MULTI THREAD SPREADSHEET PRQCESSCVG W TH DEPENDENCY

LEVELS Background [0001] The use of spreadsheet
weappiiestdeons for data anal ysis has becone prevairastoo7/011189

Further, as nore and nore busi nesses depend upon these

applications for conplex data conputation, the need

for faster and nore efficient processing of these

appl i cations has becone desirable. Mcrosoft Excel (tm

is an exanple of such a sprehdsheet application. It is
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one cell, referred to as a "dependent ormula, to

depend upon the contents of or a fornula in another

cell, referred to as a "gyipebhhd9” formula. Wen the

contents of a cell are change a recal cul ation

[0001] TEERM Lo DspPRuRIkRde: Qﬁpl%oﬁ?f&rd'a&%faﬁgls ﬁaﬁ a@t!b&g plevalent.

programthread is used to iterate through the
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on these changes. The processing ti conputatio

comRitsHidt '{lﬁ%‘l? eggfx ?a%te'i' %ﬂ&' ?\%Qe %%hc%}ﬁ %godce's%mg Qk t&@ﬁé{%matlons has
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ornmula to_be conputed. The problemis exacerbated as

OPGf%tWé‘ RayBe friggered 38 xepich 2 ngml Srepdiis used & Heratrstheaugh the

pllcatlon i ncreases. [0002] Althou ecific .

f°“nb£’66¥1 ¢recaloyny Beewlasdequsag aeqa}vum gteﬁecﬁgm theselchanges. The

di sclosure is not intended in any way to be limted to
procesgingtiyae forrpmppetion oRergians negyshe @dhmlyl $pe@D 3{ not paused

Enbodi nents of the present invention generally relate
altogethepfu eesighifigastpesind i dime, sdicowl retdlo peogaard thread confronts a

recal culations with nultiple processors, or nultiple
formglardependant uphn eadpporting 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



when nore than one processor or processing engine is
avai |l abl e. Further enbodi nentsrelate to the use of a
wonew/1gsmpct ure and dependency |evels in reor decTug2®7/011189

chain of entries to performnultithread processing of
a recalc operation. Further yet, sone enbodi nents
relate to the synchroni zing of nultithread processing
of recal c operations. [0004] As discussed herein, an
aspect of a particular enbodi ment relates to

relatene thedeseiol @ tesecahuctilratind deppdndenc yoevel s in reesdering 4 8MIs of entries to
Sso as to create a unified recalc chain conprised of

perfoi idudtithheidngoééssing, ofdapedld epérafiam. MEludiserart ssHRIMIBIdNGents
formul as organized in a tree hierarchy) and of ENTs

relate Wh ki s yR Rl 2ing 6f hiv@titheRRPACRBLing Of rezdRSYetdtitths.
formulas. An "ENT" refers to a fornmul a cont ai ned
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the unified chain is divided into separ at e dependency
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asi de fromthose which are dependent upon a

child §H£Hé3gte' RRp E&{eﬂe le&ridlaParki Ny hgo{ﬁiﬁ 159 b;géhga%h in a tree

dependency  [evel , are depen pon
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ENT wher e .a sgst e [ s co rtged of nore.than one é)r ocessor
St P;S‘?"de%% Jguelsy She gupngement ) sypbn gmbediment allows the
F&@@g recalc chaln I n_an enmbodi nent, a contro
multiplg pnys prpeeesies RNTS thionshay drpshdengyileysl srithout
this rrul tithread processin _&0006 This Summary is
havmg toviatdar wecalsilaisy aerépcaﬁgé%& site e splcataied pPace theqext
nmplified formthat are further described below in
depeqdﬁﬁcwah is gepcbed grropessing, of thg ENGg and child chaios (if angrideated
to identify key or essential features of the clained
thereig,is F@'@geqﬁlchgpmphghed kasgd 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 pfocessing engine, to evaluate
formulas in this unified recalc chain. In an embodiment, a control thread may be used to
control the synchronization of this multithread processing.

[6006] 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.




intended to be used in any way as to limt the scope

of the clained subject matter.Drawi ngs [0007] FIG 1
wokbarsiusabes a | ogi cal representati on of exenpbParys2007/011189

functi onal conmponent nodul es including "N nunber of

recal cul ati on engines ("recalc engines") used in a

spreadsheet application in accordance with an

enbodi ment of the present invention. [0008] FIG 2

depi cts the basic operations3perfornmed by the system

shown in FIG 1 for |oadi pg.asusRr €eadsheet application

and determ ning the nunbemﬁl%ocessors for use
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|icat] [ the f ti | .conponent_. nodul es
loadjis g vasBeet aRplichsion fmd feicrmymng (R RbH O PrerRSERTS derise
the of. t he cpre ent i.nvention,. [00(?1]{14z FIG 5 illustrates
TEHIED Ihrcsgtianee vithan aneimens of thy eresantiavention; o) | y

I d,i.nto a sjngle calcylation chain jn accordance
[ooag) ?’ﬂga% illefrats ﬁ%ﬁg?%? opgratiensacetormed by khs systern gbawn in FIG. 1 for
FIG 6A d?pi cts the cells shown in FIGS. 4 and 5 as
perfprmypg arecply APSyation with the recaleameings iepictd iafiIGy 1dnarerydance
..[0013] FIG 6B shows the child chains of FIG 6A
withagcmhpdiment efifbe pessgnicaventiosn engi nes and separ at ed
I nto_dependency | evels, in which one of the cells has
[0019% EGnd derictsgnexsamdary 338 sorradshopt showdhg icell gutries dettcealues
w th an enbodi nent of the present invention. [0014]
and/py wultgdy farmylds ipe wireasisheatiapplisatioatising thé &ursienal ¢ommainent
characteristics of a process for reordering the cells
modpjes gllestiated infdGhd innrdcatdpmrdeitic yn bmbedisneas of dm mressht invention.
the exenpl ary enbodi nents of FIGS. 6A and 6B and in
[0014¢ ¢3G dS Hbwstrates thospreadshettadileiniven of FIhet ¥ iageity loaded into a
i fvention.[0015] FIG 7 illustrates the processing of
singlehmladdtion chiainim dcoofdatice &ith\antdasbddnBeseFahépesent 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.



recal c engines, as well as a queue of cells to be
reordered for each of the recalc engines in accordance
woiodr/asr4enbodi ment of the present invention. pPODABR007/011189
FIG 8 depicts a representation of anon-opti mal
reordering of the cells queued in FIG 7 in accordance
Wi th an enbodi nent of the present invention. [0017]
FIG 9 illustrates the program code for synchroni zing
the threads of the recal c eflgines shown in FIG 7 in
[001S3 GUGt Walieravdstihe procesdnglo Mbricelld slidwn ik @by the two separate
invention. [0018] FIG 10A is a flow diagram
recald drigixsds! a8 w8l ab BueneofédiBnabe edvrdaet €1 aich of tiof reaalc engines in
process for initiating the evaluating of the val ues
accor@dtbefvatHTbh 8mbbainidi of Bld freshoMVehtios! G 2 in
accordance with an enbodi nent of the present

[0016] THENRIdRPictd Db sefitalion HEB nofi-optimaD WeHHASKPHT the cells queued in
illustrating the operational characteristics of a
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or asynchronous t ads of the recalc
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he recal ¢ engi nes” shown 1 n Fl I'n accordance W A
or o AR Pl BB 500 PR30 of R Brci2

haracteri sti cg of aéﬁzr ocess .for allow ng the control

accm@ﬁ?@a‘ﬁ‘ g FEpPqEReRt L RePICEH Y HEYyeues shown in

Fl 7,10 rk .on confrol -thread-onl or nul as, . an
[001%]$%%dp%5$?% Aagram 1 ltsg&fla&#tfeow#wynafwclm%ﬁlmto%&mmess
t he present invention. 050022 FIG 13 jllustrates a
for syspgnding of &pgacsioniht Pl thiend apd/ar amrhignaws hreadsof ghe recale
thread formula to the next dependency level in i
engings shewame E1Gi 7 i ansoedmmer vidran erbadiment efdhe present invention.
i nvention. [0023] FIG 14A illustrates the treatnent '
(0021 FI&F- rid uk arflovo diggrans ilgstuating tho onerationg! ghrasedterdstisg of g process
accordance wi th an enbodi nent of the present
for reopdaring tha cpliowith thy @ntio] ghiead and pppechiionguathreads of the recalc
illustrating the operational characteristics of a

engings shews 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.



for reordering a calc chain for possible circul ar

reference detection and evaluation as depicted in the
wexemaksry enbodi nent of FIG 14A and in accor #anas2007/011189

wi th ot her enbodi nents of the present invention.

[0025] FIG 15 depicts an exenplary conputing system

upon whi ch enbodi nents of the present disclosure may

be i nmpl emented. Detail ed Description [0026] This

di sclosure will now nore fulsly descri be exenplary

[0024F F30J1 ABRE § AW BiabRECIIRBESIdLME BPeAGOARRAMAYIRHistics of a process
draw ngs, in which specific enbodi nents are shown.

for reSd3fihe ARRELRIT B poRQ PRV S culak Fo8rRed uSdclidh ARWvaluation as
dlfPerent forms and the inclusion of specific

depicgegq ?%Q%gplgﬁlcﬁmédiﬂfeﬁ%ﬁ% ¢ 4ANRM if] 2008rdREcCRRR bitégd

imtin aspects to the enbodi nents set forth

embogﬁﬁ&{tyof@%t g&’mff[d%gﬁ‘gﬁf(’di ments depicted in the

raw ngs are I nc o provide a disclosure that is

and conpl et ' I . .
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referring to the fiqures, |ike structures and el enents

preseﬁ%‘%‘ﬂ\ﬂ"?%? 6%%%%?“%?‘2‘3?‘.%@1 cated with Iike reference
numer al s. Dashed lin%é By ge used to show optiona
conponents or operati L [2%hes may al so be
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envi ronnent 100 for_ processing spreadsheet .

referqnge 59 the accPBRanying Hrayvings, ip @iy spsediceyrabrdimgnts are shown.
correspondi ng programthreads is shown in FIG, 1. In .

Otheraspects SeAYRBATE Ve Be spbpdisd ipmapy thifersatiogms agd dainglysion of
nodul e 102 which includes a nunber "N' of avail able

specifie mbednents in e displesereishepld yeot berponrsiiaied [958 linpfjng such aspects to
recal cul ati on engine ("recalc engine") 104 operating

the emhediseamts Saidodly bevsin. 1R@hen, thermmbodizlenalepictetnindba deawings are
116, and an |1/ O or send/receive nodule 114 operable to

includet®i prevaled: disclnsure thad ag thofouginanieodmletb asé whiéh fudky conveys the
wel | as to communicate with a |load control nodule 112.

intended $aopn to thiselskdbbddo e at. Wihdn refectmgonhe digasesplikdistauctures and
boundary detection nodule 110 that determ nes the

clemérth geovan daonghaut afe indidated 'witieliks referentd s erdd. | Baskletl tines may
require recal c because they depend upon or

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



support the content changed in another cell. In an
enbodi nent, dirty cells are recalculated in the event

wea 20@aas@ael ati on command is received fromthe PCT/US2007/011189
send/ recei ve nodul e 114. [0028] In a spreadsheet
application using the multi-processor environnent of
system 100, it is necessary to determ ne the nunber of
processors available in the operating system FIG 2
depicts the basic initializagi on sequence of

b QRS 0, . j
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1 ading, or calling, a spreads catio

a ¢ o .

supr i e SRkl ed R ol B & SAbSdiaRlne, Mify collsaro recaloutated

in th%oegs gagrcg llge tié\% :cJ:hrln%na l | gg I'el%ngI}CErl) grlé)ggﬁl%ﬁsleﬁgéép%’ivé rrﬁomeclli4.

licati operatian 204. .In . enbodi nent. wher

(00283 fe p spreaichssarnication g Mromlii-ProgeRsop Foy Felifient of system 100,

... threads, gre used to eyaluate the entries.,or "ENTS" in

1t1s ae%e;%?aéaa%ﬁ%tsmmahﬁn B RP GO Pv?li?bii%t"e HPgratigs system.
synchronj ze the eval uati on of those ENTs by the

FIGp-"f dFRiFS: Brsigiializagipr segyepes Wv}ona&ozmﬁf gmed by the system
operation_ 206 determ nes the nunber of processors, .and

showm i FIG dafos leating&x cabing, 2 pprepdshepiapalicsipnsgng dafermining the
Store operation 208 stores the determ ned nunber of .

numbepelresessors{ar tfetheredthe sart gpatation 302 is Hatiatpd &llopigg
In an enbodi nent, the processors used are seﬁarate. o

comgppieasion vsith gipadecantrohmednlerl I@nipouhiehatsprensiphest appligation is
or nore enbedded co-processors on a single chip. In

loaded imload appbedtioneongirateon 204a | Ih o andwdiroertarherp nadtiplegrocessors,
in allocate operation 209, and then control of process

and 206 muldpkf mograno thredds; arcoped &t ¢vauna@d the dodd&0dr “BENTS g a
nowto FIG 3, recalc process 300 begins with start

spreafsheat dhaim 3d2ylatibu,Ghisi recesshityi tatsgnchironize sipongdudidnaf those ENTs
manual or automatic cal cul ation or recal cul ation

by thepuedity bf pfocesees Acchdingly; detuhatid dptraidn 206 determines the
spreadsheet running on the system 100 shown in FIG 1

nunibep 6T proaédsonp and el endih@ 102G &l thigl opleidih ol SEAS I Stofe
recei ved by the send/receive nodule 114 and data is

opefaibh 268 8tbréy B deh@nthiddhasitor bl Protesdorslind 8RirWecERQocations in
request. In an enbodi nent, start operation 302 is

databhiI0. S8 RVerfodBRMéal, thEseskoRYs8d MR&ephi@te processors, while in
recal cul'at et he spreadsheet being di splayed. 1n anot her

ano@RPEAbIB R ent B3 dre BRE bAIoPNeriBdded cblr8S&56H 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



automatically by a request froma calling routine or
when a user either changes a value or fornula in an
wanio7ousadds an additional ENT to the spreadsheetr/us2007/011189
Regardl ess of the specific triggering mechanism the
recal cul ation request is identified or "resolved" in
operation 304. Follow ng resol ve operation 304, the
domai n and range of the recalc request is determ ned
in operation 306. In an enbddinent, this involves only
the spogadsiRNT being daspdayredr hlahoﬂibrmnbodmi'ent Bt oRSatich 302 Rtriggered
of ENTs that depend upon or support the changed cel
autonatinalénby airequest frolinrd ¢allifd\fRuinE oe Whaf halsei ¢ithed RRARIds @Value or
306, process 300 proceeds to recal c operation 308,
formuldrincdn ENTadreidde be additiensli EXY 16 eld spréddshées. OR@E&@%S%? bhe
enbodi nents of the present invention. Wen

specifietRigeihg hiec@Ranisme MigRbedQulat e Rést i ﬂ@ﬁtflﬁécﬁ of (‘}egéﬁléﬁ Tin
operation 310, which returns operation to the calling

operai®§l804r FOB®Ying res19¢ b5éi8tiod 96483 e Eér@am‘ﬁn@%@ﬁ%é ?Cj‘f fle recalc

sanpl e spreadsheet 400 that nmay be recal cul

requeéttlb Hétghﬁﬂlea h& oPERRES 506I eafid BRHoRRRUE tmstx{;#cflgéso&ggl oh@ENT. In

In this exenplary representation
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ornu respe
B2. Finall
emb"&“?‘ﬁr“@ssém’s St B S VR 13 % e Sl o
d d A3 d B3. .As d._ab th
trans bl el GREMGT 41 RHer TouiS emoration 191 calimpsnods ot oper.
fornulas t hat must be cal cul ated or recal cul ated, and

Hnmﬁ¥ﬁuS t he content of each ceII is referred to as an
For ex the formula "=A3+B3" is

n ENT n
10030 1 Fenjeraciamanie surdoboet 409uBamep b eeslsaateg wGkzing the
c%llugg, %)s preadsheet 400 with the system 100 shown
process {lesgravediaboyh wvifl) seact &7 ElG ey In thip eseapldrigepinesnENips of a 3x3
nto a S|nﬁle cal cul ati on chain in consecutiveorder .
SPT@aCl?&%*‘édcedh Aherd Bil dn gow 402 ae eharshwith exempldry VEIugs 06“=1." The
illustrates this single cal culation
cells A2 and B2 in row 404 are shown with formulas =A1 and =B1, respectively, which
represent formulas dependent upon Al and B1. 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



chain ordering of cells A through C3 of spreadsheet
400 shown in FIG 4. By way of exanple only, the ENTs
wonowwaks=2 Al t hrough C3 may have been entered RCTHRISE007/011189

the spreadsheet 400 in the order of A, A2, A3, Bl,

B2, B3, and, finally, C3. In this initial ordering of

the ENTs into a single chain, the program code pl aces

the first ENT (i.e., A in the exenplary enbodi nent
referred to herein) at the rBghtnost extrene of the

ordef Baded Ohedntry ihRetheeyteaiilbet Adetf. ARG 1llﬁst?éié‘s3ﬁ‘1§§§1h%l€ calculation
order, working fromright to left and ending wt
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upon the formulas in c upon
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the e%(g&%iﬂ?g @H{b%dfgﬁex@ %e ed L erg*n) taﬁ gqepﬁ;%@gﬁ?or L 21?% ?fotﬁ’e calc chain.
e A SO Bl W S0, 8,8 i

C3 formul as organized in a tree structure utilizing child
“chains within the unified chain In an enbodi nent, a

for 3. | rmn
[0032ﬁ eglgog]ggqj‘mg It‘%yﬁgﬁgﬁlgq ENE‘@ in g]sé,ﬁifég c@cgﬁgo;\ghgl?l 500, the calc
Furt her he first supporting fornula nmay be nade a
code i ih éé A drtermaingy 'g'@t %§OWIM%%MW$ Bpor the formulas in
' ends 0033] Once C3 is noved to be a child of A3,
cellst“h:g and 123 Nlent, Tnen lnekioe ah el ARt (sinceviais tla st namne ksl in the
B3 in the exenpl ary enbodi nent shown in FIG 5. Upon
formptla) et detgrnined dhat gall A3E8 “dire” capendinglealdilstay einsthis
that B3 is dependent upon cell B2, and that B2 is
embodjmeny; the BNTF 143+B3 ¢ tmedled acHepahdefit”Barmiln, sidibedormula in cell
fashion, the code tries to calculate the next cell,
A3 i§ called BupaadingEtiemmilae & tihembBdintkep efds: prpsent B{venﬁan the single
t hus becones a child of Bl and, because B3 is a chi
calcwlétid@Pchdih 081 feoederbd salacloaireatoh uBiﬂed?lﬁxauﬁBﬂd@%nﬁéﬂ%ﬁB
as child chain602 in chain 600 in FIG 6A) is born.
supphigiitg forinelasalrgaieébinta ir@Sstiv@na¥ atiliding ohfid@A8ins 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 B1. B2 thus becomes a child of B1 and,

because B3 is a child of B2, the entire child chain of Bi, B2, and B3 (shown as child chain



determi nes that A3 (which has child C3 as di scussed
above) is dependent upon supporting formula A2, which
woO0071g&142 dependent upon Al . Thus, the chil dpechaismo7/011189
A, A2, A3, and C3 is born. An exenplary
representation of this child chain is shown as child
chain 604 in FIG 6A [0034] Wile chain 604 shows the
child chain of A, A2. A3, and C3, another exenplary
enbodi nent of this inventiongdepicted in FIG 6B shows
| 171 L-ah :Chkdd [ 1 ' fAF
02 fp Shah (BRI FIGT KT (Rt R Ml ey Rt Bt Loy

detegﬁxg}%g giﬁaqte % : gg%?? gt?il/c% F§\$§ hilscés%gd 590\?62 ggfel%%ﬁ%@névﬁp%g supporting

e I nvention.

U SRR GoUSRBTIRACH) AL R o 2 A2, a3
b s R RSN S SRR A Do pgot

fgrrrul ain achild chain within that dependency | evel,
FIG, é'dependent only upon ENTs in previous dependency

| evel s. The arrangengnt .[n.such i me al | qws
10034 Wsile chiim A TpPGBeSplLotb o L RE BN b chpthsaeemptary
a dependency level in,a continuous fashion wthout . .
emhogdimen) afdhigdnyention dericied:in EGe QBSS?PBWS PrSigarshld ¢hpin@10 having
cal cul ated. [0035] The benefits of separate dependency
C3 remyesied therafpm, aeieseis G3ais derlndpdindtsopanphain §12 hesgtrdiipfseparate
of calculation chain 600, wherein C3 is a child of A3,
“depgnidency levelir®2Q in agcendianes with apothereabodiment abthe ipyention. Indeed,
FIG 400, C3 is dependent upon the sum of the formul as
FIG. 6B/sboaisdwB3lisazgtei depetdencyi tgyelsdeamelysisnendsmicy Agveh g (618) and
B3. If B3 is calculated before the calc code tries to
dependdngyievelCd2i(62QhiBaghclepemiepleveheamtaihe E& s which.easids from
del ay when the calc code reaches C3 (i.e., the calc
thosmowthich sairafépentiont upoadi auppbytingdbuooilatie aChildebamseitinotthat
A3 and B3 will already have been cal cul ated). Thus, C3

depefid@icghewl, aoldedémdznt oy yipor BN TS iapredots dépendensytielels. The
chain 604. However, where B3 is not cal cul ated before

arrdagemEnEaudh b nibodidientellot/s Fotene dritBofABcEB8S thipkdcess ENTs
not be able to cal culate C3. Consequently, C3

thréupRBL S 8EseRldEnd P08 id% dodfifudis fBshis@XBINASt having to wait for

uncal cul ated. Thus, the processing of the child chain
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 immediateiy calculate C3 because both A3
and B3 wilil 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 calcuiate C3. Consequently, C3 remains



604 woul d be paused, or stalled, based on C3's
dependency on B3. Such dependenci es have the potentia
woaeoaviest4e | nefficiencies in the processing of pceaabms/o11189

An enbodi nment thus provides for C3 (612) to be noved

from dependency level # 1 (618) to dependency |evel #2

(620), as shown in the unified calc chain 606 in FIG

6B. [0036] In an enbodi nent where nultiple processors

are avail able, noving C3 tol& new dependency | evel
uncal@llatedas bonges BRrdpiA6E 65 culeK i Thus) theCptokbébsidppdfithé ¢Rild chain

to conplete that chain's processing and nove to the

604 wk d}Szhfsed ,r sedIRiBdscE WA s abpdndeidiadb BB 1A dependencies
dependency level # 1 while a first processor continues

have thBpohBaERTréde ﬁfefﬁ@i'eh&e§ﬂﬁh@ pERBssid 6Bk iR é?nbodlment
processors are shown as recalc engines # 1 and #2 (614

thus p@md@slﬁr ds%@ﬁm Beehbled Rofl fepehBmy 1GR1 8281 V@rte Ql%?éﬂfency

i ncludes a recal c engi ne operating thereon.

tevel #2605, BRI M EwTRAIELGosIBFIB, gcor dance wi th

an- enbodi nent o present I nvention, any nunber "N

[0036?])2“ Q%@ﬁl%%ﬁ‘%&t ré Q%IQ ér FSaFI lujeg.%glzab]lg A&n}v{)mg 143 tok1 new

oye on and reé€ca
o8 R AL e o

chainrygp g%gﬁl r?cg\ye’ atﬁ eeﬁtgrhog sr%gri(ﬁt ofd q,np ﬁﬁé%ﬁ%gl‘eﬁt\eﬁ% clilari]n within
ti 624 itiate . .
v BT L LD 5k L1450l v on

n1400 and a for recalcu
These@asﬁlg Teirecsa 57 i a%ffa{&re&&g&aﬁ 3324619 5pE0361 on
ygjgg the ENTs are ordered into a single
respecteX) 1A E G OB TS S BECHOF HEHASSAdRFaI0 P Pperatipg thereon.
.. spreadsheet  program 400, as discussed above. Next,
Whiletyg 1552le eas@feaﬁxeoshomnﬁlﬁe ABtiE aceprdgnge uith ap wmbbiinent of the
formula in the single calculation chain. After trying
presegtdngspgiogatey paber ‘T of progessers, py Gosasbwie qlipreed@d in BIG. 1,
query operation 630 which determ nes whether the first
may temrlpyed Sr deperiedation pahregalspemtionng formula. I the
first formula i s dependent upon a supporting fornula,
[0037] [F3Gi. 6F aBweiratesttBe proaesy 62D patfouning3e rednileingrof/BNTs and their
the first dependent formula to the child position of
movemisat ubans to thy rfeat depeandendy lehd ih acatrddreenuitta an smbotiment of the
dependent upon a supporting formula, flow
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 def)endent 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



branches NO to eval uate operation 632 and the first
formula is evaluated. [0038] From nove operation 634,
wonRorags4622 proceeds to query operation 636 WRCTHS2007/011189

determnes if the first fornula is al so dependent upon

a second, uncal culated formula. If query operation 636
determnes that the first fornula is dependent upon a
second uncal cul ated formula, flow branches YES to nove
operation 642, which noves the first dependent formula

suppbatiighformald. Ideremeefehul£14eot dOFHdentnYa Q@g?ﬁ{ﬂggfgn{lgla, flow

644 determ nes whether there are any other

bran€he3INIO 6 el ilubiB@pesioH!BYIAA EhBER £ ' anches
YES to evaluatepoperation 628. If(ggg¥§k%%é?g¥$%n 644

[0038P RIS Jﬂéaitiohfm&;eg@fcﬁ%@t@ﬁrﬁ%edg % gy%rgzolptgfaltigﬁ 63§ avhich

eval uate, flow branch erm na

deteﬁgﬁihé@ifﬁﬁ@ fird? "f&‘r‘rﬁﬁﬁ ésﬁ%go dé;fegg%gtr ofl Qles'fé%ﬁcp ﬂngglgulﬁigfi formula. If

etermnes that t I rst ndent” Tormila
. G ed, supportin
avr PP ARSI AR HLAL SBIRARL b s
' h he £iLst _supporti.ng fornmul a al so
unca SRR ISP BB 45 4 OB S TR R e
first su i ng fornul a _does not

ramines . that th or. . .
depfE A G RSO AERSRESPST IRV o, ot ot SPRen kY fejermines
ate operatian 632. On the other hand, if query

wheGUAE 8+ 3BloMse Brmisiie Talieia Mt FoIGE auon SbrT g i o

or al so has a sec ependent fornula, flow
bran R4S e lE S iOE ok ol BRARFHGT. G G9rormBes hasthers arc

nd.second dependent formul as_are noved to the next
no 0%85&58%‘%&0% Fie. Hpwrhrananes S iaterminagopergiatedswaizh ends

rogee to query operation 644 to determne if any

Pr°°%1s ﬁés ggﬂ?ﬁﬂv é?geli%aﬁ OP@ deteamings ithat theafitst dependeaicfessula is not
proceeds as di scussed above. [0039] Wile the

depepdsit yepn ggeemd yrealeniptedisupposmedformulal 8w WEAnciBB NG aslquery
6C has related to such reordering generally w thout

opergtigit3$ whichsetempinsswhstherthe 5% suppariing fornita algo baea 86cond
nore processors), FIG 7 specifically illustrates the

depepdssit femiuly. MiMdeof opersiioyiiaenmainesitat iterfirehaippoftir@ormula does
spreadsheet 400 through the use of nmultiple recalc

not baygi sewndnitpasienc foromiy flovhbeackes MOaoRYsRhteldMetARBN 433, On
is enpl oyed to synchronize the various threads and

the othec hhwd nfjquas .Opblfatibi_‘i 638 xiettpindicy 1R RS Fire Qﬁpﬁrﬁﬁg &rfffa also has
700, two recalc engines 704 and 712 are

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 §40, 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 qf multiple recalc engines and asynchronous

threads. A control thread 702 is employed to synchronize the various threads and recalc



enpl oyed; however, other enbodi nents may invol ve any
nunber of recal ¢ engi nes and correspondi ng

woubd7i4staeead processing operations. [00401 | nPCT/US2007/011189
accordance with the exenplary enbodi nent depicted in
FIG 7, a processing thread fromrecalc engine 1 (704)
attenpts to evaluate C3 in the single cal culation
chain 708. Because C3 is dependent upon A3 and B3,
whi ch are not yet calcul atedl2 C3 may not yet be

engifdd. QHItRS BEbmSIARSGANER Mt off SERIhT 700 3vBGedal EBYEReSRVL Mhd 712 are
its queue 706 of dependent and supporting fornulas. C3

emplo%edi 'lﬁv?&e?%tﬁeld&m%@ﬁts gﬁk@}ve%w ithted of te3hREngfhes and

e supportlng formula for t he program

corrésgf,ﬁ‘e Qlflul{lqgf’éa‘a éﬁg&ggﬁ% ﬁpgrggggs. attenpts to eval uate

b e to eval uate s dependent fornula, recalc

[004%{2‘% Q@ﬁ&dé&%%ﬁtﬁ%%&%@fﬂf@ 808 érﬁ aehR NihiFig. 5 A g%cessmg

ts own queue e en ent supportl

threadofrgpdlrgé lc lﬁéﬁcﬁe Hr(?rp fﬂé {on a%] sl tt%\ﬁ\{lgl%%l Ebulatlon chain

I nes ave atte eva eac

708.?”&1&?8@' 10? atnle eerﬂxt lg) 31: uatamgB3[ O ?14 gagt Pcalgated d].% may not
6 and 710 der ed

yet b lTieRs: CoMl %Fﬂt . Seie sftiin | e BakiGiegh 7hRof dependent

and SRS R sl 8 e hﬁ%ﬁwﬁb@" 40 i et s the

804 A2, A3, and chai.n
S“PP%%%V\%‘EWFE I\%l ‘ﬂBZN e’&nﬁws’?gﬁ?ﬁ’e B%I%Hracaé% gngfae gl@l%}cﬂtﬁmpts to
kﬁngy shown as elna | ocat ed i n. dependency | evel #
eval&ate )Uptbleteevaluate this depandenf iopmia. Fasale elifgt meves dependent
704) processes child chain 802 conprised of Bl, B2,
B3 a&ﬁdtsefyppqﬂ&g fopmnladB? todty eV ABFHR7 10 pledfpsadent gaé supnegting
child chain 802, recal c_engine 2 begins processing
formatias. TR arosespeontinges witil thy tavpleaanginastont Atemptedto yaluate each
assunmed that recalc engine 1 finishes processing B3 in
ENT:h the siziede eelgdatipetlnie 7P8cal ¢ engi ne 2 reaches C3 of
child chain 804. In such a case, C3 nay be eval uated
[0043¢ Qnesecabo ENT nechuinp pos h&ai@peh@waimlawﬁ, pattemaptB® tbe evaluated, the
al ready been calculated. I'n this enbodinent, C3 is
quegls 0 and 1 Qiang réaydate thio chid phaide by yhd @ongtol thriad B0BPased on
anddependency | evel #2 (808) is shown as enpty in FIG
theiBdepdodentéuppontingrelatienships. Similar to child chain 604 discussed above, FIG.

8 shows child chain 804 with ENTS A1, A2, A3, and C3. Child chain 802 shows ENTs
B1, 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 B1, B2, and B3. Then, while recalc engine 1 begins
processing child chain 802, recalc engine 2 begins processing child cilain 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



enbodi nent, it is possible (for a nultitude of

reasons) that recalc engine 1 is not able to evaluate
w82odrafisme recal c engine 2 attenpts to eval uat eCORS200m011189

such a case, C3 would remain uncal cul ated and recalc

engine 2 would remain stalled while waiting for recalc

engine 1 to finish its processing of B3. Such stalling

prevents recal c engine 2 from processing ot her ENTs

and child chains which could3exist within the first

depeh@RRN ARt ¥2 (80D is ché Wil 89edp§ inddd. 8] MevehdhRBiotkr
not shown in the exenplary enbodinent of FIG 8). A

embdimkh€ §t i5 PSile R aRultPud b rBbhb)theNYecite @nBinet1i8 not able to
mul ti-threaded processing capabilities of a

evahlii ﬁ;x, HRERE SESR en;gﬁg 8 g}téﬁ'xgﬁ 1o cWAIRAE 6251 efrf s%gﬁ 6289 3 would
recal ¢ oper at i on. or rec C e_ngl ne alr e epepdént
e B8 QEE SRR RS RGP LRIy By

. der. f ) . [ '
en gqu Pl FhiH gts \%6%(%%83% %k‘ h% . aS-ISl-lg{l § gﬁm%%%{/egr;t% i'eecaﬁigcoéjfgf%e% Lfrom

reorderin ear e e

R R AL —
R ATARR AU RN PR RCLN M ——

3 regai ns uncal cul ated at the tinme of evaluating C3)
8). fgéﬁlﬁla Fesgln Teinesisay Ipeftigispbise of the patidditepdedrorccssme
ﬁ@%@%@ hi one enbodi ment, the rules governing the
capa e myHltiprogayior sysichk(i fe fthegr theaawrsied regalr ogerations for
(1) Try to make the dependent formula a child of the
recalg ¢BEWPtS W IeRPASNEUPqIDe proqepwng spreA f wingle raealcenigine 1). Thus,
al ready a child _of another fornula, then the dependent
the epphodimentishoyndn FAGr 8 is netanppiimad sgsadering 9f theells. Be thefcontrary,
t he supporting formula upon which the dependent
an optgpahreardgaps nasld pprsat gs esxamphary gmbodanentisbown in FIG. 6B and
dependent fornulas are queued for the next dependency
discysesbihove3h refereance tiaretoa cont ai ns a functi on whi ch nust
be eval uated on the control thread, then the formnula
[0042] &Vlaler FIG. tSoshasvsaa napoptirnh] retrdeditlg 8OO i kiee' ENITS, inowvach C3
to the next

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:

¢} 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)  Ifaformula 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:

€)] INDIRECT function;
(b) GETPIVOTDATA function;



dependency | evel. By way of exanple only, the

follow ng functions nust be eval uated on the control
woho@ads74¢a) | NDI RECT function; (b) CGETPI VOTDAPAT/US2007/011189

function; (c) INFO function; (d) ADDRESS function; (e)

User - Defi ned Functions (UDFs). [0043] Turning now to

FIG 9, an exenplary enbodi nent of the program code

900 for triggering and suspendi ng the asynchronous

t hreads of recal c engines 114nd 2 shown in FIG 7 is

shown ug)acqgnﬂam@ﬁnmmgh an enbodi nent of the present

inventi@p. CANDREST FRAdnY02 control s the triggering

of the ﬁyncﬁggmyﬁng&m&@%ns{mppg)ally, counter 906 is
set to e nunber of processors determ ned from

determ ne operation 206. Counter 906 may be any type
[0043:jmT1ﬁ'?H1'§trﬁ>Rv o FTCRD, &X ERBhBIaYy SRBOGKIBNbS the ng%{n 88 900 for

be“referred td as pI TNl ng. Regar dl ess t he

o B S 45
FIG. 9% ﬁ{owﬁldactc? cﬁﬁ%e gi)t(xla?rl%n?oofd%ﬁgg rreé @r?tqnventlon Control

processi ng ary e

oG Gdtns Tabte Bk ooty e, UGG
set o bR LR Mo ehaSH o gadl Sagatly Oé‘--”ewn“%f 906
may by g%;gﬁ?ﬁrg'glg g@sed%gr@ﬁ?rgeegﬁggf S Sled B HAF he referred to
as Isﬁwin%;fﬁaaaﬁcﬂﬁsg %Eﬂ‘?ﬁ%é%{aéwm&fgfse% sBit e%?gp@ o4 e

and 10B illustra e oper atjonal, eps

CCTE} ergrhly e oRsprted eaesryﬂe# /3P Edgr multi-thread
oper ati ons of recal c engines 1 (910) and 2 (920) to

procesgingy dr thesexeginiary Arhadimpel PG 1, epumterg0gyip thus set to a value of
cal cul ation operation 1002 of FIG 10OA is initiated in

“2” forrpsalsagings 810 gad PRY. Fortheraflie congrobtheagindexy 904, e.g., int
spreadsheet such as the spreadsheet

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 FIG. 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



400 shown in FIG 4. The counter 906 is set to the

nunber of recalc engines in set operation 1004. Next
wako@sgsgn operation 1006, the control thread 902/US03/011189

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 contro

thread 902 then triggers the events 916 and 926 on

each recal c engine to wake tise threads for processing

call, bidabin@as an0Rplisdd ) isl@PSanfebt an S¥ert %i}%w&et%%gé& thread 902

application, Is an exanple of an event ere

ma | | ' a 106, a
VB e B 0o A A 0 S B o
threah%ﬁ%ﬂg%ﬁfcﬁed P‘fc%rh&ft lf)g)g&ilgﬁ 976N tFo? E}?ﬁrﬁ‘ e or%c%lg %8 '%iallé %0 begins

exa recal c engin begl ns I'sintertoc
' . ing .a..1l" to th .
i BESRRT e A0oR 1 Dl B0 -3 L b gt e s
. ' (o S in phis . embodi ment, .in
and 4G5 he AN e d6iRaer B s' " ThottitdY B babEeph it depm fom
' recal.c.engine' s index val ue 914 and the

conttph fiyedd 02 ERE S RaRe Brntasy i sk el e enser pahe 914 and
contr, thre 902.is the value which recal c engine 1

the V%ﬁ‘&ﬂfgi‘? SR ghfa%‘\ﬁwdﬁh ?02 regmed fxqra SPRFFIdReAR0R ints, value

hi#n %ﬁis exenpgar .enbodi ment, recalc engine 1 (910)

which fesalcERgiEc { FRowg dierase dewpdagisinglecrlaydation chaind Aia| Indhis
of "0" to.,a value of "1." Because "0" was the previous

exemplgry emftodimente Fsplcsmeing led 09 insesnans therasatiok thavast index 904
(91?% receives the value "0," conpares it to the value

fromgva f‘sogv% o Rdwatuaafy’1.’e Recaused0”iwasthe prayiouse/ahietdf the control
this exenplary enbodi nent, to determne the difference

thread dnde?04; Fessdc enging/ h(UEY redeives the galuaiflisotparesgtial the value of

. "0", and receives a value of "0." A value of "0"

its oy e 4 egal“” emagonedance oith) thisexemplargteebiodanérity ot determine
ENT (i.e., C3) of the calculation chain 918. [0045]

the dfferpicerbefweecthebetvanyilnes, 2e(, 920 imer F00Tamals “0”, and receives a
thread-safe interl ocked increment operation, in which

valug of ‘f0i¢ renelnt of t*Dereqoires pdcalchongait 1 (TOY tOOalh4to Me first ENT (ie.,
"2" and receives the previous value of the contro

C3) dfitheaalculatden cR44 918. return, i.e., "1" in this
exenpl ary enbodi nent. Recal ¢ engine 2 (920) then

[0048joBipailely, tdvak: driping D esdz% petBrifd a thread -EAQRBACOQQALAYement
thread i ndex 904 with the value of its own i ndex,

operatiod, in WhichiiflinkRinfer@X @RYoAtrY¥] thread index 904 from “17 to “2” and receives

the previous value of trhe control thread index 904 in return, i.e., ““1” in this exemplary
embodiment. Recélc engine 2 (920) then compares this returned value of “1” from the
control thread igdex 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,



enbodi nent, and conputes a difference between these
two values of "1." A value of "1" thus requires recalc
wengi7nesa2(920) to eval uate the second ENT (i.eCcT/uB3)07/011189
of cal culation chain 918. [0046] In an enbodi nment,
this thread-safe interlocked increnmenting continues
until the end of the dependency chain. Upon perform ng
i nterlocked increnmenting operation 1010, each recalc
engi ne starts eval uati on of ¥n assigned ENT in
each seralcaerigine 319419 evalastiongoftani gysigned ENTRinaspspaivnoroies Having
threads to evaluate the chain 918, the control thread
trigge®d theiap@motimniots threadsap evaltiitenise eliais DEP, the tdntas)dhreai H82
for its own event 908 to be triggered. Process 1000
suspérus itstavansperatioristat sRpUTN 4 ARG faiits For #9dn BB th BedAgpered.
enbodi nent, the operations of a recal c engi ne nay be

Process 91000 dieh draehifork €iadthnn dpwrdiide 10862l ¢ engine itself. In
anot her enbodi ment, a recal c engine may require that

[0047] In @ceBEdiaRAShé BpGaGSHRST 2SUsAE %H?‘li}g Sléér}' e ﬁsgéfdfed individually

enbodi nent, an asynchronous thread

by thehedald BeiROtsaAf. B ARRRAARIOYhaUEL récﬁﬁe&%@ﬂ%ﬂﬁ%y keg;ilire that all

anot her enbodi nent, an asynchronous t

asyngSRONAAR AN 88 shlizhald) Gt BHBUGm A, AUl oRSSHIRR

full with dependent and supporting fornu

suspé%ﬂi@ QLT e tHB¥nd Ef’ 2 h%pfen@%ﬁk%; le{/glei? %‘a%h{a@ rewseﬁ%ﬁge? %i giment, an

an asynchronous threa e”exanpl es ¢

asyné'flﬁﬁﬁcﬁgqgretaﬁ &y H@f@ﬁe&&%@ﬁeﬂ%gﬁt@tﬁ% Lﬁ%&g, o ffbé,lcélﬁcggles full

urt her enbodi“nen an async
. threads. be. paused_(.e. g., ere a control
with ?%;rg‘e‘ggll“{‘ %‘Fn%“‘f’g°‘ﬁ‘§‘g§8-?%@€%doévf gﬁ@oghgp?r&ﬁ P dpvolve other reasons
-..[.004 Fol |l ow ng_the triggering of the thread
for S‘%)Sgé‘?%g%ﬂ SE¥: ?I?leé(ﬁhrieﬁ&[ﬁ% eX43aplas giyen harein geaiatended to serve
rocess 1018 faqr suspendj ng, or pausing, individual
as e"g%‘%}%&ﬁ F‘B‘n}f8é§n?rﬁ? ealy- %érfaﬁg%r%nb%h@é@f@ AR pexdichronPhGhread may
re‘flqglig-ﬁgco q?nce with an exenpl ary enbodi nent. In
iRt Ak HEEad Rapagsedipbavherst contohthrpsdsfoemula is detected by the
invention, the flowhart depicted in FIG 10B shows
asynghgonqusthread). of f of operations between the two threads.

|.n_anpot her enbodi nent, the threads may operate
[0048]; Fplloning Sasirigeening of thewbivad ppeefibnt descrihednEFIGL DA sbove, a

i nt ended
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 FIG.
10B shows the passing off of operations between the two threads. In another embodiment,
the threads may operate ﬁmultaneously. The flowchart depicted in FIG. 10B is intended
to serve as an exemplairy embodiment only and in no way should be construed as limiting
the operations of the threads. Turning to FIG. 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



to serve as an exenplary enbodi nent only and in no way
shoul d be construed as |imting the operations of the
woOhowadsi42Turning to FIG 10B, as di scussed abeeeusa007/011189

thread may suspend its operations if it detects that

it has reached the end of a dependency level. In

anot her enbodi nent, the thread nay pause its

operations if it detects that its queue, or buffer, is

full. Thus, fromstart operatida on 1020, flow proceeds
whichQieftRfiesOPRIRSH L enbA AU eRISRY $6v8l RESHANGERGTea2tY &H@lher the

of a dependency |evel has been reached, or whether th
buffQubf Fercalfc%%n%(%‘ﬁ' 5 B9 Guey épérﬁtuﬁﬂlh*)% aéteﬂﬁ; bY/that an end of 2

operatlon 024 determ nes that an end ependency
depe!n& O}Q?egl hﬁghoﬁﬁl%ﬁ I%?\:[qlo \t/iv %gg ;Sipag éﬁ{@eu% tfS’r t‘?a‘dte{fﬁed‘d% bR, flow
passgs\?lg at e %ﬁ% %ﬂ‘ Wf"? lﬁg' cthq e ca @& tp %I%%F] Ciehfaie ENTs and
1tera81c% c&laaﬁl%glg gn gé %ﬁ%@{%&} %@é%zﬁéedg%og{ewﬂ Jetermines

ac hed for t ha

ety 5, rug o€ *SRbeAf P 5 cFhan Siemrie e B B ety S that thread

m@eﬁ{»ﬁz»*sg%aswﬁqs@gﬁé&fcm@g@%sﬁ%é%s;*ssﬁ;f%&%aféou%%?
tions, recal c gi ne VVI|| anong_ot her

operfilg(?,}'bfll caﬁgentagter S}%E ol fhread, Hior ispenslingifs own

If the counter 906 has a val ue greater than "0,"
opersthrﬁr 2 %a}ﬁg{gubeewgb@p&{qglwher@n%tmqs; SeRRIRent the Mpr of control
when the value of the counter is "0," all threads are
thre %"&&e HEE cmates PORthas gy alire srepier hpn (P @dhreadnyst be operating, or
ri ggered. Upon decrenenting the control thread
still 6\661?& dloYeer Vhemthe ey plthe counter is 9P eallidueads as¢ sispended and
operation 1030, or, in other words, put into sleep
even§g@ of pentrol thf@ed 90% petriggersd. 1082 dbetemenitingshewbenthd thread
the control thread counter 906 is equal to "0." If the

courgenAliberecaRGngae il isauspended ilsléerd dmaratboran@30e or, YESthed words, put
trigger control thread event operation 908 at

into sleep atodon NE@B4ubscapsatien Ve2deterininés' whetectk edntrblathread
al | asynchronous threads are suspended. If the counter

cour@fi 0dde squrd tto Fia elfahs abwirerdf06 Kas'a VAo 0N ABRHrARHe® YES to
pass operation 1036, in which control is passed to

trigg?teg(a{tfbl enghdevain. og%@x@h@OElﬁgbg@aﬂfé)n PO B&ASsd DAL RS <07

, ps 1038 through 1048, which are anal ogous to those
indicitSaHAIChsFREMBnOGY thiQ@dhfe RIBPLIHRAH 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 simultancously. The



[0049] A process 1100 for iterating through a
calculation chain to determ ne necessary reordering
wand7iesdet ect control thread formulas, if anypPCraS2007/011189
shown in accordance with an enbodi nent of the present
di scl osure. As discussed above, the exenplary
enbodi nent of the present invention shown in FIG 11
depi cts the passing off of operations between the two
threads. In another enbodi mggt, the threads may
ﬂowc%%et lRpfeted iﬁel?q ¢ QR dhaedRE ELOVGD A LxdRPIA} &bbdintenGonly and

is inte to serve as an exenplary enbodi nent

inno G 4B PR B PEBSEAL ST 6 i

11, sto %ré)\%lt'ea:%i?)g li égés {.On‘?tizilter:]& E(I)If‘otv%g ftk?el Jr%,ﬁ%xglgg {}f&e&x&%’]m 6iﬂglch recalc

eacC recarc en omthe star
. ti 1102, th ti fl ds tq,th
cos T R 0 BB B8 0 M

) #1. Next, | [ H [ t d t .
SN BT RN ST L ——

al cul af ed .ENT val ue assi.gned through t hr ead- saf

caloul heR B N R CPEORE 08 8 i A G EAHE SrSufte troueh
ENT, the flow passes to query operatign 1112 '

the thgpdsafF ISR SREFaLREL O (o rﬁ@da%ﬁﬁc?éﬂgg}em the,dow
been reached, or whether the asynchronous thread's

passefiie ager(ydqpebquopelrl)l 2; whigh detenpines fheghsy thsy endef the dependency level
dependency level is detected, or if the asynchronous

has bep eegghed, guapsthes throasynaineaeus thrend’ s quaue (phlpuifer) is full. If the
asynchronous thread pauses its own operations in pause

end ctfpg‘r denendencyllgvel it datgatedodr if Hussasynelaapoysdtigad sgpeue is
pausing is present, the process 1100 proceeds to query

deteropaedtol tenfull] the ashictronedsahrdad gpsusdsatsivovn operationsinlpauss
a control thread fornmula. If a control thread fornula

operationdEtléc I€dond o DOthvedrr ierab egjuiirfg pamsopgas prasprty thie mocdst 1500
whi ch queues the control thread fornmula into a

proc&sip ad gherylopbiation 1an 4ouisidk deteanBies twhethed tHeyfoarhukiis f control
formulas. If query operation 1114 determ nes that the

threddforihia. iI8a b@itrél theal formilh ieddedted, flovabranbkes YESWo queue
branches NO to query operation 1120 whi ch det erm nes

operdiH 1EII5 Whieh fq@enad the cBnirdlehAnd ifeedda BNG al sspaapamdedi! or queue,
upon an uncal cul ated ENT. If the query operation 1120

consfEhHE bRy ESsubh #brrhigs. f BqidhPopetatffPENAeiertRAES @Bt the formula is
uncal cul ated ENT, flow branches YES to queue 1 in

not £REERY hﬁ@adltgoggaulél,"‘&?é’neﬁ&v%ches 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 1 11_8 and/or 1122, process 1100 proceeds

to operation 1124, in which the operations are passed to recalc engine #2. The second



dependent and supporting fornulas are placed in the
proper queue. |If query operation 1120 determ nes that
woOher7iiesmaml a i s not dependent on an uncal cul at edT/ENI007/011189
fl ow branches NO to evaluate the fornmula at operation
1118 which returns a value. [0050] Follow ng eval uate
and queue operations 1118 and/or 1122, process 1100
proceeds to operation 1124, in which the operations
are passed to recal c engine ¥2. The secondrecal c
recalg fgeie nseioros seps EPsthrodgh 1 20 wdichldrd 2naléBbedkothSse discussed
anal ogous to those discussed above in reference to
above dg sefereang tawecalc Engipert operaichi 0404 Breugh 1 124, [ 0051]
Turning now to FIG 12, process 1200 involving control
[0051 hT eeminppew 4o FiGs12,qrocess 200 invaIvine c@td hidhi Bge%H%Qfor
into a unified, reordered chain is shown in accordance
reordgrinks tamcalatletionrelntin dto taheified; $edtelel WBRMIi9 Bhovth A fecordance
_hopegr%tehon 1igih|;m£;jtlated Iré response to a trigger
with gfi e foertrodithd ixentibn. Bf ratds :
1202, the flow proceeds to rediagg?%éggge%g%lg%ﬁlﬁ%g,mreSponse

to a tmiggatvfithel copttalbrehlevas! | Broff stﬁﬂa%g’ﬁﬁgigﬁ‘qﬁaf ec&eé g]ggv proceeds to

Fol | ow ng redi spl ay operation 12 rocess

redisplag opegisioh q 2086 Nich REdigih Ahl 281 ?ﬁfg% %Brgegég{eg} in cFollowing

whet her there are any entries in

redisplag @pera€ivgi1nes, prbéesd 400y pRRJEA! (ol ed? 94 det er i nes.
that such entries do ex?(t %F o{vov R gﬂ”‘g""ﬁ“’h

deteri® s GtictRRSh &t . 6 (.operation 1210. )
° “der ¢ & awﬁ%‘i%’?‘“gﬁg‘ %‘%@58‘%% ?43*‘?83{3 |SREeRt & query

reorders the depe
operatibh| 1804 ladieRsin¥s iy Ll gd chain. Once this
elefits ol Rufh, ki ' 5550 it Piices S to reorder

reordering is conple )

- ! , 1 d de. If child
p raSivgh SUON R%oflﬂté?@&fauém{zf@ Igleoircieg f}rm?gciefnglggqng a%éwgﬁr@mé t@qr;mulas

re made, necessar

into cAfl@ichai 11 the dependency | evel contai ning
e oS ealﬁg&%}ﬁﬁﬁ ?grg @edcﬁlgf'h s.&rl 'ﬂgl‘eplfdegnsm sempleted, query

| e, flow branches YES to reset
opera O 1t B SRt =P CBIESE eeme Mol chadh rowessamade, it i
alc engines so_as to start the beginning of
necesﬁ%:f e%ggﬁfgcn%%er &eio 283 Ain thronghithe dependenmyels sel kdAfiining
o s to wake operation 1230, which triggers the
those HER'e sgfo ‘i?’ﬁglsagli}’r‘féhﬁf 8r51ld or Khiddrgn weTh gmdes fiove demches YES to
Upon

erfor ecal ¢ operations on the reordered chain.
reset (S)relr%[boé‘rrq j{?g‘}’ Pihieh1gsets thedngdicag snd poisteroof thelreddt emigines so as to

ends its own operations in sleep operation 1232.
tart nni .
§ tl%eugggl ng of that dependency level again. From there, process 1200 proceeds to

wake operation 1230, wl}ich 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



[0052] If query operation 1218 determ nes that no

children were made in the reordering, the entry or
wenuoriiesi4en t he queues nust have been noved t oPCHAISH@®IN11189

dependency | evel as represented by operation 1220. |If

no children were made, it is not necessary to recalc

the ENTs within the current dependency |evel. |nstead,

the indices and pointers of the asynchronous threads,

as well as the control indexamf the asynchronous

reset&%ﬁg%ﬁ%g#?}%%l f{e)g t;lfet né.'z_clrﬂ gﬁeﬁd&ﬁg%ﬂ Fovh 48 HBEeddi®o §B&ly operation

en - proceeds to query

122621%%{6?%13{3% %éxéﬁxe% ‘auegg rmyrb%flﬁlg%d fgﬁﬁﬁﬁs M e t dffp.endency

ormulas rn € next ependency | eve

levefcfﬁgﬁﬁgﬁryy cm,]oepgt{oat #% %&'g’lllqgsttﬁgtgﬁl%%%é ggﬁtrch folefid ?(Frﬁlul?s’ in the next

0] rea ormulfas 1 n . ependency _eve
s B TR G Y5 PR S-SR 325" e cone
one D SRR AL o S e S B EE B Fpoces

triggers the events of the asynchronous, threads_ and

wake pgyneheqnous shigadseperation 30, W}Q geFs ke gyeaiy elstag asynchronous
above. If query operation 1226 determ nes that there )

threagseand ghe §ighs ﬂ%%?ramdaém w5 Rreseatrdiasdlisgasied apgre I query operation
operation 1230, and process 1200 proceeds through .

122¢ detggnines tha there aupngsuch; ferpyelas dloyy braachesg§@Fp wake operation
query operation 1204 determ nes that there are no

123@randipsacysp 128@ prasesdctheenehistepsti2d (apd 4 3% as disenssed above.
query operation 1206, which determ nes whet her there

{00533 Taqeanitopstationy 1@48d detsrmines that there ar¢ nk enfries én thefreedlequeues,
control thread 902. As di scussed above, a contro

flowt braeettes N rtolgaerysoperdtemni A0, which deteinibes whethersthert iby control
the control thread, as opposed to by one of the

thread foratul oioths linked didsof thé cantedrthiread 9021 Aadiifomssadl #boke,sa control
been queued, flow branches YES to nove operation 1212,

threhd foruddist Do hat mubl RaelahotebythescofB¥Ethréd, hd6pposed to by
next dependency |level in the unified chain. By noving

one @ Md @hynélronaes hoddi] #6a Eshtrdl BRvad RRBRMIEREIbdeR \Bkued, flow
i medi ately follow ng the current dependency | evel,

brad®hbd YESNOGAGVOSRGEEST 181 NTRY whiihithD UEnteSISRichE f6ieu1R 8eMoved to
to evaluate a control thread fornula. From nove

the ABRRpéRIEnd ¢ Iedvel 1 QW RERGEAAH. By BiR¥idg SRRFAIRRd Edhfhlas to a
whi ch det erm nes whether there are any other contro

new: ﬁpggtgerfc?ﬁ%l a8mddiatt BEbBo R AL BEfreAURPEMMEY i, 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.



formul as, flow branches YES to query operation 1206
and the above steps are repeated. If query operation
wo20@/detder m nes that there are no other contreCTiUse®@adi1189

formul as, flow branches NOto reset operation 1222,
whi ch resets the indices and pointers of the
asynchronous threads (and the correspondi ng contro
i ndex of the control thread) to the next dependency
| evel . [0054] Before the contol thread suspends its

[0054) feel tRASontrd] thidallsusiRings 1th pratibret hefirst daeeniaeewhetier there
control thread fornulas in the next dependency | evel

are arly col@! YhrOREfcH 4y ih4RSnexa ddpfidefes vl ichedperation 1226, and
proceeds through steps 1226 t hrough 1232 as di scussed

proce@D PX® thkA Pacvbelis 1RSI s1RET A6 tRFbukB 4639 ek aikifnes abbas.

there are no control thread fornulas, flow branches NO

[oossg glf ﬁ\t?%?top%%fo%t 1298 deferteinddth&néR 84 So LoRrdindicat Fomdlas, flow

s 'for the next dependency |evel, and process

S
OB A LA s o e

' I i f I
depofly Ko AL Ta0 Y bl MRl )RR pr e
& curggn%edependency level, FIG 13 illustrates a
ISCIllsséséiicgl'representation 1300 of this novenent. FIG 13

depe cy .l l 302 nd n

roos R Hs FEPR 126R a8 1S 1 17 e AR TR by e
#2. Further, control .thread foryyla. "CI" (1308) is

formi s et SrsafaCove dparediatalS B Bingdhe chg P erkidesgy tevel
and._.chain 1306 As di scus .all ow t he t.r,0

FIG. ARSI Poeis e RgPn AR ab tubry kb S8 T3Fhows
enbodi ment,_of _the present inyentjon es,t ol .

depepdamgn deved il 3020308 deporracy Jeigbte (D) Shth ﬁg R idgeed in
thread queue. Then, when the control {hread is .

dependangy devsd #an & ustbet; seutreldhrgad fomrulp & To {4 3 3%) 15 slhown ip
reordering, the control thread noves the contro

dependangy devied %Malao beusing shrigd30n aad chaind8p).i Afrdiscusssfyio allow the
follow ng the current one. The exenplary enbodi nent of

contipl thread3tot enrarsmsrol-lereabanlbydormilegcap srabediment ghhe present
bei ng noved (1320) to dependency |evel #2 (1316) and

invention mepesthie coptrokthedadHfousilad 308 tathw lbdked dist ofthespniral thread

dependency | evel #3
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

(131 8). 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).



(1318). Only one control thread formula is shown in

this enbodi nent. I n another enbodi nent, nultiple
woani7ries74e hr ead formul as coul d be noved to t hePa&ws2007/011189

dependency | evel 1316. Alternatively, each contro

thread formula could be noved to its own new

dependency | evel follow ng dependency |level # 1 (1314)

and | ocated before dependency |evel #3 (1318).[0057]

In enbodi nents, control thre2d formulas are noved to

[0057'11 qn REWHodHERRE d80E¥! vl foRRERYSR hbFCRTthE Abxt dupeadency level
be the thread working at the end of a dependency

becAb ¥ 9{3 co%ﬁfopﬁﬁeéd WHOBE BRI WG GROsR $1H @pdadérty level.

egin evaluations in the next dependency level, the

B efgr%% %gérﬁgt#xg @%{ngggoéo'u% $Sthred& B ﬁleemheﬂ it @1% rn%x@&ﬁ)endency

n or mul as th need to be execut

levr;g, dhe oo ﬁﬁt lLtiénleegg %Hl) Rt (AR {ﬂﬂmﬂétﬁ&otﬂér d%é ﬁ@}déontl\@vchfégd Formulas

rnula 0 a separate pendency | evel
o e e AT SR B B o
thfeﬁﬁ LPRISTbs somiarE depdchiy Rat Bl BF nih: s?f%‘?‘@ﬁﬁeﬁsmg to
e EERADE L5 B B R AR ol et i

ble d I di
1 B RE ALSBERSEDt o5k FrohPEarho R OBEL FERL
i s b Ak e B T L B B

reference calculations (i.e., those cal cul ations
nungfess of gech pessidie depagnd %Wekyelw thin the nulti-thread
processing of a unified cal culation chain. Spreadsheet
[00380Ansnthedipent| of th¢ preseriigreninyas legicpHy geraesenigdeindiGe 14A,
contingencies. In other words, the fornmula in cell Al
furthsr albpenfbe atspraadshot8 appiitatinn m@pémﬁm@ssmp@hémes to perform
formula A2, which, in turn, is dependent upon Al
circul@atferente catn:hl/aeiohh i(ise.,c:ﬂhbsmd:aaculaﬁxﬁrrsrcbpmeiqnt opdme machagther) within
enbodi ment of the present invention allows for the
theGhul€itthfvad pedaksing of aeified ealdidaticakemnin uSprefidsheet 1402 shows cells
di sconnected from the unified chain and placed in a
AlshiogkR AChwitA ciralilat befbiente contihgendies: alncothérawvords thedotmula in cell
child chai ns or dependency |evels, for calculating

A1Us d8gendest uiPneA 3, Avkiah is Q¥gehdént3ipbe liee 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.



chain cal cul ation, as opposed to a unified one

i nvolving child rel ati onshi ps and/ or dependency
woevwligs74an iterative function rmay performiteprParivgeo07/011189

cal cul ati ons upon the chain to converge on a fina

value. IterativeCalc 1410 is an exanple of such a

function; however, any type of iterative function for

cal cul ating circul ar dependencies nay be used in

accordance wi th enbodi nents 26f the present

[0059]”17@ Bicaf ngg@%haﬂpca@&ﬁﬁﬁcﬁl Rr fePgive cﬁBﬁ‘!aPc‘?xﬁ{S)ﬁﬂd{iéﬁ,i 88 cells are

for iterative circular corrputatlon he ce are

first Iglhée?it in? %HE% éafbu?altﬁ)hr&%@as eg%‘é | aGRBL Q:)Aasét? pn their entry

di scusse ove on therr entry nto
o GESERAAUEELL AP o0t fha BB U e
detertfifE @fhor B mfu%he,g;%w%& %,{égaéﬁge%?a&ag NG Rolilifz §08h the chain,
A3 1sa(§ete€ljnﬂgg& b€ agpeﬁlﬂﬁg ug?nrfimvcf" % t?snﬁﬁn Lg %%ﬁm%& removed

écone a Stpport |ng

from(éﬁe Calgf)ﬁalﬂf%%g%? %u%o%? A%ad gésu.plpﬁrt% @Aézage mng gown
o PR 6 Afpt st A S0 i

osjtion of t akes A3 wit novi_ng domm
Progtess,; PP veq fmn%m calgehain 1404 BhthF Gh’éé P@%}Pﬁ of sepporting
w% er, it_is found t hat Al depends on A3 such that
f°fmt1 e% fymoving 44 ta fherbiidmesitiop afdthiA? takes A3 witlps. Next, moving
marked as "In Progress,” and rempoved fromthe calc
dOWIbﬂmHh 1400 AdsAQ ip é@@nptedm be pyalugiad. Rowaver, jow found that A1
npl et el y di sconnect ed fromthe cal c chain 1404 as
depe%mAﬁ rfuch éhat dnre iy 2eiraier depeudmaicy Tdantidtedae 1406, Afhds marked
process of iterating through the chain, A, A2 and A3
as “InPrograws” d renpved Secan tieoradechadmd 494. Ap eresuly AdhiA?gand A3 are
iterating through the chain, Al, A2 and A3 will still
now pempietd g discontisated frogrtbes silc chaidi I40¢.as Ishown dhe thet reordered chain
process these itens, the system keeps track of every
1406f drhendfard, mathe prooesd of fteraking throfigla et dhain, {20, Y @ndIAB iwil not be
the course of the current recal cul ati on process. Next,

procaskéd. t @endequently] sipbh @inisheieiterates thbhgl e clbin Ad, AReind A3 will
process are checked to see if any of themare stil

still Weankakddas “th Pidgreds’ of Girtyl. Matori @116\ Prcedf thedd lieME, t'hte §ystem keeps
children are noved to a flat calc chain 1408, i.e
trackGleveSNIrMuld thaOitmadd d child$¥ #Sther 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.



or dependency |levels. This flat calc chain, shown in

FIG 14A at 1408, is then calculated using a single
woOhowads74bf during the singl ed-threaded cal cul atTms200a/011189

true circular reference is detected, the calculation

may be done iteratively, e.g., by iterative

cal cul ation function 1410.[0060] Turning now to FIG

14B, process 141 1 for reordering a calc chain into a

flat calc chain for possible&4ircular reference

[0060F Te&iihg Roantd FIGAIYB] prRBedss 43 D Gy rebitleditig Of AN E1iNiritH a flat calc
an enbodi nent of the present invention. Start

chaif® B pdlshiBle difchdar refdrétidel dte@dot! B evdl @Rt sBbWA lif aéRk&ance with
chain 1404. Fromstart operation 1412, the flow

an eRbOGRRMT of thestesd alvehtign $dibpatitioh 1990 Ss tfiaikh ru?Bn creating
formula in calc chain 1404. Eval uate operation 1416

. i . r i .

ok S5 A e, b B o 01
. pﬁ S ) [ . Il E l

Whl&slﬂ g por t%:fﬁ‘gt .or nu igl, Cﬂ}ﬁf %Wnﬁlf‘{a(%é he Saﬂgé%oﬁ%r%ﬁ{nlégﬁpé th%n evaluates

tis SRERAL Qlorf e B 1418 b s PG b AR 4 oo

f [ hi | d. of ing f I fl
o S P00t o s ves
T s TR . —

br anches S.to get operation 1414 which ves to the
by O e RIS Sorfla MRS D48 FUPRAFHEE P oo™ Pranchies NO to
there are ot.her forpulas, flow branches NO to get )
query SRETASaN g T hich etermings Whether thers als anyothe\fexmulag in cale chain
first (or, next%@fornula whi ch has been kept track of
1404 fog proqesting o Hethsrs Fg more dormngas, flogilesapchnsef BS togetopermtion 1414
.determ nes whether the retrieved tracked fornula is
whichy ppyesigrthe gexisfognplayin cple chaja 1404 for evaleation. |If these fwscho other
as dirty, flow branches YES to flat calc chain
formgubasy Howdirandes NQHd ght tratlsd foraooperhtiom hd2 4 [Whicl réttisves the
children to a flat calc chain as shown in flat calc
first (oranext)1fodulawbivhdias heérokapt traxle 0P Franmytraokossirakoi 14%0. Next,
the present invention. If query operation 1426
quergi@perationdsi26 lirtertiigest wiatherdhé tetrieMed tikad foratiild ks still marked as
dirty, flow branches NO to query operation 1430 which
dirtyd df ¢henfonmslansetitienarkhé nediatye flamybraiidies YES todlascaW itk
have been tracked (or marked as "In Progress"). If
operttien 428, eviithaddd thedseaulh anduil as its thiddven 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



branches YES to get first/next tracked fornula
operation 1424 and steps 1426 through 1430 are

woepwausd2 | f query operation 1430 determ nes PO&AWS2007/011189
there are no other tracked fornulas, flow branches NO
to return operation 1432. Once a flat calc chain is
created through process 141 1, this flat calc chain
(as created in step 1428 and shown as flat cal cchain
1408) may be cal cul ated usimzp a single thread. If

chaifl 1408)dn4Be SA1BElaRdt [N EA4 ﬁﬂgfé%x‘éad.alitdlﬁ‘ﬁlggthé SHlghd-threaded calc, a
reference is detected, the fornulas nay be calcul at ed

; ; o hi. 1 ( - _
true bir&i18¢ de¥e&boe 1¥\Eb{e%te(‘l, the tﬁﬁﬁﬁlﬁé‘ﬂla&%@@dﬁgﬁa‘c&f ﬁc% ggiv%lgh tWhlle the

Progress” has been used in this exenplary e

traclérirlgé; ﬁag%?a&e&fﬁrlh ?gg%'eé:é’ s 144 usegq}f tiig %ﬁ%ﬂ%ﬁlgﬁ% Slglﬁjﬁé%rf]l{lés}lg (and in

sm may sed I n accordance w

e e St P i A ARl b rcance
WﬁhQ&ﬂﬁﬁﬂthgé?ﬁ&hﬁgﬁgﬁ%ngggbﬁpIenented. A conput er

system as a east one processor 1502,

t r | ¢ engine.1518 0 iting thereon
0063 #1631 ARRbplREn SRR for SOpRTme2SGeRR 5 haffIpepeB prosent
. 1n which a spreadsheet applicatio 20.1g Jocated, In
imvebflo oS e JubRrmaHE B i B SO GRL Eng bu B LG0hone
il uﬁ@ﬁt eq i {1 FIG 15 by d.asqgij i ne. 1506. . .
PTOCEAF £7¥maPP 7t legisnsinesdle sowag 1af & arerating therepm it showa in FIG. 2.
storagg érennvable and/ or nqn-renovablez inplqding .
The gygtera dPOP inat £ SRRy 1agntrvhich seyserthset apnlication 1p2( s located.
.Such additional storage is illustrated in FIG 15 by
In ity most RasicecoaifighErjiony soroputing fistem AN istllusteated syBIQ.5lbdby dashed
. Conputer storage nedia includes volatile and
line %(55 ofdditiogally.sysigabl W0may alsn incduds adslittonnd giogage (removable
i npl erented in any nmethod or technol ogy for storage of
and/praQst-ramg e le) dedludingc butmet dmited dolabhgneticsir opticalatisks or tape.
data structures, program nodul es or other data. Menory
Such gilitionad giovagd ie iBussraterbinFIG8 14 by ramovatdasioningel SA80araigen-
1510 are all exanples of conputer storage nedia.
rema@ahpruitenage fl 6t g€ onmgulitar staregambedia ibeltidéssvalatilel andinioadolatile,
to, RAM ROM EEPROM flash nenory or other nenory
remaévablenaidompn-reGRR@M e wiediiatimiplenssnsat inl ydhatksd oPWehnelogy for
ot her optical storage, nagnetic cassettes, magnetic ,
stordga[ed infongatsn sucti Slkcopippnageadibleinb@lictivhg\@ith streétafed gfogram
devi ces, or any other medi um whi ch
modules or other data. Memory 1504, removable storage 1508 and non-removable storage

1510 are all examples of computer storage media. Computer storage media iﬁcludes, but
is not limited to, RAM, ’ROM, EEPROM, flash memory or other memoi'y 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
caﬁ 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



can be used to store the desired spreadsheet

calculation information, for exanple, and which can be
weaceewsged2 by system 1500. Any such conputer steCcags2007/011189

nmedi a may be part of system 1500. Dependi ng on the

configuration and type of conputing device, nenory

1504 may be volatile, non- volatile or sone

conmbi nation of the two. Communicati onmedia typically

enbodi es conputer readable iZstructi ons, data

med St By 8fboR{c3 8bAPu IR e @B1eGhstAldidhs, WtAsthit nies, program
nodul ated data signal such as a carrier wave or other

modﬁfe@rﬂﬁ‘ B dH&QH%r}hééﬁl'ét%ﬂ dh{a%gm Sud % d QAETHEYOFr other transport

delivery nedia. term "nodul ated data signal® neans

mecfi‘a:ﬂérﬂ %11 ntuhﬁ& dstlﬁlﬁ/ 18&)‘?%19.{10%51%% dddfa. CRRY %&he{ﬂ&ﬁlllﬁéd data

set or change such a manner”as to enco

sign lnfr&%a%?ta' s?ﬁlall Bhdt HSS gﬁﬁiql onbrrfce 1¥¥%a9 cte ‘gfgﬂg}) ée‘% or %ﬁg}_ﬁéﬁ in such a

oo BB 5P RGBT S0 5151 SRS R on
SR SRR S

con AT O TCOTASELh BRSPS 19 dRarel PR Riiehev reless media.
o T 8] B 55 i s oo comprc

spr eadgsheet 400 in accordance with an enbodi ment of

‘Ead? IP &ntion, system 1500 may have input device(s)

such_as a keyboard, nouse, pen, voice

lﬂﬂq%\ﬁyé@m Hfray ﬁbﬁ@tcoaéam gemnpmicationg W@é@%@gt%lﬂ that glow the
such as a display, speakers, printer, etc. may al so be

devicp e crmamunioatewith fothay devisesi Aééltwayllzb o ippayd contedt ) the cells of
t he spreadsheet 400 to the user in accordance with

spreadghget 4hinsacgbrdahee pithswrembadireenti afithe Mivientén,tsiystsm 1500 may
devices are well known in the art and need not be

havelinputidsdde(a) 13 kngich aberkeybdH058putdapemg oikesiopibdayitedyéouch input
enbodi ments of the present disclosure with reference

device, dthe Oukmurdesica(zd 816 suchsdsaudisplbe, sppiitess ipainget, etoaimay also be
numer ous nodifications my be made to the present

inchdnde v whicht suah devicks magdieluged todiepihy thedpseddshsett400 to the user in
those skilled in the art and which are enconpassed

accoMtl fdenwith embo e af hpiprédenDinvEdton. WR BF ke degictosRavell
and as defined in

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 in\;ention 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.



t he appended clains. |Indeed, while a presently

preferred enbodi nent has been descri bed for purposes
wohoda7ni4si4eli scl osure, various changes and nodi f PCRNISLM3/011189

may be made which are well within the scope of the

present invention.[0064] Simlarly, although this

di scl osure has used | anguage specific to structura

features, nethodol ogical acts, and conputer-readabl e

medi a contai ning such acts, 2% is to be understood

[006.Id; §Imﬁ$}§‘?résa&'t§&bﬁ flifs%sﬁ—‘é T o8skd 1Bnfit@e 3PRRNE 8slstel RinaB features,

not cessa Imted to the specific structure,
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ures acts descrlbed above are

undeg%sg(i&?ﬁ%re S ?F;ga 5\;&)% rg?a C Ieﬁgg@ l'éa{\}gs srﬂ%t Cfllf:@és%ly limited
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processors an
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I TN S ST

are_wthin the ope a of . t he ese .
claithfy, EPR PETPISHERE Bf')%f“?ﬂeengw&a have e IR RE b 5“‘1 Lfigouspd in
medi a are di sc| osed as ex enbodi ment .
s ST ERY PRYCHRESES 47 ORTPRL S DRICCOREM e Aofferls cngines
defi ned t he appended ¢lainms. Cains WHAT. IS CLAI MED
couldde used AC%@t%lPdo‘fl the #¢ #al rergenige pfrsr enphpdiments or improvements
spreadsheet program (1520, 500), conprising rin
that apewithinie £60phans! i} ofghe PSP iNUENTOR- &%‘&F‘#O’(%gt? Spe%ﬁc
626); attenpting to evaluate a first fornula_in
strugfiurgy letscer wafiatare diselesechay semPlgyEmbadimenis of ilmglcementmg the
formula i s dependent upon a supporting formula in the
claimied gineentiah c (Thetireentiohds defined\liyrige ehperided $laimgr nul a t o
a child position of the supporting fornula (604, 630,
634); and continuing to order all forrmulas in the
single cal culation chain until each dependent fornula

has been nade a child of its respective supporting
fornmula and a




unified chain with one or nore child chains of
formulas results (602, 604, 644). 2. The nethod as
wdebiesi4en claim 1, the nethod further conpri BCHES2007/011189
dividing the unified chain (602, 604) into a plurality
of dependency |evels (618, 620), wherein each
dependency | evel includes fornulas (608, 610, 612,
642, 640) that are dependent only upon fornulas froma
prior dependency |evel (618pgor upon fornmulas wthin
their own child chains (6Q8,ifd0, 640, 642). 3. The
nmet hod as defined in clainfmZ, Wherein a dependent
formula (612) is noved to the next dependency |evel if
it.is achild of a first supporting formula (610) and

isvﬂﬁ?? t uncal cul ated second supporting
fornulaqug§§ﬁggg{ﬁﬁ

642). 4. The nethod as defined in

L1 20 AR P BB o AR Bl s 500

the first and second dependent formnulas are noved to
CompEEext dependency |evel (638, 640).5. A conputer

program pyoduc 1508, ,1520). readabl e by.a.c ug.er

Dy oo pRisSiE the s i1 SRBE GRS OaT SR8 GBI 20

i nstructions executable by the conputer systemt.o )

per f or nPH$TEPHRS mvailfat%f*g‘ﬁr%f&rfmé? hiheeinelf cBICH PR ghain (500,

nmul ti pl e processors to calculate fornulas in a
628)spr eadsheet program (200, 1000), conpri sing:

determ ni ng the nunber of processors (206); allocating

a recal Huhafrgforpulaie depsndentiipep dcupRetingfognula in the single

mai ntai ning a control thread to synchronize the
calcyjptiedwimgnoying Hae first Srowlato wib{@psit&n ¢fitho sypporting formula
: ordering the fornulas into a single calculation chain
(604( 3D 634ReENd attenpting to evaluate a first fornula in

the single calculation chain with the first

r ecal cukettimnng tgorder 4l @ muB28in thd 8idgte dalculéteont ¢hagt until each

fornmula i s dependent upon a first supporting formnula,
depenmstitiformbiiie has been made a child of its respective supporting formula and a

=

unified chain with one or more child chains of formulas results (602, 604, 644).

2. The method as defined in claim 1, the method further comprising;:

dividing the unified chain (602, 604) into a plurality of dependency levels

(618, 620), wherein each dependency level includes formulas (608, 610, 612, 642, 640)
that are dependent only upon formulas from a prior dependency level (618) or upon
formulas within their own child chains (608, 610, 640, 642).

3. The method as defined in claim 2, wherein a dependent formula (612) is

| moved to the next dependency level if it is a child of a first supporting formula (610) and

is dependent upon an uncalculated second supporting formula (608, 636, 642).

4, The method as defined in claim 2, wherein a supporting formula has a first
dependent formula and a second dependent formula and the first and second dependent

formulas are moved to the next dependency level (638, 640).



first dependent fornmula and the first supporting

formula to a queue for the first recal cul ati on engi ne
wWO20G/14836, 1122); attenpting to eval uate a seeamas2007/011189

formula in the single calculation chain with the

second recal cul ation engine (708, 1124, 1138); if the

second formula i s dependent upon a second supporting

formul a, nmoving the second dependent forrmula and the

second supporting fornula tgoa queue for the second

recal cul @Bfngﬁte? B AEm (S Quct 11568, 132¢)Peaddu§ 9'&5}1{%}‘&&? @ystem

to iterate down the single calculati'on chaln unti

s W5 BByt o
systerhfh PRG0S PLIALAG FIR!¥i N0 the queues of each
re

culation engine tor ‘reordering (1122, 1140),
rein,the first .dependent fornul a i de. a child of
P 1 ravmdnad b being BRI Pt B TR o uh it
endent fz%ﬂﬁhﬁ &s made a child of the second
sprea ﬁ%ﬁb?’i"ﬁ?@n Q0) PPPPTIEHE: 630, 634). 8. The met hod
as defiged i.n, Clrﬁi m 7, wherein the cond supporting
f or mul adgtermiping the quhey ot Byecessensi @z uppor t i ng
fornmul a $804 . 9. The pethod as defined in claimé®,
wher ei neli9s8URS P FerdlqulptaneIneinsig gre BIOCRTSOF (EDP); r st
formula i s dependent upon a first supporting fornula,
mar ki ngmgHdaipings copiied E‘H@‘H’c torsypRiERIZE dhk s eEsing RE be
it (1420); determning if the first supporting formnula

recalguaipapenegdasst (109 the first dependent formula (1414,
1418); if the first supporting fornula is degendent

upon t herderips thejfopanise intofasingle salopiatinn haind00, 626);
supporting fornula to keep track of it (1420); upon
fi ni shi atemptirgto avgluate afiti formuils imile singlé caltulatiom chain with
chain, retrieving the tracked formul as (1422, 1424);
the first recalculation engine (708, 628, 1120);
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 (706, 636, 1122);
attempting to evaluate a second formula in the single calculation chain with
the second recalculation engine (708, 1124, 1138);
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 (710, 1138, 1140); and
continuing to iterate down the single calculation chain until reaching the
end of the chain (708, 706, 710, 1142, 644).
7. The method as defined in claim 6, the method further comprising;

emptying the queues of each recalculation engine for reordering (1122,

1140), wherein the first dependent formula is made a child of the first supporting formula



determining if any of the tracked fornmulas are dirty
(1426); if any of the tracked fornulas are dirty,
wounvingsihe tracked fornmula and its child or chCcrasem7/011189

to a flat calculation chain wi thout any child chains

or dependency |evels (1428); and calculating the flat

cal culation chain using a single thread (1432). 10.

The nmet hod of claim®6, wherein the nmethod further
conprises: determ ning whethgr the first dependent

formula is d ndent on..an ;
and s fe EppERERPIeppBRER ! SifigRieitle S8RARYpporting
fir e n ormul a i s dependent upon the first
f°m§ﬂ3§8@%’?§%ﬁgg?§r$§u‘t{)‘a and dependent upon the uncal cul at ed
second porii l.a,, moving the fir .
F ol =116 naptbe o S B AR e e bR B BORG formmuta s
. .620, 636, 642). 11, 'Ié'he @Etg(g‘ﬂpas defined in claim®6,
itselfigehild; of 4 thirdupRering fempwp ( r.i ses: determ ni ng
whet her the first supparting fornula has bot irst . .
dePendedhemsthod as defiped g é@g‘ﬁcﬁ’ a‘a%é‘?’rﬂ E&Fﬁ mF@PH‘JﬁﬁL?r COMPILSES:
1132, 638); and if the first supporé}i ng formula ha .
both a ff thetfirsicdoanulads dersndemtPoRP S&%@&ﬁ&l%@@ﬁ'&%ﬂfnamg
formula, noving the first and second dependent
the firsirdependent Jomnwla pakegpdraskpditdde))s| evel (612, 620,
638, 640). 12. The nethod as defined in claim§6,
wher ei n debermiming dtthe dicstisupparng fomewla iidensndeniupgn the first
whet her there are any fornmulas in the cal cul ation
depentiaitrfotmulag1pt4.fldklBkd by the control thread only
(1206); and noving a control-thread-only fornula to a

separ at df tepfisteppyrtirgvermlbid 2ypentignt Tiva the fingsdlependent
defined in claim6 wherein a control -thread-only

fornfuld, AdrRin gsthedirsicbuppordind dpende he kedpetvadk ofiih€ldiZ8)sel y
following a current dependency |level ( 1130). 14. The
met hod agoaefinisidtyg iteratihgitiifotgh Weesingla chloalationehdin, retrieving the

operations of a first

tracked formulas (1422, 1424);

determining if any of the tracked formulas are dirty (1426);

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
(1428); and

calculating the flat calculation chain using a single thread (1432).

10. The method of claim 6, wherein the method further comprises:

determining whether the first dependent formula is dependent upon an
uncalculated second supporting formula (802, 804, 612, 636); 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 (610, 612, 618, 620, 636, 642).

11. The method as defined in claim 6, wherein the method further comprises:



recal cul ati on engi ne are suspended when the thread

reaches the end of a dependency |level (1132, 1134).
wa30077iag74pet hod as defined in claim6, wherei nPCIAIS2007/011189

thread operations of a first recal cul ati on engi ne are

suspended when the first recal cul ati on engi ne's queue

is filled (1132, 1134). 16. The nethod as defined in

claim®6, wherein a control-thread-only formula is

pl aced in a queue for such B8prnulas. (1 132, 1130).

17. A conntifin L RSha ™o e léﬁé%cl(rg:ﬁg Sorminlg Bhs HERIARIsBdependent

by a conputer system and tang enbodyi ng a program

ibnn@%é%%?%%o pér opﬁéghe ne%ﬁ%%”%?ﬂgfgﬂﬁPgFe&séyztﬁglhod
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app | oat i Suffci Bt o b hod ARAG PG ond a
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t he second supporting formula is uncal cul ated, noving
(121Dhe dependent fornula to a next dependency |evel (612,

642); and if the second supporting fornula is

calZul aThe mathod @ﬁa@qfﬁgdﬁm elatn ﬁew@grqin a control-thread-only formula is

moved to a dependency level immediately following a current dependency level (1130).

14. The method as defined in claim 6, wherein the thread operations of a first
recalculation engine are suspended when the thread reaches the end of a dependency level
(1132, 1134).

15. The method as defined in claim 6, wherein the thread operations of a first
recalculation engine are suspended when the first recalculation engine’s queue is filled-
(1132, 1134).

16. The method as defined in claim 6, wherein a control-thread-only formula is
placed i_n a queue for such formulas. (1132, 1130).

17. A computer program product (1508, 1520) readable by a computer system
and tangibly embodying a program of instructions executable by the computer system
(1500) to perform the method of claim 6.

18. A method of reordering a calculation chain in a spreadsheet application

through the use of dependency levels, comprising:



formula in the current dependency |evel (604, 632).

19. The nmethod of claim 18, wherein the nethod further
woaogri4sas: determning if the first supporti ngCrasmelaliigy

upon which a first dependent fornula depends al ready

has a second dependent formula as a child (630, 638);

and if the first supporting fornula already has a

child, then noving the first and second dependent

fornmulas to the next dependgpcy |evel (638, 640). 20.
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attempting to evaluate each formula in the second child chain (608, 628);

if a formula cannot be evaluated, determining if the formula is dependent
upon a first supporting formula in its own child chain and is dependent upon a second
supporting formula in another child chain within the same dependency level (612, 620,
630, 636);

determining if the second supporting formula is uncalculated (612, 620,
636);

if the second supporting formula is uncalculated, moving the dependent
formula to a next dependency level (612, 642); and

if the second supporting formula is calculated, evaluating the dependent
formula in the current dependency level (604, 63i).

19. The method of claim 18, wherein the method further comprises:

determining if the first supporting formula upon which a first dependent
formula depends already has a second dependent formula as a child (630, 638); and

if the first supporting formula already has a child, then moving the first and
second dependent formulas to the next dependency level (638, 640).

20. The method of claim 18, wherein the method further comprises:

determining if there are any control-thread-only formulas (1206); and

if there are control-thread-only formulas, moving these items to the next dependency level
(1206, 1212).



