists whether each person is a faculty member or not. The
values in the person and room tables are entered by the user
before scheduling specific events.

An administrator using the spreadsheet has the task of
assigning to three new events a room and a time. The user
begins by specifying values for cells in the owner and projec-
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tion columns of the event table, as shown in FIG. 9A. These
values specify, for each event, the event owner’s name and
whether a projector is needed.

After entering a value in a cell, the spreadsheet system
responds by automatically updating the spreadsheet. First, the
system determines which cells are base cells and which are
computed cells. As shown in the figures, base cells are marked
with a triangle in the upper left-hand corner of the cell, while
computed cells are not. These are the cells in which the user
has explicitly specified values. The system then automatically
computes the non-explosive consequences of the base cells.
In this example, the system automatically computes the and
displays a value g100 for the room of event €3 in the event
table. This value is entailed by the logical constraints since the
user specified that e3 requires a projector, and g100 is the only
room with a projector.

As shown in FIGS. 10A-D, the user then specifies addi-
tional properties for event el in the event table. In particular,
the user selects g100 as the room for event el and morning as
its time. The system responds by classifying these cells as
base cells and displaying them with a triangle, as shown in
FIG. 10A. The system also responds by automatically calcu-
lating entailed values. Specifically, the user’s specification of
a room and time for event el in the event table causes el to
show up in the corresponding cell in the schedule table, as
shown in FIG. 10B. The user then directly modifies a cell in
the schedule table by assigning the value e2 to room g200 in
the afternoon. The system responds by automatically calcu-
lating the entailed values and displaying them in row e2 of the
event table, as shown in FIG. 10A. This example illustrates
the spreadsheet’s ability to propagate values in multiple
directions. That is, user modifications of values for cells in the
event table result in entailed values appearing in cells of the
schedule table, and vice versa.

Next, as shown in FIGS. 11A-D, the user moves el from
morning to evening by clearing the g100 morning cell and
entering el in the g100 evening cell of the schedule table. The
spreadsheet system responds by reclassifying the el time cell
of'the event table from a base cell to a computed cell. It also
computes and displays the entailed value evening for that cell,
over-riding the previously specified morning value for the
cell. This illustrates how the automatic update of the spread-
sheet deals with a direct conflict between a value previously
specified for a cell and a new entailed value for the cell that is
a consequence of a newly specified value in another cell.

As illustrated in FIGS. 11A-D, the user then changes the
room assignment for e3 from g100 to g200 by modifying the
appropriate cell in the event table. The system responds by
reclassifying the cell from a computed cell to a base cell. The
system also responds by computing the entailed values. How-
ever, since e3 requires a projector and g200 lacks a projector,
these user-specified values are inconsistent with the logical
constraints. Nevertheless, the system allows the conflicting
values to be entered. Since the inconsistency is caused by
multiple cells, the system responds by coloring or shading the
conflicting cells. Specifically, a cell is colored if it contains a
value that is non-explosively contradicted by the values in the
other cells. Note that if the conflict had been caused by a value
in just one cell, the system would have modified the existing
value in the cell to eliminate the conflict, as shown in the
previous example. This example shows how the spreadsheet
system deals with conflicts caused by values in multiple cells.

The user does not have to resolve the conflict immediately.
For example, as shown in FIGS. 12A-D, the user may instead
proceed to set the time of event €3 to the morning by modi-
fying the appropriate cell of the event table. The modified cell
is automatically marked as a base cell and event e3 appears
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automatically in the appropriate cell of the schedule table.
Thus, even though the specified values in the base cells
remain inconsistent with the constraints, the system is still
able to compute entailed values using existential 2-entail-
ment and display the consequences of the (inconsistent) base
assignments. The administrator can remove the inconsistency
and complete the event scheduling by moving the projector
from g100 into g200 (not shown).

Variations

Although the example spreadsheet illustrated above shows
many of the features enjoyed by most implementations of
logical spreadsheets, there are some variations that are wor-
thy of explicit mention. The domains for cells may include
various types of numbers and logical values in addition to
alphanumeric strings. Cells are not necessarily limited to
containing just one value, but could contain multiple values
(e.g., someone’s three children). Cells could also store vec-
tors, arrays, matrices, tables, or other structured values. In
addition to constraints on the values of cells, logical con-
straints may also embody constraints on changes in the values
of the cells. It should also be emphasized that the particular
techniques for updating cells illustrated in the example above
is just one specific approach. There are other reasonable inter-
pretations of what it means to be a consequence of an incon-
sistent spreadsheet, and such alternate interpretations may be
preferred in specific application areas. Moreover, alternate
embodiments may include user-selectable preferences that
control the automatic update behavior.

Spreadsheet systems of the present invention may also
include other additional features such as an auto-complete
feature and a deconfliction feature. In response to a user
instruction to auto-complete a spreadsheet, the system will fill
in empty spreadsheet cells with consistent values. The user
can then alter or adjust the values to further customize the
solution. If deconfliction is activated, the system will change
existing values that are inconsistent to reduce or preferably
eliminate inconsistencies. The user can then adjust the values
of cells to arrive at a suitable solution. Auto-completion can
be implemented, for example, by querying for empty cell
values that satisty the constraints given the current cell values,
using standard database query techniques. Similarly, an
implementation of deconfliction can query for conflicted cell
values that satisty the constraints given the non-conflicting
cell values.

Applications

It will be evident to those skilled in the art that the spread-
sheet systems of'the present invention have many applications
and uses. Here we mention just a few of the many possible
types applications. First, logical spreadsheets have applica-
tions to data management. Logical spreadsheets facilitate the
entry and editing of symbolic data governed by symbolic
constraints. “Correct on capture” data entry systems and
resource management systems, like the one illustrated in this
description, are examples of this capability. Logical spread-
sheets could also be used as a “data browser” for the Semantic
Web. A Web-aware logical spreadsheet could be used to inte-
grate data from different sources and the translate data from
one schema to another. Logical spreadsheets also are useful in
design applications. Configuration systems are good
examples of the use of logical spreadsheets in design. Con-
sider, for example, a configuration system to help users
design their own cars or computer systems. Another applica-
tion of logical spreadsheets is implementing smart forms. A
spreadsheet with an HTML front end would allow users to fill
out online forms in which data is checked for semantic well-
formedness. Interactive documents are another application of
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logical spreadsheets. Systems can return “interactive
answers” to users, e.g. simulations, which allow a user to
experiment by varying certain parameters while the system
automatically propagates the consequences of those varia-
tions. Consider, for example, a student learning how lenses
refract light by experimenting with different lens shapes.
Spreadsheets could also support collaborative applications if
they were linked, with automatic propagation of values and
constraints among the connected spreadsheets. Linked
spreadsheets of this sort would support a wide variety of
applications in cooperative design and collaborative manage-
ment. [n addition, linking would allow the creation of a World
Wide Spreadsheet.

The invention claimed is:
1. A method for displaying consequences in an electronic
spreadsheet, the method comprising:
specitying a set of cells of the spreadsheet and a set of
logical constraints on possible values of the cells;
dynamically partitioning the set of cells into base cells and
computed cells;
assigning to the base cells a set of user-specified values,
wherein the user-specified values are possibly inconsis-
tent with the specified logical constraints;
computing non-explosive logical consequences of the
user-specified values and the set of logical constraints
using a paraconsistent consequence relation to produce a
complete set of entailed values for the set of computed
cells;
reducing the number of entailed values for each computed
cell whose number of entailed values exceeds a prede-
termined number of allowed values for the computed
cell; and
displaying a subset ofthe entailed values and a subset of the
user-specified values;
wherein computing the non-explosive logical conse-
quences comprises computing logical consequences of
multiple consistent subsets of the user-specified values
to produce multiple subsets of the complete set of
entailed values, and combining the multiple subsets of
the complete set of entailed values.
2. The method of claim 1 wherein the cells are named cells.
3. The method of claim 2 wherein the named cells have
structured names.
4. The method of claim 1 wherein the cells are able to
contain multiple values.
5. The method of claim 1 wherein the combining is done by
taking the union of the multiple subsets of the complete set of
entailed values.
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6. The method of claim 1 wherein dynamically partitioning
the set of cells into base cells and computed cells comprises
classifying a cell as a base cell when a user-specified value is
explicitly assigned to the cell.

7. The method of claim 1 wherein dynamically partitioning
the set of cells into base cells and computed cells comprises
unclassifying a cell as a base cell when the cell contains a
value individually inconsistent with a user-specified value
explicitly assigned to another cell.

8. The method of claim 1 wherein dynamically partitioning
the set of cells into base cells and computed cells comprises
unclassifying a cell as a base cell when the cell entails a value
in another cell and the value is explicitly changed or removed.

9. The method of claim 1 wherein the logical constraints
are formulated as relational constraints expressed in a logical
language encompassing first-order logic.

10. The method of claim 1 wherein the displaying com-
prises altering an appearance of cells containing inconsistent
values.

11. The method of claim 10 wherein the altering the
appearance of cells containing inconsistent values comprises
dynamically changing the appearance of a subset of cells
containing related inconsistent values when a user pointer
hovers over the subset of cells.

12. The method of claim 1 wherein the displaying com-
prises providing a menu associated with a cell, wherein the
menu comprises a list of possible values classified as being
non-explosively entailed, being non-explosively contra-
dicted, or neither.

13. The method of claim 1 wherein the displaying com-
prises providing an interactive user interface for an electronic
document.

14. The method of claim 13 wherein the electronic docu-
ment is selected from the group consisting of a spreadsheet
document, an HTML document, a word processing docu-
ment, and a PDF document.

15. The method of claim 1 further comprising, responsive
to a user instruction, automatically assigning values to empty
cells such that the automatically assigned values are consis-
tent with the logical constraints.

16. The method of claim 1 further comprising, responsive
to a user instruction, automatically altering values of cells to
reduce conflicts with the logical constraints.

17. The method of claim 1 wherein reducing the number of
entailed values comprises eliminating all but a single entailed
value if the single entailed value matches an existing value
contained in the cell.
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