
MULTI-THREAD SPREADSHEET PROCESSING WITH DEPENDENCY
LEVELS Background  [0001] The use of spreadsheet
applications for data analysis has become prevalent.
Further, as more and more businesses depend upon these
applications for complex data computation, the need
for faster and more efficient processing of these
applications has become desirable. Microsoft ExcelTM
is an example of such a spreadsheet application. It is
typical in spreadsheet applications for a formula in
one cell, referred to as a "dependent" formula, to
depend upon the contents of or a formula in another
cell, referred to as a "supporting" formula. When the
contents of a cell are changed, a recalculation
("recalc") operation may be triggered, in which a
program thread is used to iterate through the formulas
and recalc any formulas requiring recalculation based
on these changes. The processing time for computation
operations may be reduced in speed, if not paused
altogether for a significant period of time, when a
recalc program thread confronts a formula dependent
upon a supporting formula which has yet to be
calculated. Even where multiple processors, or
multiple program threads, are employed in such
applications, the performance speed of the
calculations and recalcs may not be improved where at
least one of the processors is unable to complete a
calculation or recalc while waiting for a supporting
formula to be computed. The problem is exacerbated as
the number of dependent formulas in the spreadsheet
application increases. [0002] Although specific
problems have been addressed in this Background, this
disclosure is not intended in any way to be limited to
solving those specific problems. Summary [0003]
Embodiments of the present invention generally relate
to processing spreadsheet calculations and
recalculations with multiple processors, or multiple
concurrent threads, when more than one processor or
processing engine is available. Further embodiments  



2 relate to the use of a tree structure and dependency
levels in reordering a chain of entries to perform
multi-thread processing of a recalc operation. Further
yet, some embodiments relate to the synchronizing of
multi-thread processing of recalc operations. [0004]
As discussed herein, an aspect of a particular
embodiment relates to reordering a calculation chain
of entries, or "ENTs," so as to create a unified
recalc chain comprised of child chains (i.e.,
dependent formulas and supporting formulas organized
in a tree hierarchy) and of ENTs which contain neither
dependent nor supporting formulas. An "ENT" refers to
a formula contained within a cell of a spreadsheet. In
another embodiment, the unified chain is divided into
separate dependency levels, in which each dependency
level contains ENTs which, aside from those which are
dependent upon a supporting formula in a child chain
within that dependency level, are dependent only upon
ENTs in previous dependency levels. The arrangement in
such an embodiment allows the multiple threads to
continue processing ENTs throughout a dependency level
without having to wait for uncalculated supporting
ENTs to be calculated. Once the next dependency level
is reached, processing of the ENTs and child chains
(if any) located therein is efficiently accomplished
based on the calculations already completed in the
prior dependency levels. [0005] Further embodiments
relate to the use of multiple asynchronous program
threads, where a system is comprised of more than one
processor or processing engine, to evaluate formulas
in this unified recalc chain. In an embodiment, a
control thread may be used to control the
synchronization of this multi-thread processing.
[0006] This Summary is provided to introduce a
selection of concepts in a simplified form that are
further described below in the Detailed Description.
This Summary is not intended to identify key or
essential features of the claimed subject matter, nor
is it intended to be used in any way as to limit the
scope of the claimed subject matter.  3 



Drawines [0007] FIG. 1 illustrates a logical
representation of exemplary functional component
modules including "N" number of recalculation engines
("recalc engines") used in a spreadsheet application
in accordance with an embodiment of the present
invention. [0008] FIG. 2 depicts the basic operations
performed by the system shown in FIG. 1 for loading a
spreadsheet application and determining the number of
processors for use therewith in accordance with an
embodiment of the present invention. [0009] FIG. 3
illustrates the basic operations performed by the
system shown in FIG. 1 for performing a recalc
operation with the recalc engines depicted in FIG. 1
in accordance with an embodiment of the present
invention. [0010] FIG. 4 depicts an exemplary 3x3
spreadsheet showing cell entries with values and/or
multiple formulas in a spreadsheet application using
the functional component modules illustrated in FIG. 1
in accordance with an embodiment of the present
invention. [0011] FIG. 5 illustrates the spreadsheet
cells shown in FIG. 4 as initially loaded into a
single calculation chain in accordance with an
embodiment of the present invention. [0012] FIG. 6A
depicts the cells shown in FIGS. 4 and 5 as reordered
into a unified recalc chain of child chains. [0013]
FIG. 6B shows the child chains of FIG. 6A loaded into
two recalculation engines and separated into
dependency levels, in which one of the cells has been
moved to a second dependency level in accordance with
an embodiment of the present invention. [0014] FIG. 6C
is a flow diagram illustrating the operational
characteristics of a process for reordering the cells
into child chains and dependency levels as depicted in
the exemplary embodiments of FIGS. 6A and 6B and in
accordance with other embodiments of the present
invention.  4 



[0015] FIG. 7 illustrates the processing of the cells
shown in FIG. 4 by the two separate recalc engines, as
well as a queue of cells to be reordered for each of
the recalc engines in accordance with an embodiment of
the present invention. [0016] FIG. 8 depicts a
representation of a non-optimal reordering of the
cells queued in FIG. 7 in accordance with an
embodiment of the present invention. [0017] FIG. 9
illustrates the program code for synchronizing the
threads of the recalc engines shown in FIG. 7 in
accordance with an embodiment of the present
invention. [0018] FIG. 10A is a flow diagram
illustrating the operational characteristics of a
process for initiating the evaluating of the values
and formulas in the cells shown in FIG. 2 in
accordance with an embodiment of the present
invention. [0019] FIG. 10B is a flow diagram
illustrating the operational characteristics of a
process for suspending or triggering the control
thread and/or asynchronous threads of the recalc
engines shown in HG. 7 in accordance with an
embodiment of the present invention. [0020] FIG. 11 is
a flow diagram illustrating the operational
characteristics of a process for reordering the cells
with the control thread and asynchronous threads of
the recalc engines shown in FIG. 7 in accordance with
an embodiment of the present invention. [0021] FIG. 12
is a flow diagram illustrating the operational
characteristics of a process for allowing the control
thread to reorder the cells of the queues shown in
FIG. 7, to work on control-thread-only formulas, and
to redisplay cells in accordance with an embodiment of
the present invention. [0022] FIG. 13 illustrates a
logical representation of the reordering of a control
thread formula to the next dependency level in
accordance with an embodiment of the present
invention. [0023] FIG. 14A illustrates the treatment
of circular formulas with multi-thread processing in
accordance with an embodiment of the present
invention.  



S [0024] FIG. 14B is a flow diagram illustrating the
operational characteristics of a process for
reordering a calc chain for possible circular
reference detection and evaluation as depicted in the
exemplary embodiment of FIG. 14A and in accordance
with other embodiments of the present invention.
[0025] FIG. 15 depicts an exemplary computing system
upon which embodiments of the present disclosure may
be implemented. Detailed Description [0026] This
disclosure will now more fully describe exemplary
embodiments with reference to the accompanying
drawings, in which specific embodiments are shown.
Other aspects may, however, be embodied in many
different forms and the inclusion of specific
embodiments in this disclosure should not be construed
as limiting such aspects to the embodiments set forth
herein. Rather, the embodiments depicted in the
drawings are included to provide a disclosure that is
thorough and complete and which fully conveys the
intended scope to those skilled in the art. When
referring to the figures, like structures and elements
shown throughout are indicated with like reference
numerals. Dashed lines may be used to show optional
components or operations. Dashed lines may also be
used to show logical representations or movement of a
cell from one location to another. [0027] An
environment 100 for processing spreadsheet
recalculations with "N" number of processors and
corresponding program threads is shown in FIG. 1. In
an embodiment, the system 100 comprises a processing
module 102 which includes a number "N" of available
processors in the operating system, each having a
recalculation engine ("recalc engine") 



104 operating thereon. The system 100 further includes
a database 116, and an I/O or send/receive module 114
operable to receive and transmit data from the
database 106, as well as to communicate with a load
control module 112. In turn, the load control module
communicates with a boundary detection module 110 that
determines the range and  6 domain of "dirty" cells,
or those cells which require recalc because they
depend upon or support the content changed in another
cell. In an embodiment, dirty cells are recalculated
in the event a recalculation command is received from
the send/receive module 114. [0028] In a spreadsheet
application using the multi-processor environment of
system 100, it is necessary to determine the number of
processors available in the operating system. FIG. 2
depicts the basic initialization sequence of
operations 200 performed by the system shown in HG. 1
for loading, or calling, a spreadsheet application and
determining the number of processors for use
therewith. Start operation 202 is initiated following
communication with a load control module 112, in which
a spreadsheet application is loaded in load
application operation 204. In an embodiment where
multiple processors, and thus multiple program
threads, are used to evaluate the entries or "ENTs" in
a spreadsheet chain calculation, it is necessary to
synchronize the evaluation of those ENTs by the
plurality of processors. Accordingly, determine
operation 206 determines the number of processors, and
thus recalc engines 104, in the operating system.
Store operation 208 stores the determined number of
processors and their access locations in database 116.
In an embodiment, the processors used are separate
processors, while in another embodiment they are one
or more embedded co-processors on a single chip. In
turn, a recalc engine is allocated to each processor
in allocate operation 209, and then control of process
200 transfers to return operation 210. [0029] Turning
now to FIG. 3, recalc process 300 begins with start
operation 302, which is initiated in response to a
manual or automatic calculation or recalculation
request to process a chain calculation within a
spreadsheet running on the system 100 shown in FIG. 1.
From start operation 302, the recalculation request is
received by the send/receive module 114 and data is
retrieved from the database 116 as required by the
request. In an embodiment, start operation 302 is
triggered by a manual request by a user to recalculate
7 



the spreadsheet being displayed. In another
embodiment, start operation 302 is triggered
automatically by a request from a calling routine or
when a user either changes a value or formula in an
ENT or adds an additional ENT to the spreadsheet.
Regardless of the specific triggering mechanism, the
recalculation request is identified or "resolved" in
operation 304. Following resolve operation 304, the
domain and range of the recalc request is determined
in operation 306. In an embodiment, this involves only
one ENT. In another embodiment, it involves an array
of ENTs that depend upon or support the changed cell
content, i.e., "dirty" ENTs. From determine operation
306, process 300 proceeds to recalc operation 308,
which recalculates the dirty cells in accordance with
embodiments of the present invention. When the
recalculation is complete, control transfers to return
operation 310, which returns operation to the calling
code or user interface. [0030] FIG. 4 depicts a sample
spreadsheet 400 that may be recalculated utilizing the
process described above with respect to FIG. 3. In
this exemplary representation of a 3x3 spreadsheet,
cells Al and B1 in row 402 are shown with exemplary
values of "=1." The cells A2 and B2 in row 404 are
shown with formulas =A1 and =B1, respectively, which
represent formulas dependent upon Al and Bl.
Similarly, the cells A3 and B3 in row 406 are shown
with formulas =A2 and =B2, respectively, which
represent formulas dependent upon A2 and B2. Finally,
cell C3 is shown with a formula of =A3+B3, meaning
that is dependent upon A3 and B3. As noted above, the
contents of cells Al through C3 may include values or
formulas that must be calculated or recalculated, and
thus the content of each cell is referred to as an
entry or "ENT." For example, the formula "=A3+B3" is
an ENT located in cell C3. [0031] Upon loading, or
calling, a spreadsheet 400 with the system 100 shown
in FIG. 1, the processors begin by ordering the ENTs
into a single calculation chain in consecutive  8
order based on entry into the spreadsheet itself HG. 5
illustrates this single calculation chain ordering of
cells Al through C3 of spreadsheet 400 shown in FIG.
4. By way of example only, the ENTs in cells Al
through C3 may have been entered within the
spreadsheet 400 in the order of Al, A2, A3, Bl, B2,
B3, and, finally, C3. In this initial ordering of the
ENTs into a single chain, the program code places the
first ENT (i.e., Al in the exemplary embodiment
referred to herein) at the rightmost extreme of the
calc chain. The next ENTs are added in consecutive
order, working from right to left and ending with C3.
[0032] In proceeding to evaluate the ENTs in the
single calculation chain 500, the calc code starts
with C3 and determines that the formula A3+B3 depends
upon the formulas in cells A3 and B3. Next, upon
looking at cell A3 first (since it is the first named
cell in the formula), it is determined that cell A3 is
"dirty," or pending calculation. In this embodiment,
the ENT "A3+B3" is called a "dependent" formula, and
the formula in cell A3 is called a "supporting"
formula. In an embodiment of the present invention,
the single calculation chain 500 is reordered so as to
create a unified chain of dependent and supporting
formulas organized in a tree structure utilizing child
chains within the unified chain. In an embodiment, a
dependent formula, e.g., C3, is determined to be a
child of a first supporting formula, e.g., A3.
Further, the first supporting formula may be made a
child of a second supporting formula upon which it
depends. 



[0033] Once C3 is moved to be a child of A3, the next
cell in the single chain is evaluated, namely B3 in
the exemplary embodiment shown in FIG. 5. Upon
attempting to evaluate B3, the calc code discovers
that B3 is dependent upon cell B2, and that B2 is
"dirty." B3 thus becomes a child of B2. In similar
fashion, the code tries to calculate the next cell,
i.e., B2, and determines that B2 depends upon Bl. B2
thus becomes a child of B1 and, because B3 is a child
of B2, the entire child chain of B1, B2, and B3 (shown
as child chain  9 602 in chain 600 in FIG. 6A) is
born. Next, the calc code tries to evaluate A3 and
determines that A3 (which has child C3 as discussed
above) is dependent upon supporting formula A2, which
is itself dependent upon Al. Thus, the child chain Al,
A2, A3, and C3 is born. An exemplary representation of
this child chain is shown as child chain 604 in FIG.
6A. [0034] While chain 604 shows the child chain of
Al, A2, A3, and C3, another exemplary embodiment of
this invention depicted in FIG. 6B shows a similar
child chain 610 having C3 removed therefrom, wherein
C3 is included in its own chain 612 located in a
separate "dependency level" 620 in accordance with
another embodiment of the invention. Indeed, FIG. 6B
shows two discrete dependency levels, namely
dependency level #1(618) and dependency level #2
(620). Each dependency level contains ENTs which,
aside from those which are dependent upon a supporting
formula in a child chain within that dependency level,
are dependent only upon ENTs in previous dependency
levels. The arrangement in such an embodiment allows
for one or more processors to process ENTs throughout
a dependency level in a continuous fashion without
having to wait for uncalculated supporting ENTs to be
calculated. [0035] The benefits of separate dependency
levels can be demonstrated in the exemplary embodiment
of calculation chain 600, wherein C3 is a child of A3,
which in turn is a child of A2 and Al. As shown in
FIG. 400, C3 is dependent upon the sum of the formulas
in A3 and B3. C3 is thus dependent upon both A3 and
B3. If B3 is calculated before the calc code tries to
evaluate C3 in child chain 604, then there will be no
delay when the calc code reaches C3 (i.e., the calc
code is able to immediately calculate C3 because both
A3 and B3 will already have been calculated). Thus, C3
in such an embodiment may remain as part of the child
chain 604. However, where B3 is not calculated before
C3 is evaluated by the calc code, the calc code will
not be able to calculate C3. Consequently, C3 remains 



10 uncalculated as long as B3 remains uncalculated.
Thus, the processing of the child chain 604 would be
paused, or stalled, based on C3's dependency on B3.
Such dependencies have the potential to create
inefficiencies in the processing of recalcs. An
embodiment thus provides for C3 (612) to be moved from
dependency level #1(618) to dependency level #2 (620),
as shown in the unified calc chain 606 in FIG. 6B.
[0036] In an embodiment where multiple processors are
available, moving C3 to a new dependency level allows
a second processor working on child chain 610 to
complete that chain's processing and move to the
processing of another ENT or child chain within
dependency level #1 while a first processor continues
the processing of child chain 608. These multiple
processors are shown as recalc engines #1 and #2 (614
and 616, respectively) in FIG. 6B since each processor
includes a recalc engine operating thereon. While two
recalc engines are shown in FIG. 6B in accordance with
an embodiment of the present invention, any number "N"
of processors, as shown by the ellipses 104 in HG. 1,
may be employed for the calculation and recalc
operations. [0037] FIG. 6C illustrates the process 622
for performing the reordering of ENTs and their
movement, if any, to the next dependency level in
accordance with an embodiment of the present
invention. Start operation 624 is initiated in
response to a loading of cells into a spreadsheet
program 400 and a call for recalculation. From start
operation 624, process 622 proceeds to order operation
626, in which the ENTs are ordered into a single
calculation chain based on their order of entry into
spreadsheet program 400, as discussed above. Next,
evaluate operation 628 attempts to evaluate the first
formula in the single calculation chain. After trying
to evaluate the first formula, process 622 proceeds to
query operation 630 which determines whether the first
formula is dependent upon a supporting formula. If the
first formula is dependent upon a supporting formula,
flow braches YES to move operation 634, which moves
the first dependent formula to the child position of
the  11 



supporting formula. If the first formula is not
dependent upon a supporting formula, flow branches NO
to evaluate operation 632 and the first formula is
evaluated. [0038] From move operation 634, process 622
proceeds to query operation 636 which determines if
the first formula is also dependent upon a second,
uncalculated formula. If query operation 636
determines that the first formula is dependent upon a
second uncalculated formula, flow branches YES to move
operation 642, which moves the first dependent formula
to the next dependency level. Next, query operation
644 determines whether there are any other formulas to
evaluate in the calculation chain and, if so, branches
YES to evaluate operation 628. If query operation 644
determines that there are no other formulas to
evaluate, flow branches NO to terminate operation 646
which ends process 622. If query operation 636
determines that the first dependent formula is not
dependent upon a second uncalculated supporting
formula, flow branches NO to query operation 638 which
determines whether the first supporting formula also
has a second dependent formula. If query operation
determines that the first supporting formula does not
have a second dependent formula, flow branches NO to
evaluate operation 632. On the other hand, if query
operation 638 determines that the first supporting
formula also has a second dependent formula, flow
branches YES to move operation 640, in which the first
and second dependent formulas are moved to the next
dependency level. From move operation 640, process 622
proceeds to query operation 644 to determine if any
other formulas require evaluation, and the process
proceeds as discussed above. [0039] While the
reordering of the ENTs discussed in FIGS. 6A, 6B, and
6C has related to such reordering generally without
regard to the number of processors (i.e., using one or
more processors), FIG. 7 specifically illustrates the
reordering 700 of a single calculation chain from
spreadsheet 400 through the use of multiple recalc
engines and asynchronous threads. A control thread 702
is employed to synchronize the various threads and
recalc  12 engines. In the exemplary embodiment of
system 700, two recalc engines 704 and 712 are
employed; however, other embodiments may involve any
number of recalc engines and corresponding
multi-thread processing operations. [0040] In
accordance with the exemplary embodiment depicted in
FIG. 7, a processing thread from recalc engine 1 (704)
attempts to evaluate C3 in the single calculation
chain 708. Because C3 is dependent upon A3 and B3,
which are not yet calculated, C3 may not yet be
calculated. Consequently, recalc engine 1 moves C3 to
its queue 706 of dependent and supporting formulas. C3
is listed as a dependent formula, and A3 is listed as
the supporting formula for C3. Next, the program
thread of recalc engine 2 (712) attempts to evaluate
B3. Unable to evaluate this dependent formula, recalc
engine 2 moves dependent B3 and its supporting formula
B2 to its own queue 710 of dependent and supporting
formulas. This process continues until the recalc
engines have attempted to evaluate each ENT in the
single calculation chain 708. 



[0041] Once each ENT in chain 708 has been evaluated,
or attempted to be evaluated, the queues 706 and 710
are reordered into child chains by the control thread
702 based on their dependent/supporting relationships.
Similar to child chain 604 discussed above, FIG. 8
shows child chain 804 with ENTS Al, A2, A3, and C3.
Child chain 802 shows ENTs Bl, B2, and B3. These child
chains are both initially shown as being located in
dependency level #1(806) of FIG. 8. In an embodiment,
recalc engine 1 (704) processes child chain 802
comprised of Bl, B2, and B3. Then, while recalc engine
1 begins processing child chain 802, recalc engine 2
begins processing child chain 804. In this exemplary
embodiment, it is assumed that recalc engine 1
finishes processing B3 in child chain 802 before
recalc engine 2 reaches C3 of child chain 804. In such
a case, C3 may be evaluated because both the
supporting formulas A3 and B3 have already been
calculated. In this embodiment, C3 is shown as being
located in dependency level #1(806), and  13
dependency level #2 (808) is shown as empty in FIG. 8.
However, in another embodiment, it is possible (for a
multitude of reasons) that recalc engine 1 is not able
to evaluate B3 before recalc engine 2 attempts to
evaluate C3. In such a case, C3 would remain
uncalculated and recalc engine 2 would remain stalled
while waiting for recalc engine 1 to finish its
processing of B3. Such stalling prevents recalc engine
2 from processing other ENTs and child chains which
could exist within the first dependency level (though
such additional chains are not shown in the exemplary
embodiment of FIG. 8). A stalled recalc engine is an
inefficient use of the multi-threaded processing
capabilities of a multi-processor system (i.e., where
the requested recalc operations for recalc engine 2
are dependent upon the processing speed of single
recalc engine 1). Thus, the embodiment shown in FIG. 8
is not an optimal reordering of the cells. To the
contrary, an optimal reordering would appear as the
exemplary embodiment shown in HG. 6B and discussed
above in reference thereto. [0042] While FIG. 8 shows
a non-optimal reordering 800 of the ENTs, in which C3
remains in dependency level #1(806), other embodiments
(where B3 remains uncalculated at the time of
evaluating C3) would require C3 to be moved to
dependency level #2 (808). In one embodiment, the
rules governing the movement of an ENT to the next
dependency level are:       (1) Try to make the
dependent formula a child of the supporting formula.
(2) If the dependent formula is already a child of
another formula, then the dependent formula is queued
for the next dependency level; or 



If the supporting formula upon which the dependent
formula depends already has a child, then the
dependent formulas are queued for the next dependency
level.       (3) If a formula contains a function
which must be evaluated on the control thread, then
the formula (referred to as a "control thread
formula") is moved to the next dependency level. By
way of example only, the following functions must be
evaluated on the control thread: (a) INDIRECT
function; (b) GETPIVOTDATA function;  14 (c) INFO
function; 



(d) ADDRESS function; (e) User-Defined Functions
(UDFs). [0043] Turning now to FIG. 9, an exemplary
embodiment of the program code 900 for triggering and
suspending the asynchronous threads of recalc engines
1 and 2 shown in HG. 7 is shown in accordance with an
embodiment of the present invention. Control Thread
902 controls the triggering of the asynchronous
threads. Initially, counter 906 is set to the number
of processors determined from determine operation 206.
Counter 906 may be any type of counter. In an
exemplary embodiment, counter 906 may be referred to
as ISpinning. Regardless of the term or type of
counter used, counter 906 in control thread ("CT") 902
is set to the number of processors determined to be
available for multi-thread processing. In the
exemplary embodiment of FIG. 9, counter 906 is thus
set to a value of "2" for recalc engines 910 and 920.
Further, the control thread index 904, e.g., int
ientNext, is set to zero ("0"), and each recalc engine
index 914 and 924, int iENT, is set to "0." These
indices control the pointers for the ENTs 912 and 922,
as described below. An index value of "0" is an index
to the first cell, i.e., C3, on the left of single
calculation chain 918. [0044] FIGS. 10A and 10B
illustrate the operational steps 1000 of triggering
and suspending the asynchronous thread operations of
recalc engines 1 (910) and 2 (920) to evaluate single
calculation chain 918. Start calculation operation
1002 of HG. 10A is initiated in response to a loading,
or call, to evaluate a spreadsheet such as the
spreadsheet 400 shown in FIG. 4. The counter 906 is
set to the number of recalc engines in set operation
1004. Next at assign operation 1006, the control
thread 902 sets the indices, 914 and 924, of recalc
engine 1 and 2, respectively, to "0" so that each
thread is assigned to start evaluating at the first
ENT. The control thread 902 then triggers the events
916 and 926 on each recalc engine to wake the threads
for processing in trigger operation 1008. A  15 can,
or loading of an application, is an example of an
event where the control thread 902 may trigger a
recalc engine event. Upon being triggered, each recalc
engine performs a thread-safe interlocked increment
operation 1010. For example, recalc engine 910 begins
this interlocked increment operation 1010 by adding a
"1" to the control thread index 904 and receiving the
previous value of index 904, i.e., "0" in this
embodiment, in return from control thread 902. The
difference between the first recalc engine's index
value 914 and the value of the control thread index
904 returned from control thread 902 is the value
which recalc engine 1 should iterate down the single
calculation chain 918. In this exemplary embodiment,
recalc engine 1 (910) increments the control thread
index 904 from a value of "0" to a value of "1."
Because "0" was the previous value of the control
thread index 904, recalc engine 1 (910) receives the
value "0," compares it to the value of its own index
914, e.g., "0" in accordance with this exemplary
embodiment, to determine the difference between these
two values, i.e., "0" minus "0" equals "0", and
receives a value of "0." A value of "0" requires
recalc engine 1 (910) to evaluate the first ENT (i.e.,
C3) of the calculation chain 918. 



[0045] Similarly, recalc engine 2 (920) performs a
thread-safe interlocked increment operation, in which
it increments the control thread index 904 from "1" to
"2" and receives the previous value of the control
thread index 904 in return, i.e., "1" in this
exemplary embodiment. Recalc engine 2 (920) then
compares this returned value of"!" from the control
thread index 904 with the value of its own index,
i.e., "0" in this exemplary embodiment, and computes a
difference between these two values of "1." A value of
"1" thus requires recalc engine 2 (920) to evaluate
the second ENT (i.e., B3) of calculation chain 918.
[0046] In an embodiment, this thread-safe interlocked
incrementing continues until the end of the dependency
chain. Upon performing interlocked incrementing
operation 1010,  16 each recalc engine starts
evaluation of an assigned ENT in operation 1012.
Having triggered the asynchronous threads to evaluate
the chain 918, the control thread 902 suspends its own
operations at step 1014 and waits for its own event
908 to be triggered. Process 1000 then transfers to
return operation 1016. [0047] In an embodiment, the
operations of a recalc engine may be suspended
individually by the recalc engine itself. In another
embodiment, a recalc engine may require that all
asynchronous threads be suspended. In a first
embodiment, an asynchronous thread suspends itself
when the end of a dependency level is reached. In
another embodiment, an asynchronous thread may be
suspended when that thread's queue, or buffer, becomes
full with dependent and supporting formulas. Other
embodiments may involve other reasons for suspending
an asynchronous thread. The examples given herein are
intended to serve as exemplary embodiments only. In a
further embodiment, an asynchronous thread may require
that all threads be paused (e.g., where a control
thread formula is detected by the asynchronous
thread). [0048] Following the triggering of the thread
operations described in FIG. 10A above, a "suspend"
process 1018 for suspending, or pausing, individual
asynchronous thread operations is described in FIG.
10B in accordance with an exemplary embodiment. In
accordance with an embodiment of the present
invention, the flowchart depicted in HG. 10B shows the
passing off of operations between the two threads. In
another embodiment, the threads may operate
simultaneously. The flowchart depicted in FIG. 10B is
intended to serve as an exemplary embodiment only and
in no way should be construed as limiting the
operations of the threads. Turning to HG. 10B, as
discussed above, a thread may suspend its operations
if it detects that it has reached the end of a
dependency level. In another embodiment, the thread
may pause its operations if it detects that its queue,
or buffer, is full. Thus, from start operation 1020,
flow proceeds to query operation 1024 



17 which determines whether an end of a dependency
level has been reached, or whether the buffer for
recalc engine #1 is full. If query operation 1024
determines that an end of a dependency level has not
been reached and that the queue for that thread is not
full, flow passes NO to continue operation 1026, in
which the thread continues to evaluate ENTs and
iterate down the calculation chain. On the other hand,
if query operation 1024 determines either that an end
of a dependency level has been reached or that the
buffer for that thread is full, flow passes YES to
decrement counter operation 1028. Decrement counter
operation decrements the counter 906 of the control
thread. In suspending its own operations, a recalc
engine will, among other functions, decrement the
counter of control thread 906. If the counter 906 has
a value greater than "0," a thread must be operating,
or still awake. However, when the value of the counter
is "0," all threads are suspended and event 908 of
control thread 902 is triggered. Upon decrementing the
control thread counter 906, recalc engine #1 is
suspended in sleep operation 1030, or, in other words,
put into sleep mode. Next, query operation 1032
determines whether the control thread counter 906 is
equal to "0." If the counter 906 has a value of "0,"
flow branches YES to trigger control thread event
operation 908 at operation 1034 because a value of "0"
indicates that all asynchronous threads are suspended.
If the counter 906 does not have a value of "0," flow
branches NO to pass operation 1036, in which control
is passed to recalc engine #2. Recalc Engine #2
proceeds through steps 1038 through 1048, which are
analogous to those discussed above for recalc engine
#1. [0049] A process 1100 for iterating through a
calculation chain to determine necessary reordering
and to detect control thread formulas, if any, is
shown in accordance with an embodiment of the present
disclosure. As discussed above, the exemplary
embodiment of the present invention shown in FIG. 11
depicts the passing off of operations between the two
threads. In another embodiment, the threads may
operate simultaneously. The  18 flowchart depicted in
FIG. 11 is intended to serve as an exemplary
embodiment only and in no way should be construed as
limiting the operations of the threads. Turning to HG.
11, start operation 1102 is initiated following the
triggering of events 1008 of each recalc engine. From
the start operation 1102, the operation flow proceeds
to the interlocked increment operation 1104 of recalc
engine #1. Next, recalc engine #1 iterates down the
calculation chain in iterate operation 1106 to the
calculated ENT value assigned through the thread-safe
increment operation 1104. Upon reaching the assigned
ENT, the flow passes to query operation 1112 which
determines whether the end of the dependency level has
been reached, or whether the asynchronous thread's
queue (or buffer) is full. If the end of the
dependency level is detected, or if the asynchronous
thread's queue is determined to be full, the
asynchronous thread pauses its own operations in pause
operation 1116. If none of these items requiring
pausing is present, the process 1100 proceeds to query
operation 1114 which determines whether the formula is
a control thread formula. If a control thread formula
is detected, flow branches YES to queue operation 1115
which queues the control thread formula into a
separate buffer, or queue, consisting only of such
formulas. If query operation 1114 determines that the
formula is not a control thread formula, then flow
branches NO to query operation 1120 which determines
whether the formula in the assigned ENT is dependent
upon an uncalculated ENT. If the query operation 1120
determines that the formula is dependent upon an
uncalculated ENT, flow branches YES to queue 1 in
operation 1122, wherein the dependent and supporting
formulas are placed in the proper queue. If query
operation 1120 determines that the formula is not
dependent on an uncalculated ENT, flow branches NO to
evaluate the formula at operation 1118 which returns a
value. 



[0050] Following evaluate and queue operations 1118
and/or 1122, process 1100 proceeds to operation 1124,
in which the operations are passed to recalc engine
#2. The second  19 recalc engine performs steps 1126
through 1142, which are analogous to those discussed
above in reference to recalc engine #1 operations 1104
through 1124. [0051] Turning now to FIG. 12, process
1200 involving control thread operations for
reordering the calculation chain into a unified,
reordered chain is shown in accordance with an
embodiment of the present invention. Start operation
1202 is initiated in response to a trigger of the
control thread event. From start operation 1202, the
flow proceeds to redisplay operation 1203, which
redisplays the cells of the spreadsheet 400. Following
redisplay operation 1203, process 1200 proceeds to
query operation 1204 which determines whether there
are any entries in the queues of the recalc engines.
If query operation 1204 determines that such entries
do exist, flow branches YES to reorder operation 1210.
Reorder operation 1210 reorders the dependent and
supporting formulas into child chains within a unified
chain. Once this reordering is completed, query
operation 1218 determines whether any children were
made. If children were made, it is necessary for the
recalc operation to again run through the dependency
level containing those new children chains. Thus, if a
child or children were made, flow branches YES to
reset operation 1224, which resets the indices and
pointers of the recalc engines so as to start the
beginning of that dependency level again. From there,
process 1200 proceeds to wake operation 1230, which
triggers the events of the asynchronous threads. These
threads perform recalc operations on the reordered
chain. Upon triggering the recalc engines, the control
thread suspends its own operations in sleep operation
1232. [0052] If query operation 1218 determines that
no children were made in the reordering, the entry or
entries in the queues must have been moved to the next
dependency level as represented by operation 1220. If
no children were made, it is not necessary to recalc
the ENTs within the current dependency level. Instead,
the indices and pointers of the asynchronous threads,
as well as the control index of the asynchronous
thread, are reset in  



20 reset operation 1222 for the next dependency level.
Flow then proceeds to query operation 1226 to
determine whether there are any control thread
formulas in the next dependency level. If query
operation 1226 determines that there are control
thread formulas in the next dependency level, flow
branches YES to execute operation 1228, which allows
the control thread to work on those formula(s). Once
those formulas are evaluated, flow proceeds to wake
asynchronous threads operation 1230, which triggers
the events of the asynchronous threads and the steps
1230 and 1232 are processed as discussed above. If
query operation 1226 determines that there are no such
formulas, flow branches NO to wake operation 1230, and
process 1200 proceeds through steps 1230 and 1232 as
discussed above. [0053] If query operation 1204
determines that there are no entries in the recalc
queues, flow branches NO to query operation 1206,
which determines whether there is a control thread
formula in the linked list of the control thread 902.
As discussed above, a control thread formula is a
formula that must be evaluated by the control thread,
as opposed to by one of the asynchronous threads. If a
control thread formula has been queued, flow branches
YES to move operation 1212, in which the control
thread formula is moved to the next dependency level
in the unified chain. By moving control thread
formulas to a new dependency level immediately
following the current dependency level, multi-thread
processing may continue despite the need to evaluate a
control thread formula. From move operation 1212, flow
proceeds to query operation 1216 which determines
whether there are any other control thread formulas.
If there are other queued control thread formulas,
flow branches YES to query operation 1206 and the
above steps are repeated. If query operation 1216
determines that there are no other control thread
formulas, flow branches NO to reset operation 1222,
which resets the indices and pointers of the
asynchronous threads (and the corresponding control
index of the control thread) to the next dependency
level.  21 [0054] Before the control thread suspends
its operations, it first determines whether there are
any control thread formulas in the next dependency
level in query operation 1226, and process 1200 then
proceeds through steps 1226 through 1232 as discussed
above. [0055] If query operation 1206 determines that
there are no control thread formulas, flow branches NO
to reset operation 1222, which resets the indices and
pointers for the next dependency level, and process
1200 proceeds through steps 1222 through 1232 as
discussed above. 



[0056] While steps 1206 and 1212 in FIG. 12 involve
the moving of a control thread formula to a new
dependency level immediately following the current
dependency level, FIG. 13 illustrates a logical
representation 1300 of this movement. FIG. 13 shows
dependency level #1(1302) and dependency level
#2(1310) with C3 (1312) located in dependency level
#2. Further, control thread formula "CT" (1308) is
shown in dependency level #1 (also housing chain 1304
and chain 1306). As discussed, to allow the control
thread to perform control-thread-only formulas, an
embodiment of the present invention moves the control
thread formula 1308 to the linked list of the control
thread queue. Then, when the control thread is
triggered and assumes control of the operations and
reordering, the control thread moves the control
thread formula to a new dependency level immediately
following the current one. The exemplary embodiment of
FIG. 13 thus shows the control thread formula 1308
being moved (1320) to dependency level #2 (1316) and
the dependency level housing C3 now becomes a separate
dependency level #3 (1318). Only one control thread
formula is shown in this embodiment. In another
embodiment, multiple control thread formulas could be
moved to the new dependency level 1316. Alternatively,
each control thread formula could be moved to its own
new dependency level following dependency level
#1(1314) and located before dependency level #3
(1318).  22 [0057] In embodiments, control thread
formulas are moved to the next dependency level
because the control thread will be the thread working
at the end of a dependency level. Before triggering
the asynchronous threads to begin evaluations in the
next dependency level, the control thread can first
determine whether there are any control thread
formulas that need to be executed prior to triggering
the asynchronous threads. Moving a control thread
formula to a separate dependency level allows for
multi-thread processing to continue while, at the same
time, allowing for control-thread-only operations.
While FIG. 13 shows three dependency levels, any
number of such levels may exist, and the exemplary
nature of the embodiment shown herein is not intended
in any way to limit the number of such possible
dependency levels. [0058] An embodiment of the present
invention, as logically represented in FIG. 14A,
further allows for a spreadsheet application with
multi-processing capabilities to perform circular
reference calculations (i.e., those calculations
dependent upon each other) within the multi-thread
processing of a unified calculation chain. Spreadsheet
1402 shows cells Al through A3 with circular reference
contingencies. In other words, the formula in cell Al
is dependent upon A3, which is dependent upon the
formula A2, which, in turn, is dependent upon Al
itself. To solve this circular reference problem, an
embodiment of the present invention allows for the
circular reference cells to be taken out of, or
disconnected from, the unified chain and placed in a
single chain calculation, i.e., a calc chain without
child chains or dependency levels, for calculating
using a single thread. With a single chain
calculation, as opposed to a unified one involving
child relationships and/or dependency levels, an
iterative function may perform iterative calculations
upon the chain to converge on a final value.
IterativeCalc 1410 is an example of such a function;
however, any type of iterative function for
calculating circular dependencies may be used in
accordance with embodiments of the present invention.
23 



[0059] To create a single chain calculation for
iterative circular computation, the cells are first
placed in a single calculation chain 1404 as discussed
above (i.e., based on their entry into the spreadsheet
1402). In this exemplary embodiment, B1 is first
evaluated and is determined to not be dependent upon
any other formula. Next, working down the chain, A3 is
determined to be dependent upon A2 and is marked as
"In Progress" and is removed from the calc chain so as
to become a child of supporting formula A2. Moving
down chain 1404 to ENT A2, it is found that A2 depends
upon Al. A2 is thus marked as "In Progress" and
removed from the calc chain 1404 to the child position
of supporting formula Al. In moving A2 to the child
position of Al, A2 takes A3 with it. Next, moving down
chain 1404 to Al, Al is attempted to be evaluated.
However, it is found that Al depends on A3 such that
there is a circular dependency identified at 1406. Al
is marked as "In Progress," and removed from the calc
chain 1404. As a result, Al, A2, and A3 are now
completely disconnected from the calc chain 1404 as
shown in the reordered chain 1406. Therefore, in the
process of iterating through the chain, Al, A2 and A3
will not be processed. Consequently, upon finishing
iterating through the chain, Al, A2 and A3 will still
be marked as "In Progress" or dirty. In order to
process these items, the system keeps track of every
formula that is made a child of another formula during
the course of the current recalculation process. Next,
all the formulas that were made children during the
process are checked to see if any of them are still
marked as dirty. If so, that formula and all of its
children are moved to a flat calc chain 1408, i.e., a
calc chain without child chains or dependency levels.
This flat calc chain, shown in FIG. 14A at 1408, is
then calculated using a single thread. If during the
singled-threaded calculation, a true circular
reference is detected, the calculation may be done
iteratively, e.g., by iterative calculation function
1410.  24 [0060] Turning now to FIG. 14B, process 1411
for reordering a calc chain into a flat calc chain for
possible circular reference detection and evaluation
is shown in accordance with an embodiment of the
present invention. Start operation 1412 is initiated
upon creating single calc chain 1404. From start
operation 1412, the flow proceeds to get operation
1414 which gets the first formula in calc chain 1404.
Evaluate operation 1416 then evaluates this formula.
Query operation 1418 determines whether the formula is
a child of a supporting formula. If the formula is a
child of a supporting formula, flow branches YES to
track operation 1420 and the child formula is marked
"In Progress" and is kept track of by the system. If
the formula is not a child of a supporting formula,
flow branches NO to query operation 1422 which
determines whether there are any other formulas in
calc chain 1404 for processing. If there are more
formulas, flow branches YES to get operation 1414
which moves to the next formula in calc chain 1404 for
evaluation. If there are no other formulas, flow
branches NO to get tracked formula operation 1424,
which retrieves the first (or next) formula which has
been kept track of from track operation 1420. Next,
query operation 1426 determines whether the retrieved
tracked formula is still marked as dirty. If the
formula is still marked as dirty, flow branches YES to
flat calc chain operation 1428, which adds the formula
and all of its children to a flat calc chain as shown
in flat calc chain 1408, according to an exemplary
embodiment of the present invention. If query
operation 1426 determines that the tracked formula is
not still dirty, flow branches NO to query operation
1430 which determines whether there are any other
formulas which have been tracked (or marked as "In
Progress"). If there are other tracked formulas, flow
branches YES to get first/next tracked formula
operation 1424 and steps 1426 through 1430 are
repeated. If query operation 1430 determines that
there are no other tracked formulas, flow branches NO
to return operation 1432. Once a flat calc chain is
created through process 1411, this flat calc chain (as
created in step 1428 and shown as flat calc  25 



chain 1408) may be calculated using a single thread.
If during the single-threaded calc, a true circular
reference is detected, the formulas may be calculated
iteratively. While the tracking language of "In
Progress" has been used in this exemplary embodiment
(and in describing FIG. 14A), any marking or tracking
mechanism may be used in accordance with embodiments
of the present invention. [0061] FIG. 15 illustrates
an exemplary computing system 1500 upon which the
present invention may be implemented. A computer
system 1500, which has at least one processor 1502,
and at least one recalc engine 1518 operating thereon,
is shown in HG. 2. The system 1500 has a memory 1504,
in which a spreadsheet application 1520 is located. In
its most basic configuration, computing system 1500 is
illustrated in HG. 15 by dashed line 1506.
Additionally, system 1500 may also include additional
storage (removable and/or non-removable) including,
but not limited to, magnetic or optical disks or tape.
Such additional storage is illustrated in FIG. 15 by
removable storage 1508 and non-removable storage 1510.
Computer storage media includes volatile and
nonvolatile, removable and non-removable media
implemented in any method or technology for storage of
information such as computer readable instructions,
data structures, program modules or other data. Memory
1504, removable storage 1508 and non-removable storage
1510 are all examples of computer storage media.
Computer storage media includes, but is not limited
to, RAM, ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or
other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to
store the desired spreadsheet calculation information,
for example, and which can be accessed by system 1500.
Any such computer storage media may be part of system
1500. Depending on the configuration and type of
computing device, memory 1504 may be volatile,
non-volatile or some combination of the two.
Communication  26 media typically embodies computer
readable instructions, data structures, program
modules or other data in a modulated data signal such
as a carrier wave or other transport mechanism and
includes any information delivery media. The term
"modulated data signal" means a signal that has one or
more of its characteristics set or changed in such a
manner as to encode information in the signal. By way
of example, and not limitation, communication media
includes wired media such as a wired network or
direct-wired connection, and wireless media such as
acoustic, RF, infrared and other wireless media.
Combinations of any of the above should also be
included within the scope of computer readable media.
[0062] System 1500 may also contain communications
connection(s) 1512 that allow the device to
communicate with other devices. Additionally, to input
content into the cells of spreadsheet 400 in
accordance with an embodiment of the invention, system
1500 may have input device(s) 1514 such as a keyboard,
mouse, pen, voice input device, touch input device,
etc. Output device(s) 1516 such as a display,
speakers, printer, etc. may also be included, in which
such devices may be used to display the spreadsheet
400 to the user in accordance with embodiments of the
present invention. All of these devices are well known
in the art and need not be discussed at length here.
[0063] Having described the embodiments of the present
disclosure with reference to the figures above, it
should be appreciated that numerous modifications may
be made to the present invention that will readily
suggest themselves to those skilled in the art and
which are encompassed within the scope and spirit of
the invention disclosed and as defined in the appended
claims. Indeed, while a presently preferred embodiment
has been described for purposes of this disclosure,
various changes and modifications may be made which
are well within the scope of the present invention. 



27 [0064] Similarly, although this disclosure has used
language specific to structural features,
methodological acts, and computer-readable media
containing such acts, it is to be understood that the
subject matter defined in the appended claims is not
necessarily limited to the specific structure, acts,
features, or media described herein. Rather, the
specific features and acts described above are
disclosed as example forms of implementing the claims.
For example, while two recalc engines have been
illustrated and discussed in some exemplary
embodiments, any number "N" of processors and, thus,
recalc engines could be used. One skilled in the art
will recognize other embodiments or improvements that
are within the scope and spirit of the present
invention. Therefore, the specific structure, acts, or
media are disclosed as exemplary embodiments of
implementing the claimed invention. The invention is
defined by the appended claims.  28 Claims 



WHAT IS CLAIMED IS: 1.A computer-implemented method of
processing formulas in a spreadsheet application, the
method comprising: ordering, by one or more
processors, the formulas into a single calculation
chain; attempting to evaluate a first formula in the
single calculation chain;             if the first
formula is dependent upon a first supporting formula
in the single calculation chain, moving the first
dependent formula to a child position of the first
supporting formula, wherein the moving the first
dependent formula to the child position of the first
supporting formula results in a first chain comprising
the first dependent formula and the first supporting
formula; 



attempting to evaluate a second formula in the single
calculation chain;             if the second formula
is dependent upon a second supporting formula in the
single calculation chain, moving the second dependent
formula to a child position of the second supporting
formula, wherein the moving the second dependent
formula to the child position of the second supporting
formula results in a second chain comprising the
second dependent formula and the second supporting
formula;             attempting to evaluate all
formulas in the single calculation chain until each
dependent formula has been made a child of its
respective supporting formula, wherein the attempting
to evaluate all formulas comprises attempting to
evaluate a third formula in the single calculation
chain;  29 if the third formula is dependent upon a
third supporting formula: moving the third formula to
a child position of the third supporting formula;
determining if the third formula is also dependent
upon a fourth supporting formula, wherein the fourth
supporting formula is uncalculated; 



if the third formula is also dependent upon a fourth
uncalculated supporting formula, moving the third
formula to a second dependency level, wherein a first
dependency level comprises the first chain and the
second chain, and wherein the first dependency level
is separate from the second dependency level;
processing, by a first processor, the first chain
within the first dependency level, wherein the first
processor comprises a first recalculation engine; and
processing, by a second processor, the second chain
within the first dependency level, wherein the second
processor comprises a second recalculation engine.
2. The computer-implemented method as defined in claim
1, wherein a fifth supporting formula has a fifth
dependent formula and a sixth dependent formula and
the fifth and sixth dependent formulas are moved to
the second dependency level.        3. A
computer-implemented method of using multiple
processors to calculate formulas in a spreadsheet
program, comprising: determining the number of
processors; allocating a recalculation engine to each
processor; 



30             maintaining a control thread to
synchronize the processing of the recalculation
engines; ordering the formulas into a single
calculation chain;             attempting to evaluate
a first formula in the single calculation chain with a
first recalculation engine;             if the first
formula is dependent upon a first supporting formula,
moving the first dependent formula and the first
supporting formula to a queue for the first
recalculation engine;             attempting to
evaluate a second formula in the single calculation
chain with a second recalculation engine; 



if the second formula is dependent upon a second
supporting formula, moving the second dependent
formula and the second supporting formula to a queue
for the second recalculation engine;
continuing to iterate down the single calculation
chain until reaching the end of the chain; and
ordering, by the control thread, the queues for the
first and second recalculation engines based on
dependent/supporting relationships, wherein the first
dependent formula is made a child of the first
supporting formula and wherein the second dependent
formula is made a child of the second supporting
formula. 4.The computer-implemented method as defined
in claim 3, wherein the second supporting formula is
itself a child of a third supporting formula.  31 



5. The computer-implemented method as defined in claim
3, wherein the method further comprises:
if the first formula is dependent upon a first
supporting formula, marking the first dependent
formula to keep track of it;             determining
if the first supporting formula is dependent upon the
first dependent formula;             if the first
supporting formula is dependent upon the first
dependent formula, marking the first supporting
formula to keep track of it;             upon
finishing iterating through the single calculation
chain, retrieving the tracked formulas; determining if
any of the tracked formulas are dirty;             if
any of the tracked formulas are dirty, moving the
tracked formula and its child or children to a flat
calculation chain without any child chains or
dependency levels ; and 



calculating the flat calculation chain using a single
thread.        6. The computer-implemented method as
defined in claim3, wherein the method further
comprises:             determining whether the first
dependent formula is dependent upon an uncalculated
second supporting formula; and             if the
first dependent formula is dependent upon the first
supporting formula and dependent upon the uncalculated
second supporting formula, moving the first dependent
formula to a separate dependency level.  32       7.
The computer-implemented method as defined in claim 3,
wherein the method further comprises: 



determining whether the first supporting formula has
both a first dependent formula and a second dependent
formula; and            if the first supporting
formula has both a first dependent formula and a
second dependent formula, moving the first and second
dependent formulas to a separate dependency level.
8. The computer-implemented method as defined in claim
3, wherein the method further comprises:
determining whether there are any formulas in the
calculation chain to be performed by the control
thread only; and moving a control-thread-only formula
to a separate dependency level.       9. The
computer-implemented method as defined in claim 3,
wherein a control-thread-only formula is moved to a
dependency level immediately following a current
dependency level.       10. The computer-implemented
method as defined in claim 3, wherein thread
operations of the first recalculation engine are
suspended when the thread reaches the end of a
dependency level. 



11. The computer-implemented method as defined in
claim 3, wherein thread operations of the first
recalculation engine are suspended when the first
recalculation engine's queue is filled.  33        12.
The computer-implemented method as defined in claim 3,
wherein a control-thread-only formula is placed in a
queue for such formulas.        13. The
computer-implemented method as defined in claim 1,
wherein the third supporting formula is itself the
child of the second supporting formula, and wherein
the fourth supporting formula is itself the child of
the first supporting formula.        14. A computer
storage medium having stored thereon computer
executable instructions that when executed by a
processor perform a method for using multiple
processors to calculate formulas in a spreadsheet
program, the method comprising: determining the number
of processors; 



allocating a recalculation engine to each processor;
maintaining a control thread to synchronize the
processing of the recalculation engines; ordering the
formulas into a single calculation chain;
attempting to evaluate a first formula in the single
calculation chain with a first recalculation engine;
if the first formula is dependent upon a first
supporting formula, moving the first dependent formula
and the first supporting formula to a queue for the
first recalculation engine;             attempting to
evaluate a second formula in the single calculation
chain with a second recalculation engine;  



34             if the second formula is dependent upon
a second supporting formula, moving the second
dependent formula and the second supporting formula to
a queue for the second recalculation engine;
continuing to iterate down the single calculation
chain until reaching the end of the chain; and
ordering, by the control thread, the queues for the
first and second recalculation engines based on
dependent/supporting relationships, wherein the first
dependent formula isa child of the first supporting
formula and wherein the second dependent formula is
made a child of the second supporting formula.
15. The computer storage medium as defined in claim
14, wherein the second supporting formula is itself a
child of a third supporting formula. 



16. The computer storage medium as defined in claim
14, further comprising: if the first formula is
dependent upon a first supporting formula, marking the
first dependent formula to keep track of it;
determining if the first supporting formula is
dependent upon the first dependent formula,
if the first supporting formula is dependent upon the
first dependent formula, marking the first supporting
formula to keep track of it;             upon
finishing iterating through the single calculation
chain, retrieving the tracked formulas; determining if
any of the tracked formulas are dirty;  



35              if any of the tracked formulas are
dirty, moving the tracked formula and its child or
children to a flat calculation chain without any child
chains or dependency levels; and calculating the flat
calculation chain using a single thread.  17. The
computer storage medium as defined in claim 14,
further comprising: determining whether the first
dependent formula is dependent upon an uncalculated
second supporting formula; and              if the
first dependent formula is dependent upon the first
supporting formula and dependent upon the uncalculated
second supporting formula, moving the first dependent
formula to a separate dependency level.  18. The
computer storage medium as defined in claim 14,
further comprising: determining whether the first
supporting formula has both a first dependent formula
and a second dependent formula; and             if the
first supporting formula has both a first dependent
formula and a second dependent formula, moving the
first and second dependent formulas to a separate
dependency level. 



19. The computer storage medium as defined in claim
14, further comprising: determining whether there are
any formulas in the calculation chain to be performed
by the control thread only; and moving a
control-thread-only formula to a separate dependency
level.  36 20.The computer storage medium as defined
in claim 14, wherein a control- thread-only formula is
moved to a dependency level immediately following a
current dependency level. 






