MULTI - THREAD SPREADSHEET PROCESSI NG W TH DEPENDENCY
LEVELS Background [0001] The use of spreadsheet
applications for data anal ysis has becone preval ent.
Further, as nore and nore businesses depend upon these
appl i cations for conpl ex datalconputation t he need
for faster and nore efficient processing of these

14l FHREAD SBREADSHEEH PROGESSING WAL PEPENDENG LEVELS
is an exanpl e of such a spreadsheet application. It is
typical in spreadsheet applications for a fornmula in
one cell, referred to as Badkigpandlent” formula, to
depend upon the contents of or a fornula in another

[0004] Thé @é‘e&ffrsﬁﬁa&&e@tsap@hca‘-‘tiéﬂpRfrtda&ganafy@fsmdb Becoeptediént.
contents of a cell are changed, a recal culation
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and recal.c any_.farnul a recal. cul ati on

o HiSe et i Fftrag i el pr%sSSf'tﬂof?E?ﬁs@PBﬁ‘?a@ﬂns has
operations may be reduced in speed i f not paused

begomsgissirable. f Micrasoft BriefMaa ar exunple @f gicht Smead@hﬁéha@hcauon It
recal c programthread confronts a fornul a dependent

isupmcal an sprpgdshédt agplicationd for wioraduldasoneatkll wfdmed to as a “dependent”
cal cul ated. Even where nultiple processors, or

fotmmllal, ) &pBAd gt b6Ramts of ar £foefinlady @fother C Feferred to as a
applications, the performance speed of the

“s%gg gt fmgla? R héEhR e SeiRYs Akl 91% ahapgeavs %cmsraﬁoﬁt“recalc”)

ne o he processors IS unab COfT'p ete a

aculatlnor C. |Ievva||n for
oriGiit By B e SR Gt el P e  Peo RS h e
the nunber of d endent formulas jn the spreadsh
fozmpas aad resalciany Q%%ereﬂ%ea}e%w}@se@ha@s@e.t gs€ changes. The
probl ens have been addressed in this Background, this
processingsimestor somputaiion epedatibnis magrbe redycet an speedl ifhotgrauses
sol ving those specific problenms. Summary [ 0003]
altagbihei foentsignificanhperjydasteintie, whep atrecaic grepanathreadroehfrdomts a
to processing spreadsheet cal cul ati ons and

forRaRl depérittehOiffond Suppiting ifeHnfulP WARATRO K6t to B chldlilated] Even where
concurrent threads, when nore than one processor or

mAltFEFIEAGoS G iR FRY@hinRleGds, B by TR BB PR ations, 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 pfoblems 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

mul ti-thread processing of a recalc operation. Further

yet, sonme enbodi nents relate to the synchroni zing of

mul ti-thread processing of recal c operations. [0004]

As di scussed herein, an aspect of a particular ) )
relpis el fheaise of @ [rae sisuqtere ead depenfens ydeveds wupendeng & pagim of entries to
of entries, or "ENTs," so as to create a unified

pedomh mubthdireadcpropeskiag of atecali dpdratioai Farthér.yet, some embodiments
dependent fornulas and supporting fornulas organized

réliedo tHe@9ndlr6RidingdY nulithreid BIEEssigiof Recalydpaidtionsi t her
dependent nor supporting formnmulas. An "ENT" refers to
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epar.at e dependency | s, in which each . dependenc .
PO S PG ERTEr wEVER ot QMR SRR ERRT IR bmprised of
dependent upon a suypporting formula_in child chain
cmif Fhans; (rge 3%[&5@%45@@»1@ SUPRQIHNY Preagaeg 1n adise

ENTs in previous dependency |evels. The arrangenent in
hisgarbhyrand wb BN Tisevitictatdndais neitler dapandphtanor kuppmdeng formulas. An
conti nue processi ng ENTs throughout a dependency | evel
“BNTHeefershadifognila coithined ofithinncadlicofl aadpeshdshiepp Ointanother

ENTs to be cal cul ated. Once the next dependency | evel

elnbodieRaN kb ulifiOf &%k R Plled o EYimiAdDehlincd 1GRA Eﬁvghich each

(if any) located therein is efficiently acconplishe
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relate to the use. of nultiple asynchronpus. progra

sy RO A 3h g chali bl GafapERiFneY vk BrsdiapndshLonly upon

rocessor or_ processing engine, to evaluate fornulas

N st Peevigws idependereydevels hBnarrangemantapsueh srepmbodiment allows the
control thread may be used to control the

Nty thoedds ao cominoe ptdvessing ENT's throeghdupa depesdénty.level without
[0006] This Summary is provided to introduce a

hawihg e waif f&funcalBelaRt Suppbrén SENTE kd b&ehléwisd.t Oate @e@ext
further described belowin the Detail ed Description.

ddptindendy BRI ¥s fedcHea! prbégsﬁﬂg &f tHeENPEMd dhyidkeB¥in@ (if any) located
essential features of the clainmed subject matter, nor

tﬂsgeé}b Ees élofggigﬂ%? gﬁcg)?lgglghes j)o%geed (?h %g ¥?l\éﬁl¥1ti§§§ a{h%ah;' %lelte{éﬁ in the prior

c

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.



Drawi nes [0007] FIG 1 illustrates a | ogical
representati on of exenplary functional conponent
nodul es i ncluding "N' nunber of recal cul ati on engi nes
("recalc engines") used in a spreadsheet application
i n accordance with an enbodinment of the present
invention. [0008] FIG 2 deai cts the basic operations
performed by the systemshown in FIG 1 for loading a
spreadsheet application BEawiigser mi ni ng the number of
processors for use therewith in accordance with an
[000@hBHG. nithuktraés 4 logical epessenthtioresftaxemplarP Oieiiondl GomBonent
illustrates the basic operations perfornmed by the

modE s iRMERNON hilmbdrGf rdcalc@latidfchingd (Yeecalcregmes”) used in a
operation with the recal c engines depicted in FIG 1

spreaddhéé %?%Igéﬂﬁg gif%ﬁcgﬁqlgcee\gﬁg g% F@tﬂédig{ﬁen{e J)S(]t:trl}g F)ﬁ&ﬂtér)x(\gntion.

I nvent ] ( _ ary
roooR]FfE P A6 FRePAAC BpéidhanintipoRaly i YRk RoRR UL Pl 1 for
the functional conponent nodules illustrated in EIG 1

loading a-spresdehestapplicationandeletssmiiag the aumbgpotpraesssers for use
invention. [0011] FIG 5 illustrates the spreadsheet

therayelh ie asbavdanderwith €8 embamenti dfitlsd prgsenodyentiomt o a
single calculation chain in accordance with an

(00081 BIGl MInktraés thbeadit pemions Peddimalby h6Qfst¢m shéwn GAFIG. 1 for
depicts the cells shown in FIGS. 4 and 5 as reordered

perforitify & rdéAicfdpeFhtibs SAhGhE RRLR eAkineHidficied fl PG, 1liRGdRkdance
FI G~ 6B shows the child chains of FIG 6A | oaded into
st | afi ' . and separated into
Wlth(ﬁl\é%é@g)gﬁ%@%Pg@lgfbgfsgﬁ%hﬁﬁlgﬁ' one of the cells has been
ed to a second dependency. level in acgordance wth
001 R R o st S SBeRdshE) e CefiGorri sphaage
is a flowdiagramillustrating the operational
and/gryapliiplediormulas i1 dspreadghest applichben wsing the fimmgionlecompiopent
into child chains and dependency | evels as depicted in
modtlesilbeapd ar §l(e nho dcorddee ofi thrin@@bd@iinentdf @8 mrestnt mvention.
accordance with other enbodi ments of the present
[001 8 DFEMT iB@straték 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.



shown in FIG 4 by the two separate recal ¢ engi nes, as
wel |l as a queue of cells to be reordered for each of
the recal c engines in accordance with an enbodi nent of
the present invention. [0016] FIG 8 depicts a
representati on of a non-opt4mal reordering of the
cells queued in FIG 7 in accordance with an

(001816 7 rikhundtracks thdyeropeseing ot tHervetsnthawn in[KIGL 7 by fhéaw®Bseparate
illustrates the program code for synchronizing the

recalé BigadkS adell Rea HESKRIE caMbMR TesT16r8R forabh 6F thé rédalc engines in
accordance with an enbodi nent of the present

accoﬂdW&%lw exglgc?cﬁ%]egtg Aetﬁ}é? &1% &l FnnfidPW di agram

trating characteristics of a

001G B h A B R S e @ Ghenea i
accordance wi.it h an _enbodi nent of the present

FIG. 7 iy agrordamce it pojembodimens gf the paesepigRventi®yr am
illustrating the operational characteristics of a

[00173ri6e 8 sllvstuates tlspmmogianycaie for$yggeonizing the threads o the recalc
t hread and/ or asynchronous threads of the recalc

engineP ghavasinFIGM] ih Bcddeande ivithag @aibdainget of the padsent invention.
enbodi ment of the present invention. [0020] FIG 11 is

[0018} ﬁl@‘ﬂ)ﬂ'l?g fla dlll#r%tiﬁ@sttllaﬂgé ﬁ’?:eolpg%'bﬂ& 'cﬂﬁﬁt:tenﬁ ics of process

Characteristics a proces reor erlng t he cel
r hr au f
for i Mo KAEe ARBADE or B REfa S ERAIS I AR UREERTIE 24
n enbodi rren{él f the present invention. [0021] FIG 12
accordance wifthip enagmeR; 9t the presay MYy el oper at i onal
characteristics of a tpr ocess for allow ng the control
[0019]HrIEa dOB ds # Bowvdkagraméllesstating e opheatiquad gharagResiiesiof a process
FIG 7, to work on control-thread-only fornulas, and
for suspendinl aptriggeriey the conmtrad dlooadaniker asyidhraue tHyextis roé eite retalc
the present invention. [0022] FIG 13 illustrates a

enginle® Shav@l iy, %ﬂ? BécdEd#Abe Mthial @ribRAIASH bﬂ@me%es@nﬁﬁ%xﬁl@h
thread formula to the next dependency | evel

r
[°°2®ﬁ$§n??%??ﬂif%8%§?ﬂ&?‘@%‘%ﬁ%ﬁh S IBLEERSB gt
of clrcu | as .with t hread processi in
forretaein e i T S e E o BBRER B R el
i nvent i or]: . . . .
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 14Bis a flow diagramillustrating the

operational characteristics of a process for

reordering a calc chain for possible circular

reference detection and eval uation as depicted in the

exenpl ary enbodi nrent of FIG 14A and in accordance

with other enbodi ments of the present invention.

[0025] FIG 15 depicts an exenplary conputing system
[0024] 06165, WhB dha Botyaliagremti Busfatin g thempestinhaldhsmttesstias offayprocess

be i nplemented. Detail ed Description [0026] This

for redrdein@ AWak ohairl foP PU¥sTEX EirdulkdriryfeftRBE BétbQiowendRaluition as
enbodi ments with reference to the acconpanyi ng

' . . : i odi

oo Aoy 0aRERE L OHTRL B S B
Lffere forns .and.the inclusion of specific

embo%ﬁﬂ%‘g? ﬁ@}i‘??fﬁsﬁ“‘tlﬂ?’@‘a}lsa osure shoul d not be construed

002, T e SR oo oBaeot B hens i o

drawi ngs are included to provide a disclosure that is
presenhdisdagyite snayl be amplesteptednd which ful |y conveys the
i ntended scope to those skilled in the art. Wen

referring to the figDéailed Dek@igtignict ures and el ements
shown t hroughout are indicated wwth |ike reference

[0026)UIYRS BlsSlosPB MR SolviRGS Y dRBribSSEniflars RAWoRRdnNRIth

conmponents or operations.” Dashed [ines may al so be

e 19 A PP BRSO AP

envi ronment 100 for prqcessin eadsheet : .
Other 45PEtR oK FFRY e ORI Ry GHTess dmEing thfpclusion of
corresponding programthreads is shown in FIG 1. In
specifig cahpdignenisrin this Hisclogere should ooichageanpiseas as ligpiag sughragpects to
nodul e 102 which includes a nunber "N' of avail able
the epbodiessBrsst forththeesio pRathés, tig esysdemgntedeictbdin thg deawings are
recal cul ati on engi ne ("recal c engi ne")
included to provide a disclosure that is thorough and complete and which fuily 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



104 operating thereon. The system 100 further includes
a dat abase 116, and an |I/O or send/receive nodule 114
operable to receive and transmt data fromthe
dat abase 106, as well as to gonmunicate with a | oad
control nodule 112. In turn, the | oad control nodul e
CO, ni.cat,es wth a boundary detection nodule 110 that
Qo TS CEle OF Q)ﬁ@%c Hd”ol“l%h S5O Fresic bogguse {pey dgperg upon or
or those cells which require recal c because they
suppepdhgicansen changsd ppanather igell.c bransgmbadimpgfediriyrceH# ateeqalculated
cell. I'n an enbodinent, dirty cells are recal cul at ed
in tha etvdne aeseaidulaion comneankdas feoeived fromntle sendrrecevermdddle didt.
the send/receive nodule 114. [0028] In a spreadsheet

[002BPH £&JrbR13hétt apSlicain TthE tieRh QG ER8QE s M Vir6HIHEH bf §¥stem 100,
system'100, it I's necessary to determ ne the nunber” of

t
it iééféé&?%?ﬁoﬁdg?e@hleﬁﬁé ﬁuliapertd?‘?g%?&ro?é {i\{q&ﬂal%% g'n'fg]opgllagng $ystem.

SICc I Nl al i on sequence

ations.200. perforned by the syst.emshown. in 1
FIG R AR S35 iR g sobrbuss s saerbets 2DTRPoRRedld it pystem
deternining the nunber of processors for use o
showpeindilG: | fordpeding. o €alking orspressishest applicatigneandrdsterpning the
comruni cation with a |l oad control nodule 112, in which
numbemf paetsksoet foapgd themmiithn Stat dpesatesh 202 ib oatated following
application operation 204. In an enbodi ment where

corfithuhicRliéh WItR&eS&IontroRMedi1B U$2,TH MhidH £speéRgheéfapplication is
threads, are used to evaluate the entries or "ENTS" in

loa@ecﬁﬁrlﬁﬁﬂ;ﬁﬂﬁ%ﬁtiﬁ@sﬁtﬁﬁl2@’4.' # bPBmbbdimefit WE&GE %tﬁfgﬁéﬁle bfbcessors,

synchroni Ze the al uation of those ENTs by

| I sQrs.. . Accardingl - er [T »
andilt B Bg PR ERRE Yl o8 ST e A B By g
th recal c engi.nes 104, in the operating system
spregdshest cap SRIPGIAt O at S Pesesary IsYAEMOP e Mk VAHRER Offhose ENTs
processors and their access |ocations in database 116.
by the phwrabivyind droasssors. t Aecoptinglysdasersnins eperatian Hsietegménes the
processors, while in another enbodi nent they are one
numberraf peocessoes] dedithue repalecagies $04rin thesopetitiag istem. Srore
turn, a recalc engine is allocated to each processor
opdritichl 208Gedres @R leRthMRd AdfhbePethrbdesbrs At their abdesPIRERSH in
200 transfers to return operation 210. [0029] Turning
c : , £
e L0 o A b RN RKERD L AR Bl prlocB R, hile in
nual,_ or automatic calcul ation,or recal cul ation .
andifi iRk Sne Bty Lo cer BCiafiety B et chip. tn
spreggsheet runni ng. on the system 100 shown in_Fl G %§
g AgReAl¢ RIS aeatehtoRgsh pfqe%sspré@aaﬂeeaﬂspp%fﬁu?rea@e apd fhen
recei ved by the send/receive nodule 114 and data is
contegf pf prpeess 200 tmansfersdareibmspenation 280r equi red by t he
request. In an enbodi nent, start operation 302 is
[0029] Gumirgrndwy teaFIdh Buscale paacess 300ybegingseith start bperalieuB@, evhich is
7

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



t he spreadsheet being displayed. |In another

enbodi nent, start operation 302 is triggered

automatically by a request froma calling routine or

when a user either changes a-,value or fornmula in an

ENT or adds an additi onal EN% to the spreadsheet.

Regar dl ess .of the specific triggering nmechani.s é
theyBEcaeeP Lo B RlgUeb n e oA PR BE g SRSTgIigR 02 rrigeered

operation 304. Follow ng resolve operation 304, the
autgovaticailydnde reqness from a badlingraative pewherse uses etlberahanges @ value or

in operation 306. In an enbodinent, this involves only
foramuda faNh. EN'T oa bddstaaraddivionali ENT to tlietspfeﬁd&bieme Regardiess af the

of ENTs that depend upon or support the changed cel

spee iy tﬁg?em&g Rechanfhd, e reENtRatidn r@gﬁé@?is%éﬂtl‘fi%d QP efedS VAT in
306, ocess 300 proceeds to recal c operation 308,

opé{i‘ﬁﬂg 304 Clﬁdlﬁ)wflﬁé %iol(/ ry 3¢ ltti %&Pfaggg SFthWrééalc

i nent’s I hveé

recal cul at.ion. is co cont tra sfers to retur
redyftnsdetemingbin Tl ﬁ@% uPh éqcﬁ thit, iy plyeg g lpiopg ENT. In
code or user interface. [003 % FI G 4 depicts a sanple
anaffierempodizaent 4o nvohves aprarayef ENEa that Fl%ﬂeéé ugeR py PRt thee
process described above with respect to FIG 3. In
chaniged cakemdrariye. r @t yd’SENT a1t From deftereni BxGpespianaiPdhprecess 300
cells Al and Bl in row 402 are shown with exenpl ary

pro¢aédses réxhilc (;pbratloﬂ_BQS Owhikl reddlcanetsBRe diftyrceis Hcaidance with
shown wi th fornmulas =A1 and =Bl1, respectlvely, whi ch

ook SO FIETY ety AP oA, i o
trarrls(g% Q retl.?l% foﬁgr tlf)l&g?(g é}ﬂgﬁ%te lgrgigieﬁgtk\élel ry%e ﬁéflng:corglglo'r user

. C3 is showmm with a fornula of =A3+B3, neani ng

”“?%EF'is dependent upon A3 and B3. As noted above, the
contents of cells Al through C3 may include val ues or

[0038} FiG Asdapicss a pargple ispregdsheet| 400 it anayrbecasalenlated utilizing the
thus the content of each cell is referred to as an

proeedsrdgsaribed BbOve' with respea@an®pFEG. X Ha tliio exethplaty8reBitation of a 3x3
an ENT located in cell C3. [0031] Upon | oading, or

spréalshédiJoelld AINAISIAGSI 40 ArdHor Wih EXcnhsiAryhAfies BPWAL.” The
in FIG 1, the processors begin by ordering the ENTs

|
cellsr]%?; rl‘ﬂjb aQ B MPldw 53 SHlsASw P O«n‘ﬁfféﬁﬁhlw—ﬁ P Eﬁ@ QB? { fég;fefcﬁxl/_@, v%hlch

sed OE entry into }he spr eadsheet _ f
reniar SO pdpderiaplh AL PR Rt A%Bﬁ‘%ﬁe&&;{f’fr st row 406

, of exanple . only, the ENTs in cells Al
aretshpgﬁ @Hv%rrﬁglgs FA¢&ng e-g[;’yléaﬁyeé;ltlgglympﬁh geprgsent formulas dependent
spreadsheet 400 in the order of A, A2, A3, Bl, B2,
up®BA?2 and| B2f iFirallyycell33 is|shownivgth afaringla of =uediB3g mepning ghat is
ENTs into a single chain, the program code pl aces the
dependait upbil AGiand.B3. Ahs ndied htgve xtepbmeyts enNtbeldi Aethirough C3 may
referred to herein) at the rightnost extrene of the

incfiRle ¥ aRkle@bNforrhiRs AR inusNIScaldiatedigedcdibulgRASRAUhisBe content of
order, worKki ng fron1r|ght to left and endlng with C3.

eao[hQ:Ql?f%] re &fe‘artp G§ ﬁﬁi bAt b l“ia&r%xaﬂg eEﬁ‘[g%o 15 R€A34B3” is an
S|ng e ca atron c aln 0, the ¢ c co starts
tQﬁ termnes that the fornul a A3+BS depends
8%1? las in cells A3 and B3. Next, upon
ki ng at ceII A3 first $S|nce it is the first nane
looéél UPP’h lqaﬁegf BF fAlling a spreadsheet 408 Withhbg syHem 19@ |Sh0‘wem BG. 1,
"dirty," or pending calculation. In this enbodi nent,
thetpineceRiTs beda B brdesing ftid ENTsintala pinghtenatctilation whdia in cordecutive
the formula in cell A3 is called a "supporting”
formula. In an enbodi nent of the present invention,
the single calculation chain 500 is reordered so as to
create a unified chain of dependent and supporting
fornmulas organized in a tree structure utilizing child
chalns mnthln the unlfled chaln In an. enbodlnent a

R Y e o I T s



[0033] Once C3 is noved to be a child of A3, the next
cell in the single chain is evaluated, nanely B3 in
t he exenpl ary enbodi nent shown in FIG 5. Upon
attenpting to evaluate B3, the cal c code discovers
that B3 is dependent upon cetll BZ and that BZ is
“dirty." B3 thus becones a child of
ordelagaed, An enieing the Sprerggiepigtsel E&@at élwee%@}& SH&%F palculation
i.e., B2, and determ nes that B2 depends upon Bl. B2
chaithotdeting ofesdls  Icthidugh 613 &speaadshebic(i) shewnin FIG . cBy way of
of B2, the entire child chain of Bl, B2, and B3 (shown
exaafple billydthe ENTS in 8elidR1 throsdhaCh nfaf hav&bédn@ntedéy) within the
born. Next, the calc code tries to evaluate A3 and

spré’eﬁfsﬁ‘ée@h@@ﬁt thé @Ifdef\gf awhashabas) ®2, B4, 4nd, ﬁ?lal‘lj)b @Jqﬁ@lﬁs 1n1t1a1
above) is dependent upon supporting fornul a A2, ‘which

ord&éné iét%le fEl\glesé{ddaeJ] g@l?a{hAnAt‘lte % céJéepﬁJ%'s ltﬁje f?ljgft '%l? Alin

r'epr esent a

this chi chain i hai n 604
the @Aemtﬂe}@s%?bﬁt%t el o Gbe flﬁEma:%f et he fil chain.
and C3, another exenpl a enbodi nent of
ThQ PO E%m pdsled e ponseetive rder QromsingsHemaight 1 gkt jang ending with
child chain 610 having C3 renoved therefrom wherein
C3C3 is included inits owm chain 612 |ocated in a
separate "dependency |evel" 620 in accordance with

[0032PInhsbceaingdb eRdlhate thd FINTS MBS tinglR. caldilﬂmeﬂ chiih G00,&Be calc
shows two di screte dependency | evels, nanely

A A o o
3 N e G R i R R i

are dependent only upon ENIs in previous dependency
formalpd161s defeemiped bt eahk AS 1p ndigyc)Pr RANGERS 6oIFHRHEN- ol tBifs
for one or nore processors to process ENTs t hr oughout
embodimgeintheriBYT [‘A3¢B37 is calledat'dapandant’t fosmilgnang tha dernmula in cell
having to wait for uncal cul ated supporting ENTs to be
A3 istatlet at“eubpot¥3Fdrmilie.  heaedmbeiiméntof plae presend myentilar) the single
| evel s can be denonstrated in the exenplary enbodi nent

cal@flatfohl heine300Q8 réoddred &P4 o Whatel ﬁ‘m%d b%@oﬂ&ﬂeﬂd&ﬂ‘t afB,

V\hlchlnturnlsachlldofAZan . shown in
supﬁ)ﬁn dn%soxjg% Q&Pﬁr&ﬂ dﬂg@fgﬁe d@ﬂ?l%ﬂ 5{1}9 nghﬁﬂrglle nified
AN SHETE RS e T

del ay when the calc code reaches C3 (i e., the calc
firsg sppgOTnEABITRULE. - & nfid o Fartary the Airet sBrestina foseula reay homade a
A3 and B3 wi Il already have been cal cul ated). Thus, C3
childrofguseeonarsuppertio femtulawgonrveiieh it desengiar t of t he chi I d
chain 604. However, where B3 is not cal cul ated before
[0083] Oacec@Bisuabad tb)betahﬁild af a3codeext dell ifi MeCsinglél ehath ks evaluated,
not be able to cal culate C3. Consequently, C3 remnains

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 B1, B2, and B3 (shown as child chain



10 uncal cul ated as | ong as B3 remai ns uncal cul at ed.
Thus, the processing of the child chain 604 woul d be
paused, or stalled, based on C3's dependency on B3.
Such dependenci es have the pgtential to create
inefficiencies in the procesSing of recalcs. An
enbaodi thus provides for C3 (61 to be ved_from
60%@&3%&%&/‘“| L eﬁghlf(beirs)N% e ﬁ@% qariciies &eyalyae zﬂe?,
as shown in the unified calc chain 606 in FIG G6B. .
detpygigey thpinA 3 (Whinh bas ehild Chpediscussadiabpye ipdepeaderd upor pgpporting
avai |l abl e, noving C3 to a new dependency | evel allows
formuteA D nwhiph dessH alepemalehi upgn il . cHidsdthe lehila cltaid) Atlp A2, A3, and C3
conpl ete that chain's processing and nove to the
is WP CARTk&EpRty @P@s&ﬁﬁtldﬁw this cRil Lishif keshBwwiak Bhilld chain 604 in
dependency | evel #1 while a first processor continues
processing of child chain 608. These multiple
processors are shown as recal c engines #1 and #2 (614

16, .res i vel.y) ch, processor
oo ien R he Ve hud sher Bt Ay ener B CIRRT e Gy
recal c engi nes are shovvn in FIG 6B in accordance w
eyl o) i P <O HED e HIC (R ARV B P G1Rrhaving
of processors, as shown by the ellipses 104 in HG 1,
C3meapovssl therpfromewherin €5 és inaluded mtitsoowmelthin €Elocated in a separate
operations. [0037] FIG 6C illustrates the process 622
“ddpetideney 1evel" 620 ih hecordmice erthn@omkr &hBediment éfiké invention. Indeed,
novenent, if any, to the next dependency |evel in

FI@CGMMQ%%M&@H FP% fi@sféis Hémép én‘%i%ﬁ level #1 (618) and

Invention. Start o ratl n 624 1's |a e
a eII h .
de%?g‘%r%g%g"fﬁ)gz 26%99 %ac ﬁlep]e enC\é§ev d%t rllsigl(ﬁgg%l}ﬁ%s%md% from
ation 624, process 622 ceeds to i on

thoégé’inc rsfighend qr}ﬁ@pméumoe“&f‘éep@a 1} hFB‘?‘iﬂa“h thinthat

cal cul ation chain based on their order of entry into
depepdengy devebtarpdengndent 2oLy, upes ENsdn psasdoustsispendenestevels. The

eval uate operation 628 attenpts to evaluate the first
arrdngemghtinisoch reembodjmentcalosus| fat or@orahare procéésoes totpryéesgENTs

to evaluate the first formula, process 622 proceeds to

thrélpRioMt D@GeAldneR 1&%@1n%&hnﬂ@ls%éﬂléiﬁﬁlt%lﬁtlﬁ%ﬁtt@ aftifeist

fornmula is dependent upon a supporting fornu If the

unJalld’u%ecf Q{ggy Ao ENFEBHRISRLIHHON a supporting formul a,

| ow bra ES to nove operation 634, which noves

[OO?EETBélﬁéneﬁgsecﬁ%egaerte dfeSenmé éay feQetd Igz?n 19 ngodgprgtea oﬁle%gcemplary

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



supporting formula. If the first fornula is not

dependent upon a supporting fornula, flow branches NO

to eval uate operation 632 and the first fornula is

eval uated. [0038] Fron1nove1§peration 634, process 622

proceeds to query operation 636 which determnes if

the first fornula is al so dependent upon a secagnd, _. )
uncelqelaied s densiib s Uncalulaleg. AREH ARG BRCEIRE of the child chain

determ nes that the first fornmula is dependent upon a
604seadd e pasad coristalled, Hasedar €3’ sfdepemdenaynahBs. $ESh dependansies

operation 642, which noves the first dependent fornul a

havt €hel fteritRKio dlefe ideMsancie’ ig the pHeedssing bEfecalof eAaeimdodiment
644 determ nes whether there are any other formulas to

thu%x%bfﬂl@& forld3 619 t%%e%@ﬁif% g{:}ﬁinperﬁs}%veil f1 %618) S 8&Heh&chey

to eval uat e operati on query operation 644

vl AR BT m b a! s e AR HBEBACS i on cas

ich ends process 622. |f query operatiqn 636
(003515 e ROdRE Whees TAIBIe RIOkHATS AE A GNAIF 4O G G3 to & new
dependent upon a second uncal cul ated supporting
depﬁmﬁmy level allow st sgeersprosdssarovarkimgenebdd aﬁalo 1618 38canplets that
determ nes whether the first supporting fornmula al so
chatwdspracsemgrd depend drtprécssing af ardthey BN oogheldathamnwithin
determines that the first supporting formula does not

depBfiéBc P1eS8IANWhile R B gfﬂce.‘fs@f BatltRued the prdReaied @ chii®ch&in 608.

eval uate operation 632. On the other hand, 1f query
. s fir .

Thef B ol Ao LSS R el Al A2 BB G5

br anches S t0. nove operation 640, in which the first
rosDH VAL 0 O b SR TG arar c HCLides g Fgireperauin thereon

dependency | evel . From nove operation 640, process 622
While brergalctengigarg shpwp it Fih 68uin aceprdatcewihhan gmbaogigent of the

ot her fornmul as require evaluation, and the process
presenbingedHnasnydiwches SBY of poocessofs) 88Sownvhyl the elipses 104 in FIG. 1,

reordering of the ENTs discussed in FIGS. 6A, 6B, and

maybke sraploved for @t dalcuddtion ahe e6ddRy dpegatigasier al |y wi t hout
regard to the nunber of processors (i.e., using one or

[003A'AGP6OGRSR AR khe fbless 622 Rg‘rge%ﬁﬁin[ghé %e'oftfeh'hgb? ENTR@nd their

(&
reordering 700 of a single culation chain Trom

moRARIENERL, AO9ckUBUARALDRUSE oLodlck Rl ar! Gilfimens of the

engi rnes async nous rea contro rea

i s enployed to synchrgni.ze the various threads and .
preseBL BPRHIOfy ST PREION G2 in i GREHR BHP IS boRdAE Chpells into a
system 700, two recal c engi nes 704 and 712 are
spreagghiestRragranb iR and a eallfer respiswlgtion nFromhsigit pperatiereo 24 process
nunber of recal c engi nes and correspondi ng
622pnbdeedy toraxrdal qpemtios $26,Gn eyhichathe EINLs Ar@Qedidtedlinto a single
accordance with the exenplary enbodi nent depicted in

calduldGon ¢haifl bRseacShER Ordeh bL@ry in@dpredstiecet P‘b@kdﬁ@fﬂO, (ag QA¢ussed
attenpts to evaluate C3 in the single calculation

abo¢&1aNBxt/ OB1uaREGRY R fon 628! afte g%qa doNbad B%nfix@fgfoﬁﬁglg% the single

ich are not yet cal cul at C3 may not yet
l.cul at.ed. se nt | ecal c. engi ne 1 S
calcibgS BB A? B3R5 Skt VR Cofp Pinge S brededsdly auery
is listed. as a dependent formula, d ABig listed as .
opeafign égé Wg‘?‘ﬁﬁ 4?&%‘?% theg Fhe&gt %é‘?&a‘ﬂ 1} H%Peﬁa%’é URAR 2 supporting
thread of recalc engine 2 (712) attenpts to eval uate
forrgda. Urthe fiest tfmwsugp@dpm upogidppuppriting fasmula, dlow raches YES to
engi ne 2 noves dependent B3 and its supporting fornul a
moBDpemtionh $3dymhigh enveyey he foft dipgeledefotrmalado shepghildtposition of the
fornmulas. This process continues until the recalc
engi nes have attenpted to eval uate each ENT in the
single cal culation chain 708.



[0041] Once each ENT in chain 708 has been eval uat ed,
or attenpted to be eval uated, the queues 706 and 710
are reordered into child chains by the control thread
702 based on their dependent/,supporting relationships.
Simlar to child chain 604 discussed above, FIG 8
shows child chain 804 with ENTS A, A2, A3, and %%
suppRiting fepmvla. Hobe SR iarmsderis nef denspdent Rorpa suppeEing Topmpla, flow
chains are both initially shown as being | ocated in
bragelies M@ frregy alusiedperati ISP aofl the fizst @rmpla igavalwasedi ment |
recalc engine 1 (704) processes child chain 802
[0038Brans abve bpddhtiorBa34, prote83H22 hreseedsol duery epeadtiondi3giwiach
1 begins processing child chain 802, recalc engine 2

detB@QhESif leH8SRIMAaGAE d&featicht 38dn a kébohB] dncaraRRIdTOMMUla. If
enbodi nent, it is assuned that recalc engine 1

oo R BIEREHIAD 8 ROl AR BB Scone
o P e TS o BSRE 35 B M oves e

calculated. In this enbodinment, C3 is shown as being .
depegdent dormula tpthe Aerdiflependeney leyal( eas. quegyppenation 644 determines

dependency | evel #2 (808) is shown as enpty in FIG 8.
whetberthere ar¢ anyaotberfermelab ook viabrate, inithe ¢adcybaswi dhbim andoif se,

mul ti tude of reasons) that recalc engine 1 is not able

brahéhes WeH S &t & aldtelsplefition 1628 2 I@l)?%gép%@at%nm eRRimirled that there are
eval uate C3. In such a case, woul d remai n

no mﬁ;&f‘f&ﬁh&% ?@e\aa?'@até, o Grafidids RO t\‘%ﬂiﬁln?tie:??gﬁki?rtl g&@whﬁtﬂ ends

e maltln? or ‘recal ¢ epglne 1to
[ B3... S ' I
Bt KrbeBlafion 38 Rledptle el WRRY Gkt Sy o
| d [ it hi h [ d | | h
erEO0AT 43 £ Pe5RE RSP PR BN o ot RETE P4y gery

enbodi ment of FIG 8). A stalled recalc engine is an
opdraficnf §38; weltich deternaines Whethen the firsh pepngetingfoovelasisedias a second

capabilities of a nmulti-processor system (i.e., where
depichdent éoyuedd. elf quexyalperatipe deteiminss fhat the éistlsapgorgng fortiula does

are dependent upon the processing speed of single
not'Ma¢@h GecdNEidBentibnt foAMSa, AR bRNBRAING id el opdratidi328 On

is not an optimal reordering of the cells. To the

the ORYr hakd, if (g%gg#ér&%n ERUAL i Hém gkgdféﬁgaﬁpg%@g Sféé la also has

exenpl ary ment shown I n
in.reference. thereto. 421 VWile Fl 8. sho .

« 5GBS BBt PR IS Tl PRGOS o7y e e Catian Pagpin o the fist

enmai 3 i n_dependency | eve| #1(806), other enbhodj ments
anfi%ﬁ ndeah fprRTas Ao chiodte B dhpendppRy Igyel. From move

evaluating C3) would require C3 to be noved to
opagitsari@nprpcess\vaR prorecd08 quenyrppsrasion 66 ¢ desenming ifany other

rul es governing the novenent of an ENT to the next

formha e netmive e vhiawtidn, andthe process prbreets us Hiscuwsskdatiove.
dependent fornula a child of the supporting fornula.

[0089) WHiletthercdfReng @ theFNTIiScusSedah @GS Y6 &, 6Hliand 6€fhas related to
anot her formula, then the dependent formula is queued

such ¥orbfin 'ERhEraAG RABRSBI el ald¥ He nifthiber 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




I f the supporting formula upon which the dependent
formul a depends already has a child, then the
dependent formul as are queued for the next dependency
| evel . (3) I'f a formulg contains a function

whi ch nust be eval uated on t%e control thread, then

the formul a eferred to a "control thread
eNGRES i Q‘e)eng‘Hi’BX/ %L?%mﬂbgfsﬁaﬁ@md@@emwe ceagiaps 74and 712 are
way of exanple only, the follow ng functions nust be
emplpyedi dowg vernothpeerabodiments maydavplve any nuumhererecalc engines and
function; (b) GETPI VOTDATA function; 14 (c) |INFO
corfasparidimmulti-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 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 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



(d) ADDRESS function; (e) User-Defined Functions
(UDFs). [0043] Turning nowto FIG 9, an exenplary
enbodi ment of the program code 900 for triggering and
suspendi ng the asynchronous ghreads of recal c engi nes
1 and 2 shown in HG 7 is SH wn i n accordance with an
enbodi nent of the present invention._ Control Thread
depgngengy #ﬁvlebt%(&%lﬁstqptyg &F FRgtyon HieS aBpNEKiTo Ao ther
threads. Initially, counter 906 is set to the nunber
emlddimentc 835 possibiteffer avnnkduder af reatenrthat mecabypengine bois nRoghle to
Counter 906 may be any type of counter. In an
evafiae BB defprerbadiehging 2 acomplses eP4eated. b suchferase 3 would
as | Spi nning. Regardl ess of the termor type of

renﬁiﬁt‘ﬁﬁc%fculh?&ijandcr@m &g 11969@ wollde Rl NtallddAfRR Waifilg )or?&%lc

i s set to the nunber o processors determ ned to

engﬂy ai al?rllﬁt {t%rog& ﬁt&?g’ gﬁé? Etgﬁﬁ??r%%gtsllg%gggl?%Z from

f.or
prOﬁ%Wﬁ&ther ﬁﬁﬂe&ﬁ%& Chaioahich fods Bk MBinghe i dependency
ientNext, is set to zero ("0"), and each recal c engi ne
levelr{thexglo surhzadditional chains areor shewn iethe exemplary empagiment of FIG.
i ndices control the pointers for the ENTs 912 and 922,
8). asstdiatrecdledngiaé ovan 1Aeff1bredeuse\m theemolti-thddaded peoeessinge X
to the first cell, i.e C3, on the left of single

capabili6ied oftd aItCHREEs sl steb@ 44 whEle(ee rebfdéstédbcdie Bperations for
i illustrate thg@operiﬁloﬁg? steps 106%ﬂof trlggeﬁlng

rec&lf gn He Q%.ded (3&!?1? Sq%y fhE ﬁgﬁg&@%@é@ 9931 E&talcoéﬁnﬁfl) Thus,

reca C engl n to ev uate S ng

a Iat n cha 9 ca t.i on
the § Sttt Qb GOR A7 R s narf ol BiRing s 5 L gontrary.
or.call, to evaluate a sPreadsheet such as the
an Qfineal detidering4verld AR phiheegemplaryrera Qdé@ﬁt“ého’y%n fIG. 6B and
set to the nunber of recalc engines in set operation
discleeed abNex in rafererssithpnetoper at i on 1006, the control
thread 902 sets the indices, 914 and 924, of recalc
[0042igWhéle FI@N8Istibws esgaeeptintal lryordéring' 800 sfahd BNTs gacvhich C3
thread is assigned to start evaluating at the first

remfalMb-in dBfendently'1eVe] # (8T, G dnIdirhédtd Ofticte BBeYial ificalculated

916 and 926 on each recalc engi ne to wake the threads

at tﬁé’t‘i P&‘?a?éd@g ¢3) &Ju{l&%gpué’% &bl %v&&)%dei;fahde;é}é?&gl #2 (808).

oadlng of "an’a IS an exa

he control t hread 902
In P Eop T 1he BUETHO s g et " enerteppndency
engi ne perforns a thread-safe interl ocked increnent
leved@& ati on 1010. For exanple, recal c engine 910 begins
thIS i nterlocked increnment operation 1010 by adding a
1"(1d o tFey toomake dhe deperdant fornhala Dchildidhe suppostingdormmaa.
preV|ous val ue of index 904, i.e., "0" in this
enb@)li melthe depetiddny fmﬁtﬂmaneaﬁyrwdhﬂtitvf aﬁ@th&&znnﬁltaethen the

depdhdenefaut 1b§hmerfof the nkkd depeicR@ey fevelnet ne' s i ndex
val ue 914 and the val ue of the control thread index

904 ret uff Ofing PEHfRA u rg{ \Qﬁlgh%% endehe o‘ﬁ%lulbede ends
alre‘ﬁ@* H&I o h e al - giéde% ds a?J ?Mh%_@&éﬁ%é@ldgncy level.

I's ex ary e

rec i %# 910 crenen S the ntroI ad
d% 8% & a l‘ll‘l(}tlﬁn \uitq‘ﬁ om the control
thr@é@ 31 e CH'ES’ BP 8%/# oFRNEPA| %adofpﬂtl & 66 H’WB?‘ to the next
pieasy qVﬁ’d e&y vy of ?’e@aﬂ% oplyghg dollovyigg fynctigpemyg dereyaluated on

thegqﬂg&th@a conpares it to the value of its own index

914, e. qﬁ) " OINDIRESCE tundaerce with t his exenpl ary

enbodi neh), tGETRNOTDAT A fumcdod;f er ence bet ween t hese

two values, i.e., "0" mnus "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] Simlarly, recalc engine 2 (920) perforns a
thread-safe interl ocked i ncrenent operation, in which
it increments the control thread index 904 from"1" to
"2" and receives the previo%ﬁ val ue of the contro
thread index 904 in return in this

exenpl aref enbodi nent. Recal c engl ne 2 (920) then
conpar es(@ hi sI¥RY fncéanival ue of "1 * from the control

t hread i@lex SDDREIHhfunheomal ue of its own index

i.e., "0()in UsrdDeiediuacjonsib®dishent, and conputes a
di fference between these two values of "1." A val ue of
"1" thus requires recalc engine 2 (920) to eval uate

[004BETSRERHOWANTFIG. 9€an exBRipl&Y chbaihcnt bPthe PAdtiriin 28 900 for
[0046] I'n an embodi nent th?s t hr ead- safe®Fﬁierlocked

PSRBT i Y0 RS

ion. 1010 ach r c ne s
FIGY3H R ibin Brodnss b bem BRgmen Gibe Biersh Higason. Control
Having triggered the as chronous threads_to eval uate
Thltem;%ﬁ 0&1@6 triggstips Af %@asyrwhecwuethzea@@s Butielly, counter Qoo is
operations at step 1014 and waits for its own event
set g0Be momber ¢ofrprogpssars detbyngioed froi¥Cermimenopterationf206s Gounter 906
return operation 1016. [0047] In an enbodi nent, the

mappe by typoof obunter! €6 ah exangfyeniBRdiment Séobpen 966 may be referred to
Individually by the recalc engine itself. In another

I5
as Igggﬁgihg?g(r?oggrscﬁﬁsﬁ r%g glggtergrggﬂsﬁg% gﬁ%oel%l?éﬂ ‘ﬁ'ﬁ&g C&Fh?ésr 9Y6lin control thread

(CID80% {38 o (A p AN SR DRREHS S U SR8 BEAIRde I hnuti-thread
ProgeIg B R A ERP st bR Bt & Hded TR —

full with dependent and supporting formulas. O her
“2"dapsdalaengisenBlp A0y Fughere thercoatoltbrend indey S04 ig-nigt

an asynchronous thread. The exanples given herein are
ieniNeixe nslsad td zers €f07'¢ aad eactemepdlacygiserinddx Gt tusd 924, ynt iENTais set to

further enbodi ment, an asynchronous thread nmay require

“0.® IMTdeseinblick e @S theeopaets 6k the ENTs MDahe 922,68 dksc@ibed below. An
thread formula is detected by the asynchronous

indb AW A88df <099 4BindE 'tcl fh\éﬂff?& ckfig.d ¢4 %ﬁ&h@ﬁf&ff sf R dd '(Ijb’u%ﬁﬁm
operat i ons descri ed I'n 10A above, pen
dmﬁg&ﬁ?ss 1018 for suspendlng, or pausi ng, |nd|V|dua
ynchronous thread operations is descrlbed |n FIG

0 e wth n exenp
[Ooiglf%ﬂﬁﬁaﬁ@é %ﬁqﬁ% iHugraio Pﬁeﬁ@tlwa?@ées ni? G egering nd
invention, the flowhart depicted in HG. 10B shows the
suspepslingrhe esynchrongwsethzaad operatiensmfapcalhengings 1t (1 @xand 2 (930) to
anot her enbodi nent, the threads may operate
evabiamuyingla ealuslhtion Jtuén 91 vithachlcdlepor bpgation FI02.0of FIB. 1GA is
i ntended to serve as an exenpl ary enbodi nent only and

initiafed i@ r¥p¥nse 0l 16adif, &0 BN, ftdl Bfhlddie his?i‘ehdléh%ttshﬁl as the spreadsheet
operations of the threads. Turning HG 10B, as

40@&%%%3%@0’1"1’??0%'&? @E@?s SEB% tﬁé’ aﬁx‘ﬁﬁé’r dftrScaRPET g ds A Set

etects t as reac e end of

| I h
oI X ¥ G P (s PR GphuEiahend 763 1o R dngoes 014
and et 0Nt b e RSB 10 0] Bt ach thidad s assigned o

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




17 whi ch determ nes whether an end of a dependency
| evel has been reached, or whether the buffer for
recalc engine #1 is full. If query operation 1024
determ nes that an end of a ﬂ@pendency | evel has not
been reached and that the queue for that thread is not
ro passes NO to conti nue operation
callyf dRingcoL R PBBUE LB A ESATLRIC 84 4% B WERTFg rftrol thread 902
iterate down the cal cul ation chain. On the other hand,
maly ftri gges ayeenireenginestyen Upachestaniriggered, aapke recelgenging perferms a
of a dependency | evel has been reached or that the
thréadr §afe inteatockéthinctetenadpdratidnuld10. Fooexqnass ascakEndime 910 begins
decrenent counter operation 1028. Decrenent counter

th19ﬁ§érﬁfckéﬁ“1n@1%?ﬂe%f‘§15‘=tr§udnhﬁ) 1%y Hd8ing%09 %6 tHeh:%nﬁ@lnthfe‘ah index 904

hr ead | n suspendl ng 1ts own oper ations, a recalc
t on ’ r
o540 b T4 B 452 R o

er .fhan hread st be,operati.n
Cor@w@wﬂ% iigBoricewaiuhe FRg ol o %lﬁﬁ%&ﬂﬂﬁgg’r“ and
0," all threads are sus ended and event 908 of
thec‘@htemf Ithe ¢pnirglithoepsl index; 3049 fromp gonted dhreadh A9F 18 ghg yadue
control thread counter 906, recalc engine #1 is
whgnhspeatcenginal shmé@itcrp@rchlwwhe 3ip8MR, catyu]ation cbaih &l 8 whr dhss,
put into sleep node. Next, query operation 1032

exeiﬁplarymmmﬁﬁt eedlc ER@n€ O mm) lindréth@ el tHe @entrel thRQ8 index 904
equal "0." If the counter 906 has a value of "O,"

frohd @W\l@é 9‘[”‘@?@ a VaRelo® «i P ﬁ&%ﬁs&@%é@%é S Rs @Xlﬁ@ Bf the 6ontrol

operation 908 at operatlon 1034 becaus a val ue of

hronou [
K 6B, h Bl Bitoe JHEONGEARA TS THGEID: Bpo g BRI fgthatue of
.. _branches NO to, pass operat|031%036 |n whi ch contro
its pwn RdeX 4 41 8y e AN @cerTgRIes With thigedsmplagh ginkedigasnt, to determine
proceeds through steps 1038 through 1048, which are
theglifferopen betvern thessdwai vebigs.d ¢d “Qb oveust ‘@ eqedalQ, engrageives a
#1. [0049] A process 1100 for iterating through a
valoabf 0. atA ealue bAI0Y requickstrerald ergintel €dOR10/e viabnatedbe fing ENT (i.e.,
and to detect control thread fornulas, if any, is

C33 508 chlBulRE6PEKEANIEE W t h an enbodi ment of the present
di scl osure. As discussed above, the exenplary

[0038P gghl'i@ﬂx ré&fcllctelﬂgmgr e(??@) o;_)fe'rf?)}‘lﬁgﬁ iRBaf téﬂbcﬂcﬁlencﬁnnent

depicts t'he passfng o operati ons between t

t her od| ds . iy .
opgRFRIE vl SRR “E%adﬁlpﬁ%%e Olaeﬂq 2 4o receives
FIG, 11 is intended to serve as an exenp
thegrpdensieatie Rfrihg corree! thieadondgy %waaﬁtanbéee & hdinvthis gxsraplary
limting the operations of the threads. Turning to HG
embadimenrRecalseanginegn(92Q0then compres thisedtuiraid \aeref “tlF érom the
triggering of events 1008 of each recal c engine. From
corftivd tigtal indep@0datvith thelvializ, oftiewapiadex, i.en “07 mwhisrerempisy
to the interl ocked increnent operation 1104 of recalc

emB&dihieft, AAd covBpltes 4 BFRI<hcE BEIWREN thest 1S A18S dTowT AhRilue of “1”
calculation chainin iterate operation 1106 to the

I h

o S e s 2 (R T8 5 VRS iRl ey L BIRF Bt faion

ChENg the fl ow passes to query operation 1112 which

e§n1nes whet her the end of the dependency | evel has

been reached, or whether the asynchronous thread s

[00&@]3 H’éar( gpqudmplétf )hl§ gquag»rqafe 1p¥erlpﬁlg_edéﬁge@pmp}gecontmues until the
dependency level is detected, or if the asynchronous

end rthedependensiyehpig. d&:togmtpi‘fngrjing@ntbdodqud lincrementing operation 1010,
asynchronous thread pauses its own operations in pause
operation 1116. If none of these itens requiring
pausing is present, the process 1100 proceeds to query
operation 1114 which determ nes whether the fornula is
a control thread fornmula. If a control thread formula
'S detected, flom1branches YES to queue operatlon 1115

e —




[ 0050] Fol I owi 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 second 19 recalc engine perforns steps 1126
through 1142, which are analogous to those discussed
above in reference to recal c engine #1 operations 1104

eachppelenginesarty qyghptionrof 3 %ﬁglgﬁefgﬁ{‘lg ip |oe?ra9!9n 1915 fdadng
1200 invol ving control thread operations for

triggexed dlay asygchrbeousdhreadsabicyalugtha slhenchait 91 & therdohirekthread 902
reordered chain is shown in accordance wth an

susPErUdis I opetatio € aft&s FOY dnd weiits ifeiits SWiREten0PES ®iberiggered.
1202 is initiated in response to a trigger of the

Pro%@é%ﬁb@b tﬁe‘ﬁrtﬁﬁgfe?svt%'}&tu pﬁﬁﬁ%ﬁt%ﬂ@m‘)per ation 1202, the

OM/procee s to redi splay operation 1203, which
cgll S
[00'2ﬁ in zﬂ{ %&O&K)@fggt i&lg ﬁ%iébgﬁﬁgfraolgéegggigﬁgﬁaff 89, su %h{le%&gldually
eratlo 204 I C etern1nes mhether t her.e
by §ae el B el Th anothr FaRsSAPHt 4 HEA EDBIE TEAGFOHES that all
query operation 1204 determ nes that such entries
asyd@hrem@tthread&m wspendhé s Invafirst empedimgat, ap gesmghiopaus) thicad
Reor der operation 1210 reorders the dependent and
suspemis arself mdiefi dienanidad aidependehdy dvellisiraashedi tthianothenambadadent, an
chain. Once this reordering is conpleted, query

asyAB1aoAGUsQRredd ﬁ&ydfék%ﬂ%ﬂ&ﬁw%ﬁ&ﬁﬁhre@ﬂ% quBhd, &F BHFF¥E b@comes full
made. |If children were nade, it is necessary for the

Wltrl Qe nﬁg%&?ﬁ#]ﬁ&hﬁ%é@%ﬂwgw rteg‘fbgu ng]lﬁlzsl ed?l‘ft%f reasons
| d..or Chl|d branc es. YE
for F%%’SP“‘B% &P ati"§ r"i‘ﬁ%ﬁﬁ“ gﬁé F& SS PHE" PHEIES "ﬁ?ﬂi‘e‘i to serve
pointers of the recalc engines so as to start the

as %@@P&ﬂay REbadiments ondy plarawrber qrakadimenfaamasypslyanqusdhread may
process 1200 proceeds to wake operation 1230, which

require fgbald thrersls de pavsd 662t Wheresaeantnobthoessl formea isdetertieskly the
threads performrecal c operations on the reordered

asy@étabflousdead) ri ggeri ng the recal c engines, the contro
t hread suspends its own operations in sleep operation

[001313?011({VQQ§ He thilgSHRY Of tROBEA PBratidASdiBH TS, 10 kbove, a

no childréen were nmade in the reorderlng the entry or

gggatn'&*’ g?‘ocla& o8 f Eﬁe?ldml;éz \él‘glgbﬁxﬁ{bl&[ﬁl’ %n%fi’rfgglgs tﬂfe?ﬁ

ency eve as' re y operation

hi t t I
opefishiondesGbalih %Jﬁaij@amagﬁw%aﬁ%ew@iﬁriéf%@w%rﬁ%&%a In

the indices and pointers of the asynchronous threads
accqedapeq with gn embodinen of the Rerssntdnvantien.4he Heneabiapicied in FIG.

thread, are reset in
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 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



20 reset operation 1222 for the next dependency |evel.
Fl ow t hen proceeds to query operation 1226 to

deternmi ne whether there are any control thread
formulas in the next dependqﬁcy | evel . If query
operation 1226 determ nes that there are contro

thread formulas in the next dependency.level, flow
whigh geierBiney B gr i end fic ‘%ﬁ%ﬁ*‘%ﬂ% Vbl begifeaphed, poyhether the
the control thread to work on those fornula(s). Once
buffarderretde angine # hiscfully 3 queryoperitiani (34 sletesmines shaha end of a
asynchronous threads operation 1230, which triggers
depichéeney @dvieS hasfnot beenasydhiell add ¢Has thehjueasifor atvu thrbad ismepfull, flow
1230 and 1232 are processed as discussed above. If

pasaN® 16 BS&tHuk @PerhBP 108, & Whithhd thedadlcBpiifued i€ eViuAS/ENTS and
formul as, flow branches NO to wake operation 1230, and

Q6530 0 BRI SLRBS: B30 RO R s
e UL B ok oS 0 o e o e 455516 s

_ Which deternines whether there is a control thread

is fplbrilay passes YRS to fegeermenticountey operationohPlB o Dectsmenticangier
As di scussed above, a control thread fornmula is a

opcratiomdeareiieats theisouner 306 aif thet eadtrblthtdad. dosispeddingiteadn
as opposed to by one of the asynchronous threads. If a

opeg&itink Ol ret41E @Aginé GAlLinfonadshd? Eeittians @eckemchOihe bowneheEontrol
YES to nove operation 1212, in which the contro

thrdadro®8d 1f @E Gyl!lrgeﬂ SOETRY 8 afu@ ohdierfat “otePaRERNAYst b8 YBLrating, or

in the unified chain. By ving control thread
Af or.mul w.depend level. i ' )

sl B4R, A B PRI ey e T B bt pasmgpaed anc
rocessin I.nue despite the need to eval yate

eveB, 5 G onplSGEPaf G ieerean LBy eapRFainese conol thpey
proceeds to query operation 1216 which determ nes

coupres Oferrecdleenging #l srsyspented ingdgeproperatinn ¢830, foorimethes words, put
If there are other queued control thread fornulas,

intd $leep thoden ANeq, ey dperapiter V030 @eteamines whether thedohtnel thread
above steps are repeated. |If query operation 1216

couildr Q0PI WMal 1320."1 [FRh€ c@inter06 B £Kalae of r®P floWrteasthes YES to
formul as, flow branches NO to reset operation 1222,

g D el o R o D08 Rl (e 034 B walue of 0
. in f,the control thread) to.t ext d ncy
inccf5S P g N b ot SR ket of U GouB P BOE it have o
its operations, it first determ nes whether there ar&
valyg,of @gnffl% ibranchesOfte PassIoRerafian A6, i whichesoatiakis pgssed to
| evel in query operation 1226, and process 1200 then
recye gegiael§2+ ReealgEngine #2 puozedlstthroughy btep BB 8tbrayigh d 04& exhich are
above. [0055] If query operation 1206 determ nes that

analdpenetoathesendisausseidrabbvd for esvdlcfemgingl#ds, fl ow branches NO
to reset operation 1222, which resets the indices and

[00A9] AtpRscesd PIOOLOLiteaNAg theRBIACERdaldtRY &haindb detefrine hiecessary
1200 proceeds through steps 1222 through 1232 as

reofﬂeﬁﬁé' SRER @RQY Bontrol 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



[ 0056] While steps 1206 and 1212 in FIG 12 involve
the noving of a control thread fornula to a new
dependency |l evel imediately follow ng the current
dependency level, FIG 13 illustrates a | ogica
representation 1300 of this vement. FIG 13 shows
endency | evel #1(1302) and dependency | evel
8113 depictgfl imFIS3 1118 imgnded tascsere @Srﬁ%pm@éh efpbpdigrent only and
#2 Further, control thread forrmula "CT" (1308) is
in aboxg should bp eobamey as Bwvétingithe Opdratborki @fi shertyreatiai TurbB@4o FIG.
and chain 1306). As discussed, to allow the contro

111 5@ 8ferh@orPEI(205 MiGRBd Feowing ﬂradngg&hﬁgfo@ EVRHIAB008aST each recalc
embodi nent of the present i nventi on noves the contro

englﬂé.eﬁgmfl 9&%‘21:?(11#%8% Q05 Iobél%ﬁ‘&n h{)@ipﬁ&gee& tﬁ@fﬁ&érﬂ;’cked

read queue en t e contro rea

tri ere nmes contr per.at i
indrerh P aPr g on 1 AP SRR Fatng Bl BEaBREERE 15 sra‘?es down the
thread fornula to a nemrdependency | evel inmediate X
calcglatignFhain imigeratgoperation A £00 tprihe e%e&%éﬁ%%%%a%r fwough
FIG 13 thus shows the control thread fornmula 1308
thebibiraad-safeviecremeBdperdtiondd féntlpor yeacking theyadsighdd BN Tathe flow
t he dependency | evel housing C3 now becones a separate

pastepanglercypdratical 1 13 whidhl dgternidndsywisilkerclonéndodf thdvdgredency level
formula is shown in this enbodi nent. |In another

ha§9&‘ﬁ%m@& or'WdeEHeP ke PR ouk 'ﬂ’fr@a"%ﬁs %&Eru bESuffeR}is Qullp CIf the

noved to the new dependency | evel ternatrve Y,

en(? 8{3 H}g Eér{él%hce; llg(lglqg fiét?&ﬁjlo?rfctﬁg ésglngﬁr H&Ysetﬂ etaﬁ lqtugué)l\ém

ency

4 Iocate bef or.e de endenc IeveI
deierfélfgsji 3%53‘[ B3y PFOTOHB i AAHSES BatET GRergtng dypause
formul as are noved to the next dependency | evel
opgratien bl 6. HE nemmelrthesetilgmsaequiting paysinghie praserdaldie wercRssnk 00
at the end of a dependency |evel. Before triggering
pradeedsae yjnetyrapecation t1f i € sdischt detdomiyies whethen gtei formsula s 4 ¢omtrol
next dependency level, the control thread can first

thréi&d R¥HRLIE TR esha (BRI RrAtR i BoteeMifloN biahERBVES to queue
fornmul as that need to be executed prior to triggering

opExQﬁox@? YIFRARRQUSuds M@l ﬁ@é’a‘d'}g 14 9{15 [a%parrgté %ﬁffer, or queue,
for

formula to a separate ependency | evel
cofiftirt Y S RAERRE, E?crt Y ?ﬁer”r'é' @rﬂ;deke 5l % tﬁaﬁ The¥Biifila i
Wi | e sho cy | evel s,
ok HGIO] ressLIBR By D L, Prascnet NCLiRgUeRRORERLioRI L2 which
nat ure of the enbodlnent shonn herein is not intended
determingy Wheihiex e formula irHbe assgned EYT isidepersisatipsinan uncalculated
dependency | evels. [0058] An enbodi nent of the present
ENThvE thd query eperatigi Cl20|dgterajpres shean thedormulk i Glepeddent upon an
further allows for a spreadsheet application with
undaltdlhte® ESTE S5 KakchR @ WHS! thigBéue PinksPetioin 1422 GieRéin the

reference calculatrons (i.e., those cal cul ati ons
L
de r og‘gg“? Ptrsflé a un| Eﬁr ééé& I lgit [ 0[5 rﬂgeh Q%ﬁleﬁé Slg rﬂg&g%ﬁeranon

g eeRy B REb g Al S SR s
N B P R S AT B L

itself. To solve this circular reference pr obl em
[0050h Fellewing eypluatseand queeseperaiioan i Bhand/oro@2¢ prpcash 00 proceeds
circular reference cells to be taken out of, or
to dpeyattomnkElRdenh whiolmthetdperationd are gpassed itoreaald epgiae é#d. The second
single chain calculation, i.e., a calc chain wthout
child chains or dependency |evels, for calculating
using a single thread. Wth a single chain
cal cul ation, as opposed to a unified one involving
child rel ationshi ps and/or dependency |evels, an
|terat|ve functron may perfornrrteratrve calculatrons

Y e - o




[0059] To create a single chain calculation for
iterative circular conputation, the cells are first
placed in a single calculation chain 1404 as di scussed
above (i.e., based on their ﬁytry into the spreadsheet
1402). In this exenplary enbodi ment, Bl is first
eval uated and is determ ned to not be dependent upon
recaloyengingdierfogpisiprs 1 1R6through 1 142 gvhicdvae @h%ogﬂvar% thOA%drseussed
determi ned to be dependent upon A2 and is nmarked as
abdverin Peforgmes &' recaicl enging #hoparatidnsdi4 Haoegll tl24hai n so as
to becone a child of supporting fornmula A2. Moving
[005IMTugrifg flovk 4OFIC.012EpHocé, 1200 i@l Vingloshtidh direPopdeqivnsl for
upon Al. A2 is thus marked as "In Progress" and
redr&MGaHe f:z[l@ﬁ[hﬁ&?clﬁﬁ{ ﬁtcﬂbﬁ‘ﬂuﬁe&- 4@&d§1‘édtchﬁn Qbéﬂo%ﬂﬁ%bédr%hce

of supporting fornula . I'n'nmoving A2 he chi l
Wi
WI{(i:)lh in. ex etrﬁb%ggﬁ&}tp‘lf me%%teﬂkgﬁerf‘fb Sittag'abéeratgﬁ\xfe@%:Yg‘ﬁ%tﬁlage&jﬁvi@sponse
it is found that Al depends on A3 such that
to rré&gsr rpithg CentFl lﬁrraag EndENR §iartAPRTAtOD éag%ntherﬁ% progeeds to
is marked as "In Progress " and renoved fromthe calc
redispddyropEnien 1293 awhisk tidisplays theace]ls gh theApreagishepic00. Following
conpl etely di sconnected fromthe calc chain 1404 as
redidpbaynopenationd 202 qrdexse 42 @haroceetld @bquetn eperatiorel 204rwhible
process of iterating through the chain, A, A2 and A3

detéfrhine'@hether BERGES &Btent (&1 @%Ak?lléhbé’ef tHO Bt alcienmiBs. NH quer
iterating through the chain A2 and A3 mnF stiﬂl Y

0 é}gtl&{ifﬁﬁd% ?e?mn&ég tlEaft@ rﬁectﬁrles‘ﬁo &'1 t! ow bfhn@ﬁééeﬁ?s tb reorder

DFOCGSS these It e system eeps tra every

S wade a ild t her, fornul a duri
operpi b0 dEisrc BEiatiod LAY e Seneariens S Bafporiig Pinutas
all the fornulas that were made chil dren during the
intp chiddchaing withip @ atlipd: haine Once thig yeqsderingdsrompleted; gyery
marked as dirty. If so, that fornula and all of its
operhiiordt 248 deteamines ochether any thitdreravereahaden IfidoRlren were made, it is
calc chain without child chains or dependency | evels.
necElssasy fdralie ahlc opération tosdp@irun thrbligh tht4épeidedchOByelicontaining
then calculated using a single thread. If during the

thosé NV eHidrBh eRARS TiRlsCiflaghil®Or clRldrét ' Refeith&dél fibw branches YES to
reference is detected, the calculation may be done

e N e T R
b R SR A A e

is shown in accordance with an enbodi nent of th

wagke gpespiion R30nwhigh triggess the syenta of thg agynchrqngus Wr%ardat &hese
upon creating single calc chain 1404. From start

thregsis ipaxfoom rep4ltperations dothepeardered shain. §ipon epggesing dhre recalc
1414 which gets the first formula in calc chain 1404.

engingy, thetcenBplahfad suspAdsitd dvemogerad and tie sleéproperdtivnd3a,
Query operation 1418 determ nes whether the fornula is

[O(EZP ﬁ‘ dlﬁry%péi‘atﬁiﬁp@qgtdbféﬁrﬂn@g fﬂzﬂ ﬁo cﬂlfdréﬂ‘%efe%mél it thére@rdenng,

of” a supporting formula, branches YES t
the, e{nﬁ? I ggt?le ggri {Re ,‘%4‘?@9 r@ﬂg{l&{eﬁ)&egﬁ Hoq'c% & ‘?‘E élg)étl d} g%eh?)?level as

the f Chl of a su ortln fornu
renrfigaye PR pRal SR, T e pyisg R A i35 Aefnegrssiry To recal the
determ nes whether there are any other formulas in
ENdg veithim gherpummentdepgpdesey, keéglsulngead therindices gdgpaigsess of the
formul as, flow branches YES to get operation 1414
asynbhrohowsthrends, @s wiell as ehet congphintlex pfthe atynchioapus thodd, droreset in
eval uation. If there are no other formulas, flow
branches NO to get tracked fornula operation 1424,
which retrieves the first (or next) fornula which has
been kept track of fromtrack operation 1420. Next,
query operation 1426 determ nes whether the retrieved
tracked fornula |s strII narked as. dlrty If the

o -, . N pp—— 4 @ - —



chain 1408) may be cal cul ated using a single thread.
If during the single-threaded calc, a true circular
reference is detected, the formulas may be cal cul at ed
iteratively. Wil e the track%?g | anguage of "In
Progress” has been used in t s exenpl ary enbodi nment
(and in describing FIG 14A), any_marking or tracking
resgRRNEEH | Bh24a forjhe H%’édiep?tldﬁﬁ%b'ﬂﬂ%ln Eeowthen PECRSEES Reivey Poperation
of the present invention. [0061] FIG 15 illustrates
1226 toedeterpling yhetbengherenge anystostrolhbead fpmmlahindhe ngx dependency
present invention nay be inplenented. A conputer
levey, SIf gueryperatiohil 2P6 Besrngihed asthere e qunoobtsead fdfifidlas in the next
and at | east one recal c engi ne 1518 operating thereon,
deﬂfe%déﬁ@"@vél Nf16¥bratiches EES Yd @Bhid %ggraﬁ% 1204] Wﬁmlﬁ’allje%‘the control

n whi'ch a spreadsheet application 1520 is | ocated

r X0 kr)lgﬁosre] fconflti(gyr Bcl gtgﬂseegioggﬁjlta %&%X]ﬁ&%m é‘o%ggrocgeds to
T A L e T -

but not limted to, netic or optical disks or tape.
threadstand dlap stersni2BO0 @ﬁ@ﬂa@?garc Processgd ap disewpsedhative, Ifigiepy operation
renovabl e storage 1508 and non-renovabl e storage 1510.
127 degertnénessthat there anenb such fomudass floed tadndhes Nildto wake operation
nonvol atil e, renovable and non-renovabl e nedi a

123@%&1@ PRITEQA 200 pRoiéedEthRRGh Qtept e2FNE OAB21a0 distliREd govef
i nformati on such as conputer readable i nstructions,

(o633 3 ‘f‘teéﬂoéé*%‘ﬁ’é’ 3%‘?%52‘%8@*5 fRr ke B RlriclH e Gl ideues,
ﬂ%sttsﬁ railéa%a% 1&@558@9? e RO HpRe tﬁ-ﬁeéaamol

NE or ot her nmenor

thrp e {opiBbiag) e RRERR! o s £aniro) e 902 AR FRaSTBBp Ve control
ot her optical storage, nmagnetic cassettes, magnetic

threathlormpiags e formudid thiat musgrtegaaloated byi¢he mnéthrcads aoppyecd to by
devi ces, or any other nedi um which can be used to

onsbdhthe abyiehrbasig thikaslpr Hadohaol theaald folnatla bas beeh quemid] flow
for exanple, and which can be accessed by system 1500.

braﬁ@HeSSY'E@ tERTPSIbFratidnOr A8 inWRlL iR (HERYnR6] tRfal f&’ﬁmﬁa/ ftftWed to
00. Depending on the configuration and type of

thecrﬁ-:'i[pﬂlé eH@exﬂg\f vefin tﬂ@ﬁﬁffﬁé R4, ﬁ?&mﬁ\g{%%rﬂdl kiftead formulas to a

non- V at or sone CO i'natio

e TR G S0 R ol el SRBRL B R St v

nodul es or other data in a nodul ated data signal such
Progessingcpy FUpinga despife the nred to pyaluate p cone] pirgadfarmylp. From

includes any information delivery nmedia. The term
movaogeration 42 IPa flawsprgeesds tonprnsoperatigni16twhich determines whether

nore of its characteristics set or changed in such a
thef@meany athet corttrut dgead fokanlagt Ifahere ard dikersjugted conbiyl thagad

of exanple, and not |imtation, conmunication nedia

foﬁrﬂﬂiztsuﬂ&% brarches YBSYitGq8dts Bpéﬁtl@n ‘I\Q(ffﬁﬁdrtﬁé LS s&rps are repeated. If

thrie%i

direct-wred connectl on, w rel ess medi a such as
qu%g?r)@&tah?n ééﬁ;ﬁ de%tgtfn[t%setﬂatEtﬁ %)ove S g‘ﬁf’ hp&g'fgrmulas flow

W thin the p f uter r ead bIe ne
br%%f‘éﬁsg%esﬁﬁpfaé@n 1297 apieh el Breringls S e
connection(s) 1512 that allow the device
asynghronapchreadsang the srsresprdingeeontialimdex etﬂetlp |C9ntr<tldhtea<wp the
content into the cells of spreadsheet 400 in
nexigleperdigneelevélt h an enbodi ment of the invention, system
1500 may have input device(s) 1514 such as a keyboard,
nouse, pen, voice input device, touch input device,
etc. Qutput device(s) 1516 such as a displ ay,
speakers, printer, etc. may al so be included, in which
such devices may be used to display the spreadsheet
400 to the user in accordance mnth enbodlnents of the
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27 [0064] Simlarly, although this disclosure has used
| anguage specific to structural features,

nmet hodol ogi cal acts, and conputer-readabl e nmedi a
contai ning such acts, it is %P be understood that the
subject matter defined in th®& appended cl ai ns is not
necessarily limted to the specific structure,

[00543 Befars theggongrabithzead sysnendields pRerations, iRHs é@tem@lﬂes whéther there
specific features and acts descri bed above are

aredinycioneldtheead doramybasain ftivr mesxt dépeindpricyrievel imguery eparhtivmE226, and
For exanple, while two recal c engi nes have been

pradessUEA00ak@Opradetdsl ticughskehsi 1226 airbughx E2B2l adrdyscussed above.
enbodi ments, any nunber "N' of processors and, thus,

| ul ow
[0653? Y (‘ifueegg ﬂr)” Q8 5orC PO6UREMHRE that e 8K inb c%ﬁtrblﬁhfeﬁ@ f@ﬁﬁ las, fl

ze ot her enbodinents or inprovenents t

bra%cﬁesvﬂlb% pes%.lﬂo (E%Bel 2@? wl%@l!) Hsgtfs ?ﬁe 1&1?.1%9,? % é(ﬂltlters for the rnext

Invention FTore ““tne Specrtic struc
R R T S bl T
d1sgszs|egSl§jov2y t he appended clains. 28 Cains
[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).



WHAT IS CLAIMED I S: 1. A conputer-inplenmented nmethod of
processing fornmulas in a spreadsheet application, the
nmet hod conprising: ordering, by one or nore
processors, the formnul as intg a single calculation
chain; attenpting to evaluat a first formula in the

sin ecalculatlon chain i f the fjrst

[00575} ﬁ\ﬂ‘%quém%ﬁyéﬁ’agﬂlt th{ﬁﬁé ﬁowurlaswg% moy e the ﬁ@xtfdsp?ﬁﬂeacy level
in the single calculation chain, noving the first

becdesssheleontrof thread wilt be the diireaciwprkeng atdhe ofd afteedependsncy level.
supporting fornula, wherein the noving the first

Befdepeipgderiig theasicArdnoud thécadbtd begwsvdluionoin theaektidepéndency
supporting fornmula results in a first chain conprising

levélhﬁxcfcbﬁt%l tHRAE DAEREst HQEMMh@ whBMef thBrel dré 8y SOHRRP tHréddFormulas
formul a;

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
A1l 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.




attenpting to evaluate a second formula in the single

cal cul ati on chai n; if the second formula
i s dependent upon a second supporting formula in the
singl e cal cul ati on chain, z%ng t he second dependent
formula to a child position t he second supporting

fornul a, wherein the noving the second dependent

[0059] el cacaipa sinslechringalsylation ot itsrativeizselabrrRmBLpia: therglls are
fornmula results in a second chain conprising the

firg ptoad iegegld ealcufatomuhan d4@4 4shiiscissedralosei(eq baseden their entry
formul a; attenpting to eval uate al

inth eHegpreadshieat 1402).S IMGiseexeaipld) 8ibedinehe Bl ik fikdtlevA8&Bd and is
dependent formula has been nade a child of its

det%ﬁﬁﬂ@& Fd N& b%‘élg]?% oB%gB Har FRBRIL! Next h@oﬂd& o (8 chain,
to

eval uate al nprlses at't enpt |ng
| uat e

rnu a i

A3 BriihiRad q 06 ddpendinf Pich a7t S et e TR SRR
third supporting formula: noving the éhlrd fornula to

from thgicplg ¢ B%@.anaé brcomee qhidof SuRRopEna fo nMgving down
determining if the third formula is al so dependent

chaip dA0Atof BNT AR, dhip ﬁmndlthﬁg Adepands upank i A2 ishibus marked as “In
supporting formula is uncal cul at ed;

Progress” and removed from the calc chain 1404 to the child position of supporting

a I” ﬁmg is removed

formula Al. In moving A2 to the child position of Al, A2 takes A3 with it. Next, moving
down chain 1404 to A1, Al is attempted to be evaluated. However, it is found that A1l
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 aresult, A1, 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, A1, A2 and A3 will not be
processed. Consequently, upon finishing iterating through the chain, A1, 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.l 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.



if the third fornmula is al so dependent upon a fourth
uncal cul at ed supporting fornmula, noving the third
formula to a second dependency |evel, wherein a first
dependency | evel conprises hgp first chain and the
second chain, and wherein t first dependency | evel
i S separate fron1the second dependency | evel;

[0060h Lumingpow (R FIGC-f1ABs Progesscléd § é@r Teggnng 7 Eqlc chain into a flat cale
within the first dependency |evel, wherein the first

chain frgwssibleconpai séaercefdetestion enchévallation dvshemgi in @ccagdance with
processing, by a second processor, the second chain

an éinbbdifmehhef the peeserfiependemctatteipetation 41 Bishinitiaedspow otating
processor conprises a second recal cul ation engine.

s1n%}e cAREhaRRIO e ?F‘Férﬂ@s 3 rﬂg:@fa%gn T4 fqge ﬁéwﬁ) &!e@&‘éjto f%ét SpedhtiBn 1414

wherein a f pporting ormul a has a

wh?ﬁil eg%&dtﬁ?ﬁrgt? J%Ul?{nﬁ&gz &1&?}1{ dié%dtil sﬁgﬁﬁg Iéthl{élh%ll@d%B%valuates
i i e RO PR Y e 5P steg i Py ds a childof a

processors to cal cuI ate fornulas in a spreadsheet
suppogifigdiermelenpl the fergulatistachilil of A guppesting sepaplagflow branches YES
processors; allocating a recal culation engine to each
to fpackopssanion 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



30 mai ntai ning a control thread to
synchroni ze the processing of the recal cul ation

engi nes; ordering the fornulas into a single

cal cul ati on chai n; attenpting to eval uate
afirst fornmula in the S|nglé cal cul ation chain with a
first recalcul ati on eng i f first

chan,}408) may de &é&samrémsmgﬁo%%le thread 1€ dping e ﬁ@lg eohgRded cale, a

noving the first dependent fornula and the first
truestipppbar réfegnéois deteateti othe foprelas tay be ¢edculated iteratively. While the

recal cul ati on engi ne; attenpting to
trackirg] lugduage ofs dadnogrta? s Becnrusédin thisregbmplasy embadiment (and in

chain with a second recal cul ati on engi ne;
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 FIG. 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 FIG. 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




if the second formula is dependent upon a second
supporting fornula, noving the second dependent
formul a and the second supporting fornula to a queue
for the second recal cul ati on,engi ne;
continuing to iterate down tH singl e cal cul ati on
chain until reaching the end of the chain; and

megiafapically emhodipecanamitteraradahledagiructipes, aiasEyctpess, pragram
first and second recal cul ati on engi nes based on

madiejes od ethiet datp proa modglated| data sigreh sy, aswhvarrgr wavh er bihestransport
dependent fornula is made a child of the first

meBHERGH khd thcluPesuh Pinddithanbe delivery hedse qbedergenasdidatd data
fornmula is made a child of the second supporting

e T Suin SO ol L AR SRR AT
main%grea{sfto & ielin o%auacmtilqitﬂedsigﬁjaﬁ).pgrytv&a%ffe%%fe?and 1;3’th 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.




5. The conputer-inplenented nethod as defined in claim
3, wherein the nethod further conprises:
if the first fornula is dependent upon a first
supporting formula, marking }pe first dependent
fornmula to keep track of it; det erm ni ng
if the first suqurtin formula i s dependent upon the
[0067} Simidpslye Aleangh s ﬁg;pg);sure has used languagg spegidicitp siyctural features,
supporting formula is dependent upon the first
methedelogial adts) andi tempurer-icadabl¢ mediaicostairsupaohtactsgit is to be
formula to keep track of it; upon
undersib&hihagtht ketjadtintgtet Béfnedhin tHeappeidbde] Gk ¢4 neesarily limited
chain, retrieving the tracked fornulas; determning if
to tE Xpé%ifié sﬂﬁmhﬁé%&&?fe&&ﬁé@ Predia %e%}riﬁ)ka’ herein. Rather, the spdcific
any of the tracked formiulas are dirty, noving the
dits ild.or childre

rea Rl SR B e aflantp SRl ey fjpbiblhing the
claidrr?ép ef%?‘%g%plle,e v\(/ﬁilléc’ tvs;/o r%gglc 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.



calculating the flat calculation chain using a single
t hr ead. 6. The conputer-inpl enented nethod as
defined in clainB, wherein the nmethod further

conpri ses: det erm ni ng whet her the first
dependent formula is dependéﬁt upon an uncal cul at ed
second supporting fornmula; and if the
first dependent fornula i sCldmendent upon the first
supporting formul a and dependent upon the uncal cul at ed
second supporting fornula, noving the first dependent
formula to a separate dependency |level. 32 7.

ThewapApys e AV fent ed nethod as defined in claim3,
wherein the nmethod further conprises:
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;



determ ni ng whether the first supporting fornula has
both a first dependent fornula and a second dependent
formul a; and if the first supporting
formula has both a first dependent fornula and a
second dependent fornmul a, n89ing the first and second
dependent fornulas to a separate dependency |evel.

8. The déthsuhied formplziseapedensipood thisd sifportang formelaai m
3, wherein the nethod further conprises:

det er mi ni ng whet hesviideheehiad formnla tbar childysositiontdiehe third
calculation chain to be perfornmed by the contro

thread opbyortiafforfRYd;ng a control -thread-only fornul a
to a separate dependency | evel. 9. The

conmput er - i npl ene Eg > . ' . clai

wherein a contr oIrHF rE@g%@ﬁ%rgﬁfmg?ssﬁ%%eﬁé@egt gona
dependency | evel | diately fol] oy ng a current )
dependerr]f(‘:’émln S{Rporting Oﬂn‘?lﬂo‘?vf\‘/eFﬁ‘@ tli%%b‘ﬁ‘géflpﬁ’%%?%ﬂ’ﬂ‘?d‘s
met hod as defined in claim3, wherein thread

oper at i omsalgplatede first recal cul ati on engine are

suspended when the thread reaches the end of a
dependency | evel .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;



11. The conputer-inplenmented nethod as defined in
claim3, wherein thread operations of the first
recal cul ati on engi ne are suspended when the first
recal cul ati on engine's queue is filled. 33 12.
The conput er-i npl enent ed nmetlod as defined in claim 3,
wherein a control-thread-only fornula is placed in a
queue f omaigtpiring o contielghread to synchir@nizg the processing of the
conmput er-i npl enented net hod as defined in claim1,

recalbdagonmedghresi hi rd supporting fornula is itself the
child of the second supporting fornula, and wherein

the fou rérﬁeﬁr&goﬂﬁe 'féﬂnﬁ@asfiﬁ{ofﬂﬁiﬁglé Salbl1a@dd caly® child of
the first supporting formula. 14. A conputer

oxcacut qoErirR N EA PR okl s SRPR:Etagon chain witha

._processor performa nethod for using nultiple
flrsgﬁe%l‘é‘élé‘%?“sg'igb“ecal culate fornulas in a spreadsheet

program_ the nmethod conprising: determning the nunber
of proceéwrfyst 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.



all ocating a recal culation engine to each processor;

mai ntai ning a control thread to synchroni ze the
processi ng of the recal cul ati on engi nes; ordering the
formulas into a single calculation chain;

attenpting to evaluate a firdk fornula in the single
calculation chain wwth a first recal cul ati on engi ne;

i f the f iThetofmputersiraplementeq aretterntt asulefinedinfdlaist 3, wherein the
supporting formula, noving the first dependent fornula

meditill fultBerf doffprisédspporting formula to a queue for the
first recal cul ati on engi ne; attenpting to

et o RS ek ot oA AR 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.



34 if the second formula is dependent upon
a second supporting fornula, noving the second
dependent formula and the second supporting fornula to
a gqueue for the second recalgul ati on engi ne;
continuing to iterate down tMhe single cal cul ation

chapn untjl reaching . the end of the c¢hai.n;_ an .
or dér i ngffhwrflmercmlwe?nt%megeé a H%f%zfgiéa @galmgn» whegin the
first and second recal cul ati on engi nes based on

methed dwitlatcompppest t i ng rel ati onshi ps, wherein the first
dependent fornula isa child of the first supporting

fornmul a determihimpeihetticn ehesfersosupporing iokamntla hay buth a fire dependent
made a child of the second supporting fornmula.

forfla ahd@ se@sildcpendehPici@flaTRAL UM as defined in claim
14, wherein the second supporting fornula is itself a

child of ifand fiit gxp?)URHl%rthﬁ‘lga had B0th 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.



16. The conputer storage nedium as defined in claim

14, further conprising: if the first fornula is

dependent upon a first supporting formula, marking the

first dependent fornmula to ep track of it;

determning if the first supporting fornula is

dependent upon the first dependent fornula,

if the first supporting fornmula is dependent upon the

first dependent formula, narki ng the first supporting

f or bl a The ¢asepyterrigplenagnted method as defined in gl‘gtm 3, wherein a

finishing iterating through the single cal cul ation
conabhihneadr@tly fermiubagistpheed irax geahe ffor sweh fermudlest er m ning i f

any of the tracked fornmulas are dirty;

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;



35 if any of the tracked fornulas are

dirty, noving the tracked fornmula and its child or

children to a flat calculation chain without any child

chai ns or dependency | evels;,and calculating the flat

cal cul ation chain using a single thread. 17. The

conput er  storage nediumas defined in claim14

further Hdhpecondfprmulisdppander) upRe e sesondisappqriiag formula,

dependent formula is dependent upon an uncal cul at ed
moyingdhelsesang denendent formmid and thadecond supporting forinpilatth @ queue for

first dependent fornmula is dependent upon the first
theseqpdrrecataildtionrangmeand dependent upon the uncal cul ated

second supporting fornula, noving the first dependent

formula t@uiuiiftRsictfe ASRCHIGTHe LAt fhtion cla%m uﬂi‘ﬁ3 reaching the

conputer storage nediumas definhed in claiml

rising: determ ning whether the flrst
enéﬁ%%ggﬁlnégpornula has both a first dependent fornula

and a seco endent I f the

F1rst SuBRBRERY Do Hd Bisdietes for te frafodasand
formul a and a second dependent formula, noving the

recpliculgtion prginesdprd eredaps SYRRORN Zrglatignshinse pheweinsthe first
dependency | evel .

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.

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;



19. The conputer storage nedium as defined in claim

14, further conprising: determ ning whether there are

any fornmulas in the calculation chain to be perforned

by the control thread only; f5nd novi ng a

control -thread-only fornul a t'o a separate dependency

l evel . 36 20. The conputer storage nmedi um as defi ned )

in clai nifaay oﬁﬁ@rt@achggf%mmas efe-dirthirmaaving foyirackediaramulasand its

noved to a dependency level imediately follow ng a
chitberrohiltiredep e fdecaiyul hittonedhain 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.
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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.





