MULTI - THREADED SORT OF DATA | TEMS | N SPREADSHEET TABLES BACKGROUND

[ 0001] Spr eadsheet applications enable users to view and mani pul ate tabul ar
dat a. Forwexanpi3ey37a spreadsheet application can enabl epPaTasesi1os495 ew and
mani pul ate a spreadsheet table containing rows for different products and
colums for different warehouses. In this exanple, the cells contain val ues
indicating inventories of the products at the warehouses. In many cases,
users want to \e1aRreREA RS SORMOF OWS Al TTEMY REsIgieabsiap AL EQNt i nui ng

t he previous exanple, the user may want to sort the rows in the spreadsheet
t abl e based on how nuch a certain IepRUY® X ont ai ns of each of the to
products. o9} NersfakEiker HEfERiREhHIONRE APLiEw! AaSRifip e Rl s, [ N
spreadsheet tables. Continuing the previous exanple, the user may want to
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t he process of sorting rows 1I°'n a spreadsheet table can be relatively slow
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performed on a r sheet table. In the sort process, data ite in the
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the bl ocks are sorted, nmultiple nerge threads are used to generate a final
resul't bl o RMIRE F FiHORLmp NG ST SEM OGNS S 8 coRmyR  BSEhicadsiesh | n ¢ he

spr eadsheetaplabk&t onfRdGhm@dh dfichBh PR dhdeadschl oF ik whEiRatkst hat nmerges two
source blocks to generate a result block. Each of the source blocks is

ei t her one [#102} he Bdprige apmerdshses tagles.dhe PIOFCSE I9E SPTHBLTAVSHN GRS ¢hbeRd tabled by
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table is then di splayed. The data itens in the sorted version of the

spr eadsieetliseusitgs e esor Heme@rtagcihe dpviy it o erradihaertable. Eprscaigndy.iiténs in
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sel ection of concepts. These concepts atpe urt her descri elowin the
Det ai | ed Description. This summary PEMMARY nt ended to 30i dentify key

et o, CiRES™ Ay LR k16,51 RG-Sl ALl e L1
mat t er . items in the spreadsheet table are divided into a plurality of blocks. Multiple threads are
20  used to sort the data items in the blocks. After the data items in the blocks are sorted,
multiple merge threads are used to generate a final result block. The final result block
contains each of the data items in the spreadsheet table. Each of the merge threads is a
thread that merges two source blocks to generate a result block. Each of the source blocks
is either one of the sorted blocks or one of the result blocks generated by another one of
25  the merge threads. A sorted version of the spreadsheet table is then displayed. The data
items in the sorted version of the spreadsheet table are ordered according to an order of the
data items in the final result block.
[0004] This summary is provided to introduce a selection of concepts. These concepts
are further described below in the Detailed Description. This summary is not intended to

30 identify key features or essential features of the claimed subject matter, nor is this

summary intended as an aid in determining the scope of the claimed subject matter.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0005] Figure 1 is a bl ock diagram
illustrating an exanple conputing system [0006]Figure 2 is a block diagram
i 1l ustratwogonrm3eyanpl e alternate enbodi ment of the compariusgoizpsisem
[0007]Figure 3 is a flowhart illustrating an exanple operation to sort a
spreadsheet table. [0008] Figure 4 is a diagram show ng an exanple thread
tree. [O009]Figure 5is a flowhart illustrating an exanpl e operation
performed by a |eaf thregdupESORIPASONRIIOTIIE ORMESENGE a sort process.

10[ 0010] Figure 6 is a flowchart illustrating an exanpl e operation perforned
by an i nconffl0él e iHewrildy a blnelediggramalub ratmiegcaampl §oraputing Wit t
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by a 15rrerrtﬂr63p0n°@n@wretnm thread during the nerging phase of the sort
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table.
[0008] Figure 4 is a diagram showing an example thread tree.
[0009] Figure 5 is a flowchart illustrating an example operation performed by a leaf

thread during the merging phase of a sort process.

10 [0010] Figure 6 is a flowchart illustrating an example operation performed by an
incomplete interior thread.
[0011] Figure 7 is a flowchart illustrating an example operation performed by a
complete interior thread.
[0012] Figure 8 is a flowchart illustrating an example operation performed by a

15 memory management thread during the merging phase of the sort process.

[0013] Figure 9 is a block diagram illustrating an example computing device.
DETAILED DESCRIPTION
[0014] Figure 1 is a block diagram illustrating an example computing system 100.

The computing system 100 is a system comprising one or more computing devices. As
20  used herein, a computing device is a physical, tangible device that processes information.
In various embodiments, the computing system 100 comprises various types of computing
devices. For example, the computing system 100 can comprise one or more desktop
computers, laptop computers, netbook computers, handheld computing devices,
smartphones, standalone server devices, blade server devices, mainframe computers,
25 supercomputers, and/or other types of computing devices. In embodiments where the
computing system 100 comprises more than one computing device, the computing devices
in the computing system 100 can be distributed across various locations and communicate
via a communications network, such as the Internet or a local area network.
[0015] As illustrated in the example of Figure 1, the computing system 100 comprises
30  a data storage system 102, a processing system 104, and a display system 106. It should
be appreciated that in other embodiments, the computing system 100 includes more or
fewer components than are illustrated in the example of Figure 1. Moreover, it should be
appreciated that Figure 1 shows the computing system 100 in a simplified form for ease of

comprehension.



100141Figure 1 is a block diagramillustrating an exanple conputing system
100. The conputing system 100 is a system conprising one or nore conputing
devi ces. w®280/1368d herein, a conputing device is a phyectalS2otasypbl e
device that processes information. In various enbodi nents, the conputing
system 100 conprises various types of conmputing devices. For exanple, the
conputing system 100 can conpri se one or nore desktop conputers, Iaptop
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various | ocmw ofis semel ee@r?ﬂmwn@atle Jata Sépr@g@rrmmét)z oREprgs warekor siweh as t he

! nterne , %Iﬂp&tgcl‘@adaﬁfe%ta@?otr%n%gba[ t99[]a§4 ﬁbb?l—ﬂralnggﬁtt rE?jttaﬁgle t{/.beg BFCO%@S'{%PL% g_)g 2

Fi gure e conputing syst conpri ses or age
a proceSS|mgddysﬂanw1@4$Iaﬂm1amhdspmamnsyeﬂenwmmalGL%M$heuﬂdﬂbewappreC|ated

that in ot ?1?{% rrbotgcla scs (cl; %f %&S%thﬂgl)gyﬁfu%”%i}gl gur eﬁqﬁ %reetc r fewer

conponent s e exanple oV it
shoul d be armgneﬂmldwkeda g. J'laﬂrd Fklgdiives, flophpdiskd, be.).cotip sthicmaensy g tiewitel 0Og. | n a
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mediumis a qﬁ3|cal devi ce orﬁﬁrtlcle of u is.c b] e of

re that a
storing daf€dte date sfogse medgm C?}Bﬂ"ﬁ‘tr‘rFaéin@ﬁfatal §er %?n‘@efg?rﬁtﬁo‘il aﬁ‘tt t he

dat a StOrag@o§M§h&ﬁ¥%Q§a@ﬁ&@kkﬁﬂﬁsOne or nore conputer-readabl e data
storage nedia that _are non-transient. Exanple types of conputer-readable

data st or ad®1Fkdi alliencdaifdestPragidonissil el riisies yComRAIGY-readablel- BiIryetinghor v
(ROV), opt Iréiﬁése&ungvasspteedaea a dé’@&osD\tQ%@m@tﬁtB’@a{m@t@%ere HRDVR dbses

etc.), magnetic disks (e.qg. d disk drives, floppy disks, etc.), solid
state nénoRysieeVi0gecomnsisg. morq alsaﬁ ARATEPP WP edgple @@R@t&e fiedipg, “the

pr 0gr ameblgi, 4aLE-ALHRY Gns @B O r@sci e SHE PRagGEROUpARIIS: VRS &xd he data

storage system 102 conprises nore than one conputer-readabl e data storage
medi um t hdistdwisdtasross duelabimwrelaf thestompatgerqrdaila detp stogdestmédmyt & other oss
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conput er-readabl e 1 nstructions representing a spre eet appli 1 on 108.
I n sone enbadibientas \mmge mhdudatthe sbmpatgerea®blesy®tre¢non92remwpnm§ dke nor e

than OE&?I on a’&sﬁget L e 10nelog%¥e stesre&) rr%g Iogme co ut%lO %@atb?e dattaesqgr%bl N

instru rep e s prea she tap ar'e di stti but ed
across tw0n&nmnnre of the conputer-readable dat a storage medi a. In other

enmbodi nent he data stora ste 102 cO is t han.one
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representi ngitd h&OROthrSt@ﬂleadShE@bllﬁﬁ@ély cathleopro&&&ngr enist OI®Y om wfboys one of

t he conputer-r dablﬁ data stora dia..100181The roc Ssi ng system 104
gy ! oty
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(col | ecki V@'oﬁ/exanﬁﬁ&th@'i)ﬁﬁ:@s%ﬁﬂg@ﬁstéiﬂ 108 cah@mprisd dheVi@lol RMS eight, sixteen, thirty-

two, sixty-four, or other numbers of processing units. Each of the processing units 110 is
a physical integrated circuit. Each of the processing units 110 is capable of executing
computer-readable instructions asynchronously from the other ones of the processing units
110. As a result, the processing units 110 can independently execute computer-readable
30  instructions in parallel with one another. In some embodiments, one or more of the
processing units 110 can individually provide two or more logical processing units.
Computer-readable instructions can independently operate on the logical processing units

and can otherwise act like real processing units.



enbodi nents, the processing system 104 conprises various nunbers of
processing units. ns For exanple, the processing system 104 can conpri se
one, two,wbaory/13e43ght, sixteen, thirty-two, sixty-four, por/usthieningnbers of
processing units. Each of the processing units 110 is a physical integrated
circuit. Each of the processing units 110 is capable of executing
conmput er -readabl e instructions asynchronously fromthe other ones of the

processi ng (40ibf S 1R diffa@syskItbe id @%yg%n@%‘eﬁswae%bée%sﬂgl@ysfea{l 104 t0
i ndependent| y execut e conputer-readabl instructions 1n Bara lel with
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Conput er - readabl e instructions can i nde operate on the lodical
pr ocessi ng syntdn $0egeenpeiags acardrdyaaiinserfage pn fiklenlmal processing units. WD
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i nstructions .t hat pr.esent readsheet | i cation. 108.

conput or - adelispie | GEr T ePleatiSy RRESRERY EBwPPy b 585 bbb i s at § on
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100 to proyide the spreadsheet applicati Oﬂl 108 The heet application
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sci ent|1T5| C aateaentqslrmaﬁﬁb @t her type of sortable data that can 15be presented
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vari ous data types. For exanple, the values In cellsS can be in
nunbers, resmmetireraucs i ¢l pﬁgbepoiemr nymhierrsal namberanflneting pointeyum ltSri ngs,
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[0022] The spreadsheet application 108 is able to use multiple threads to perform a
sort process on a spreadsheet table. A thread is a portion of a program that can run
25 independently of and concurrently with other portions of the program. The sort process
can be performed on rows or columns of the spreadsheet table. For ease of explanation,
this document discusses performing the sort operation on rows of the spreadshect table.
However, it should be appreciated that, unless otherwise indicated, discussion in this
document of rows is equally applicable with respect to columns. The term “data item” is
30 used in this document to refer generically to either a row or a column.
[0023] The sort process sorts the rows in the spreadsheet table. In various instances,
the spreadsheet table can be a complete table in a spreadsheet, a portion of a table, or
another type of spreadsheet table. Furthermore, in some embodiments, a user of the

spreadsheet application 108 selects the spreadsheet table.
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sort process on a spreadsheet table. A thread is a portion of a program
that can run i ndependently of and concurrently with other portions of the
program Wbeos3693pr ocess can be performed on rows or ceCmss010/0314be
spreadsheet table. For ease of explanation, this docunment discusses
perform ng the sort operation on rows of the spreadsheet table. However, it
shoul d be appreciated that, unless otherw se indicated, discussion in this
document ofj2aps | Sur@@tit, MnMérﬁ@o%ﬁenw s Pl%&l?sﬁ&tt tdbR &aﬁ'bb'g{ﬁﬁfot bR, term
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which rows are sorted. In a sort operation on columns, the columns in the spreadsheet

table are properly ordered when the columns are properly ordered for each sort-by row.
30 The term “sort-by line” is used in this document to refer generically to a sort-by column or

a sort-by row.

[0028] Each sort-by column has sorting requirements. The sorting requirements

include a relevant property and an ordering relationship. The relevant property can be a

variety of different properties of cells in the sort-by column. For example, the relevant
5



30 The term"sort-by line" is used in this docunent to refer generically
to a sort-by columm or a sort-by row. [0028] Each sort-by colum has sorting
requi r emewo11M3e9330rti ng requi renents i nclude a rel evarCTaSo@eans349and an
ordering relationship. The rel evant property can be a variety of different
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of the sec6fl- HdgR@st 1 omecbodinentsya eser efrfc Seasedshsst a@ﬁhcarler]g(é? is ehletq ows are
properly okged et foﬁfby%oﬂhl\ﬁ@ﬁ'ncﬁtﬁé gorharg QUi MIS the {RLLERYuAMO T OWs havi ng
the sane rel evant properties in cell 20 of each higher-ranked sort-by

col um, 15t hé0®Bb ro els@rereereymtllﬁele%mbr aefumag; thosertdycelugms plsdadicd-ehhs or t - by
col um. Th?o&é"’ﬁl {hg\gﬁreﬁﬁasthbéftyblé hg Me&'fﬂ& Jc@ﬁr%ﬂnfgecm%ﬂé Sorfthg tf&l‘ﬁlr&hééﬁsnoﬁo” by
col um when a ering relationship f e given sort- col um hol ds
true for th@hpelrexkahﬁorbbsop@umy th¢n aqqerdmgdo ¢les] Jorting rOQREMARLS @éﬁ@rsmed in
detail elsg i ' a I 08

di vi des theﬂggﬁgm%ﬁd%ﬂ%ﬁsgggageﬁg%t tab E%hﬁ%hg%%ﬁgféj?&§I&?aﬁ?g%ﬁi

bl ock is agsenswfbyoManh@hmebrawaockwmmwnmeh¢hmughkvampasmaasmukﬂer

spr eads)iee i e r h of the
bl oc kssﬁlas bgé%glh%r%ler %nl?e%”%n%%”%@mn i %‘”01; ol r{bﬁl grﬁ%%? qt““?sﬁ‘ee“tsan the
nunmber of gn@n@@ﬁbhgdumntﬁhaﬁﬁnmﬁmsmmsyﬂwmhenguﬁmemn@ﬁs&ﬂmmgﬁm1snemMal to

th mb f th ts th ) 104.
[O0s2] A 1 &oepha B g ol Hatrim g b set T RE SERPP I RET I <2

bl ock sorthagmph@S@wamﬂmngobﬂe bl ock sorting phase, the spreadsheet
applicatio uses nul.tip ock sortr threads to sort the.rows in the
bl ocks. i"ﬂiﬁﬁb g%f‘esb‘il'??ékn g?}?‘{‘ Fhij”lteFFr‘él dpimegly e SPEraYhEct AapisaH b

bl ocks.»s ant)s aivideh e bboCH tBOIpkdalghebiiRatiSo PRFALES Hl@kS OA bldcRWSa sdhoeach of

t he bl ocks. WD 2011/ 136937PCT/ US2011/ 032495 100331After the block sorting
threads softWt hélepeRast PICk fan heolhrught 1of s s pinallsr pesadshestt @bls: allnedefi ng

phase. Durich8odiRentiBhdHebeP BRRSs it BRh PR BURRER haRRRh it unMar JOBWWRES
nultiple merge threads to generate a final result block. The final result

bl ock cont #ienpresdihgetgpble ad theymimbsr pharosgspiaa gatiedto- t Abmest, fiigerumdrsof n t he
final resulp, Rl QefuaplGnPhINRE b%h%f%%és%ﬂg uls&CN 0% the Iﬂ?oc@é%fng%ﬁtgﬁ gafs is a

thread that nerges two source blocks to "generate a resul ock. Each of
the souwfce [M38kks sdfteraheromgerre Hivilad itahlogks Hersoierasass cfery hbloslorqre@g bl ocks

gener at ed Bt nepihack, SAUL QLRI NO BRI LLIRLORK ASRer atedyDY

anot her on r e threa of ex source
t hr ead canbbmkhmbegﬁmmﬂed)@mnhkemqem@mdﬂ@d&byh¢h@nMﬂoékbdomHhmgmﬁhdeads I n

anot her ex?srggllugl’to Eh%erluﬁl%grro%%lol%Lsg Clifa%h 8f th block sorting threads operates to sort rows in
each of the blocks.



10 merge thread can be a sorted bl ock generated by one of the bl ock
sorting threads and a result bl ock generated by another one of the nerge

t hreads. WO 29e1136930t her exanpl e, the source bl ocks of aPrgEmgeotisBasl can
both be result bl ocks generated by other nerge threads. [0034] After the
final result block is generated, the spreadsheet application 108 15outputs
result data for presentation to a user of the spreadsheet application 108.

The resul t | OBBR | SAHEPERURRE sOMin@MBIH &bt Ghe FRR HAMSbloBKst AR Jokbekesul t
bl ock. [0035]In various enbodi ments, the spreadsheet appiication 108

out puts varchigs mygws nheser d3yiing thpmarginggthasex tpsprsadsheet %@hsa%kﬂﬁu Wents, the
spr eadsheet,, aanl hieak! tﬁl%acifot% Lh&BkaYfna {8k tb‘f&kveﬁhé gt féfsuﬂé B§c1§ PERARS heet

table in which rows in the spreadsheet table 20 are ordered according to
an order ofeachhd theoiwsysiim thewereﬁdsmﬁt tabdes uThe roive ek the Fpk s tndeck arg nrogcfhve

enbodi mgnt %rde}elae Eﬁﬁa‘é ot 1 Sgrr%ét}ﬁ(pa% iscaatfnle%i]th er &QWO§Fﬁ§%@Q%Q6 %Qil er m)r e,

report Show ng rows in resu
in sone erﬂwd]t irkak.s Fathhd theswukde Maoﬂowrgeohremwmcn Heyonlermtﬁthsvckert@d | of

the rows i eet, table, |nstan tdaais
orsumed byIokheeBReE Y AR08l bk 3P4 RREPROIDEL Sl By LiHirlon B 2
subj ect totlfeunm’gerhrsﬂst Fogexatnble, the sulirte tiatla ofa mage decdsaabothybepoasent ed t o

a user. 10 e ock a |IIustrat|n an ex | ternate
Snbodi ment DRERY seatbi By Bodt R hRH TR bq i b e b RET RSl & o

Fi gurﬁ 12, thiegectardichmbe W?L%ﬁmld&ogl ’ aﬁaﬁaggse;ﬁletolﬁehedtabc?: Wgalg&aﬁsyﬁfd&m 102

and the proce n ste i ke in e enbodi ne

illustrat ecﬁes}lﬁu%h 8@? raged by pother On‘hﬂhhﬁénelrg? ﬂ@ﬁw bR q‘? "Ust r at ed

in Figure leurtdBloERaHPA Bncibd Biddat @nesbard M@l ekt RenGABP VY oA SYgEem 100
illustrated in Figure 2 has a network interface 200 instead of the display

system 106! hrigds.2011/ 136937PCT/ US2011/ 032495 100371The network interface
system 200 |qy3ap! eSAftaetheomwtrésﬁlg lﬁb{&t My ftddo ﬂﬁ:e cINthel S Fondase froma

client device 202 via a network 204. The network 204 is a

15 outputs result data for presentatlon to a user of the spreadsheet application 108. The result
data is dependent on an order of the rows in the final result block.
[0035] In various embodiments, the spreadsheet application 108 outputs various types
of result data. For example, in some embodiments, the spreadsheet application 108
displays a sorted version of the spreadsheet table in which rows in the spreadsheet table

20  are ordered according to an order of the rows in the final result block. Furthermore, in
some embodiments, the spreadsheet application 108 generates and displays a report
showing at least some rows in the final result block. Furthermore, in some embodiments,
the result data does not necessarily include all of the rows in the spreadsheet table. In
instances where the result data is consumed by another process or subsets of the

25  spreadsheet table are subject to further sorting, the result data is not necessarily presented
to a user.
[0036] Figure 2 is a block diagram illustrating an example alternate embodiment of
the computing system 100. As illustrated in the example of Figure 2, the computing
system 100 comprises the data storage system 102 and the processing system 104, like in

30 the example embodiment illustrated in Figure 1. However, unlike the example
embodiment illustrated in Figure 1, the example alternate embodiment of the computing
system 100 illustrated in Figure 2 has a network interface 200 instead of the display
system 106.



communi cati ons network conprising conputing devices and |inks that
facilitate comuni cation anong the conputing system 100 and the client

devi ce 2080 2bn/mMe937ous s enbodi nents, the network 204 iPoTIusd@3/09:p5 ous
types of conputing devices. For exanple, the network 204 can include
routers, switches, nobile access points, bridges, hubs, intrusion detection
devi ces, storage devices, standal one server devices, blade server devices,
sensors, degistyPP CORMPMESER inthifdc8WRlidm I8 bedfes tﬂ@&ﬁmtiﬁ%)gmhﬁm tohandhel d
conmputers, nobile tel ephones, and other types of conputing devices. In
various 1@n&FisedE metst som taheichk desek20204ia | aneqtueiks20far Tusetygike204o® 4 i nks.
For exanpl @omil)ficARhVOhidiwaR4 cGafidine | dpuild GvRRd/ Q8 Whiselies Stabiitks
Furthernore, I n various enboélnents, the network 204 is | nplenmented at

vari ous scabmmuniFgroneszompltes cantpating systank 100 andctha chent idapredht bidvagiouone or
nor e | ogal ' ; S S, wde
arca netoreo iy LT AT L IR GRBE (b B A S F o RE

scal e. 15t§e0088prkTR@t chi émiuddevites, 2@Rclies, mobibmperessngoidey budges Foubsexanpl e,
the client ilgreu\s/joge e%e%izior? 218 lges EN R S(?e"\lf?cles CQ%ultogr slélrsvgrd dc?\x & WRIL s r-I\_ere user
uses the cllent devicd 262°Fo “Serrd requés%s £6"Y he conputing system 100 and
recei ve i nfdovicm! isouvofsy aleskitbpe comppatsi rfgewall tdenicdsQJaptb@ dohpueat iendheRD4. | n
this way, the user c e the client device.202 to view and nmani pul ate
Labul ar data Ry "OREe dpreiASnase “dhp Pest o TBe g e R amh e bR 20
conputing sydbdnedlCGhe adwskd4 igdudet vataua tipes bhienke! Fendxafipl] te nd®drivi a t he
net wor k 20 In this exanple, the client device 202 is configured to
process t hlerj}o‘ll 8%‘11}“{3{“ atvaret Gn‘gPrsB}r&‘f‘/SSé“’gﬁr FREhrRPS; BLVaseut F\‘E{’%‘%‘F%‘%éﬂ%et
table to anus@tk 064 {shinpHhaRld deviic® RARs. FOF ckddgii@nte netdk o4 edi bedevi ce
202 can render a web page containing the result data or interact with a

client applPREPFYH! 800/ SpMal R Festattoyal & ANss THYeA tyRiFe ngWogsy
flowchart igddndgt Ak aRE ndiofiX2Rh 8 AP&I@héDRr 300 ctiRpRAfchie@aSRbBaARNEEt
table. As illustrated in the exanple of Figure 3, Fhe operation 300 begins
when thé siPB8Hshebhe dispt derigeiZBh itogomrtiep vedcn Soreaspmtingligsdgyice The
sort commang, i4Shd &'i&%@oﬁaﬁ‘@orﬁﬁlﬁ@rﬂﬂé&‘ﬁf% u?é}P'T}f‘eﬂIs 1Ofled B8 diifntShe@icl 28 RPI'1
process on a particular spreadsheet table. Furthernore, the sort conmand
can speci f yemdl re@uesty 4o theprogpatingsystems B0t andyregepieundoringtion3oom the eoppatiels heet
tabl e, and I ' i s hi Py LS [ t - t he
spreadsheefﬂ%%%ﬂggg%ﬂg%hﬁgghigﬁ"ggﬁggga?hgggﬁggggs gg?(%g%?§?§§zgggélevant
property, tie sdmanipplatotabuter, dagndingrthe fpecadsigetdpplcatien 408. org leikpnpl§,0840] | n
var | ous,,emhodh BN Suah 160 2R EA3FRERY.ARRYICAER R A805 S65hY SwbRSHA! !
command i n variods’ways.  For exanple, ih sone enbodlnen¥s, fie Spreadsheet
8 appl i cat lothil&Empkec thic \clant tdheics 202 is comfigand tuiperca thisesulodatd tvadigpayeadsheet

Ao | cati onrigeres Bt LR RV 02 BB A "o

appl i cat i orlidd®eviecCER\wAs rdnle SWEY page domaidinghienecaltumerorentactSyvich Péfeht cul ar
keyboar d coqgand. Fgrt@ernnre i n sone enbodi nents, the s spreadsheet
appl i cat i oAPRBIPEREIS) % hedgsultdpe. command fr om anot her process, thread, or
appl i catsi ooe3PEr at Fip@coN it ke 1eREmHt iINgraius tam:kaplc bp&atedn 80U wevitce 202,
or another co utig% devi ce. [00411Furthernnre, in sone enbodi nents, the
spr eads heetsp%%h?e& fonAl i sHegd ik therfsagplerdthighe odevinerngon PR Lest ng an

explicit sQhbn @RUPRAGNES: APPIRaMIEI0ZAECAROE RS corkPaRf GOBS SThelsbit 8aHmaRl |
application. For exanple, in some enbodi nents, the spreadsheet application

108 can bedjsHugthiiespiendibecs ApRgaiaaukIs iattRE ISP PEsess op@rmagignter usidshest based
on a schedylyg. FihRRIdHcSor 'c&nﬁﬁﬁﬁﬂcaﬁfm&g%%@l%%m faﬂaser%»?%%@ NEQEmn in

15
application 108 can begin the operation 300 automatically when a user
updat es’0onéheoipragdshectrtele and an fpedesipg ecddhelap. 1msinee, erplpdireatsyauecr dfihsone

enbodi ment %pre&c@ﬁee% Bﬁﬁﬁ%&e%S &Bpgeiegﬁ{ﬂeosgrellgs%eget%ﬁsthg rPaevant property, the
sort-by column, and/or the ordering relationship.
[0040] In various embodiments, the spreadsheet application 108 receives the sort

command in various ways. For example, in some embodiments, the spreadsheet
8



15 operation 300 automatically in response to detecting or receiving an
event indicating that a change has occurred in a data source fromwhich the
spreadshew0 20abi3e937s drawn. [0042] I n response to recei PCHgiSa013.08149& onmmand
or otherwi se receiving an indication to begin a sort process on a
spreadsheet table, the spreadsheet application 108 determ nes whether the
total nunber of rows in the spreadsheet table exceeds a lower |imt (304).

In 20 vari,QyR.GSHH FBAVS the RE:t lcOREnd Wb 2NAS: Mfaﬂhb %I%adéﬁééﬂ%phcﬁ%n
exanpl e, in some enbodi ments, the lower limt is . I'n other enbodi nents,

the |ower IFlpgtta patiglaaperinterins comel of tmeégr@ac%Sh%ﬂﬁamélsathnd%oﬁ’eﬂl&%@rm ment s,
the spreadshegte GRRIAL B0 HORRIRSHH:RIA 1455l felaEeohAH Bhiops an
admini strative user to set ower m ni strative user can be
the user whigerrangess wemrtiduar regldard dememawt Tambemnore, us esome| m@@m& thhe
nunber f e nlt

of 50 Tishity b ARRCRASARR e, WACR, ARSI I ERGRY kR BBl
gener ate t Iaeplfcatrrlall opeegn tonbtho cempBAE) syshe 180, rily elidnh dewide Q@Z)elra@tne&lela f i nal
result block QM1 rtlng the rows in the spreadsheet table such that the
rows in thé Spreadshest table are properly ordered. Using a single thread
to sort th¢0(r4(b]/vs chmhbﬁnomne mfnblmbedmnehhamemraagshmletpph)daeom hf)&aaelgnst o 30
sort the r%} §W %ﬁ nger of . rows |g he s read eet table | i
rel ativel y 0% 4P LL ISR VIR AR Bt 8 ro%%lus%e%aﬂ“f) €s (e.g.,
del ays)ioaspactal @dea tof appladatiom gF @I examlsien gn tshmeaaﬁsaodﬁwm clepittakhcenal
penal ties may. only rt.h incurring when there are a suyff.icient nunber of
rows. WD 2 Tf“i%@gf%?%%ff%%% ﬁli"ﬁ{y PHEPHIHS SRS IBPT BA5HEOT n ¢ he
spr eads heeta stiRighie. ex@RAAS !l ohOWRbodiheitd, tHe's¥le®ishdt a%@ﬁuont g cﬁfps@aﬂs heet
application 108 det er ni nes” an ap roprlate nunber of bl ocks (308)
various en®SdipRisHps 30 sptoragicalhywhdiet Usspprdateatnopr oS rat By th praed éh?
appropr i at epubglnBhol! ACkmnd élnB/cﬁl'irhé?ﬁ'sS tﬂ@ypseadﬁ%t mwioe 108Nbcg A Bhe
enbodi nents, a mninumjob s size is the mni mum number of rows in a bl ock
needed o RaKaISHPENRGHFRINARICEIPARI dmee&g B GeEIViNg Aty euendigsriphiNAid e. | n
sone i nstanges. h&sﬂ%c&r%\ﬁ% a#ibtghéuréesf %lchtﬂ% HREGMEQ B lPR,ST ze nmul tiplied
by two. In thi's exanple, e nunber of rows in the spreadsheet table
di vi ded by [4048] mi nlinrraswpf@bo s¢cziyingsp josiseminhpad oopthelq’aw reggvingen mdrepeen of
processi ng t 1 unber
of bl ocks f%g%%f Pbaﬁggﬁ Qggﬁﬁer 0 f%%g 3ﬁ3&g%a 2H§B%k§%§$$ob si ze
r ounded dowmemﬁumeexdanEQWﬁHOWhmﬁheanemgﬁﬁtmszxaxhe1WMhrhmnKNMb §ize is
128, a e ar ces ssi.n ystem 104, the
appr Op;&ﬂat g rl'llol,lllrSTbeIrgb (ffrg%qtt TEIQ ]%W%]i it rhfag arlousu g?s glfo?r %WSH%I ?1 Shhe
spreadsheebmbahmemﬂnM1MQerhmuthSnmnmhuﬁmﬂmbm&nmemekm@rhmh@ggbhaﬂhﬂr equa

15 appr opr 151 8° Keniber 267 b1 SeRee TSk TP R BRI B PHCV R DReRSi ng

units 110. uk@linteXRBmlaalldvs dnh@ieniaraeivSsed et hitowdr Nienit The rkdniktied ze | s
128, and there re e| r ocess %ﬁﬂpéts inwéhe rocessi ng system 104, the

appr opr i at &Mt 5WB§%§GW?t i 3h01Ag odi nents, the spreadsheet

appl i caki orpooh@ﬁ pHﬁlﬁﬂh&b@r 558 1vs iihe kfragehdeh@ableallobons cae@RI gt | Ve
user to set _the mninmum job size. 20[]0045] Next, the spreadsheet application

108 di vi de$§ Weofr%%thﬁsnrwésl?ﬁ?w&%@étwﬁ &Eﬂsé‘ jinglethicad de cefrerast deinal 310) .

The number rQfit lBloQEE ?]nTﬁéﬂﬁngaeEhr&h RhQEKSa Fifal 86MRILIICR bl RErtiAPRIABRL &t ©
nunber of bl ocks in the set of blocks contains approxi mately
t he sanme n,meb@lreagq;hepto%le such that the rows in the spreadsheet table are properly ordered.

Using a single thread to sort the rows can be more efficient than using multiple threads to
30  sort the rows when the number of rows in the spreadsheet table is relatively low. This is
because there can be computational penalties (e.g., delays) associated with starting or
waking threads. Such computational penalties may only be worth incurring when there

are a sufficient number of rows.



1004611 n various enbodi nents, the blocks are inplenmented in various ways.
For 75 exanple, in sonme enbodi nents, the blocks are inplenented as data
struct ur esotzhat13esnt ain identifiers of rows (e.g., row PETRIS201O%249234, "
row "876," etc.). In such enbodinents, inserting rows into a bl ock
conprises inserting identifiers of the rows into the block and sorting rows
in a block conprises rearranging the identifiers of rows in the block. In

ot her enbogggamt s, Ifftﬁ'éenumbgﬁ&sro@fﬁ%tﬂ@%@eaﬁ%ﬁéé?ﬁab‘l’é%%e@@snﬂ% IR OmEQPYES> Of
rows. 30[ 0047 After dividing the rows into blocks, the spreadsheet

appl i cat i onf B9, Besgrmieadshast apmiicationg | 0fgdgseranes g apeopsiatetnusse €8 $lockur i ng
the bl ock %ﬂsS'ﬁ%H&?sse%b%ﬁmEe'ﬂ% ﬁ@%ﬁre&ﬁ%@%hca{tﬁﬁ 15PH&adRNESh a ﬁﬁ%ﬁa@@t' on

108 uses bl ock sortin reads to sort the rows int [ ocks
(312). The nnmh@eff bixfckipi lnov:dtlog&)W@YSn g or lekaale insomé emb@ctlm@fts,ml winkngoiel ng

threads 'sz?zgllléle 1nIr£\.ﬁn ﬁ?%rofoljo 11991 oékrhetﬁgb q#l l% J}L Lﬁ?adcﬁ%naﬁxanpl €,

if the nunber e nu ortlng t hr eads
is eight. bhmb@nﬁmgnhmamwesmw@dchIoﬁomhénbMEcktb@d@mngnnMHeaQQJGaebutes in
paral l el on. diff rent ope..o processin un| 110 he R essing
Y5t em 104 ML sPLIA REREIE, By Eal B R G et e BhEesrot R B 3 o
each of t heplb:hctsbéet gbtetdiviged by thadsinimiinejoblsoe ks Emrﬂhamgr d¢dunleadise wottter bhe rows

in the bl ocks aSSI t he bl ock so t hreads. |l n various.

embont mont S RBeRIE 1 B I oo R i, IR SRR P B8R ¢ (e

rows i notheqi Q@ kise niﬁﬁnsereofal@pzb alivitlal ldyalﬂhd)liﬁmmﬁiihoﬂb @At ®undddeddwmoc kosort ing
t hreads use a &k sort gl orith orithm

(GP?" qsor%% ubbl e sort al

a merge soFfmﬁf P 26 P 08 8 e e SBIIMHE 18P |Fhﬁf 3¢ dhse e 1Bias i n
the bl ocks; rdc@s@ﬂa@]uﬁfts ﬁlQH@plbbd’éﬁngii}Is%En tdaeths RpeapiEReAimRP B Bl6E 0018 wakes
the set of block 10 sorting threads, the spreadsheet application 108

det er ni nes thenimbenef pvsdR ﬂé“ofpf‘faﬁﬁle?tfffi‘éladéV“f?é\}fé( the FHRHEE Jgersw AYyeEaleh of the
bl ocks (314fan ok Rqi4REd @yauﬁﬂé}%&ws&ssmgfﬁné R eafeheRIceARRIsyaahiion (108

determines that the block sorting threads have finished Sorting each of the
bl ocks n ¢eRTPRIiASe Werplaer of dlocks #ngslual toj the svmberefiibelpreserewg unie 1) o&Rr sorti ng

threads prayifife GoMREbE §b (')d?)df Qrﬁt H{esmfnﬂnﬁrﬁ‘ﬁol§ @fz§49§5§e£ndatﬁﬁje'a‘féiteigﬂﬂ 108

when the bl ock sorting hreads finish sorting the blocks. In other
enbodi ment procesymghings ki tb@ptcheﬁgmghy@@tdé%ttber @psqnﬂ@@dlumb@wfsbloﬁsas peitf er. I n

such enbodi r ] i e bl ock
Stori ng ¢ nioae ARy R eREhe PRk P S AER Al hobT e
sorted ver shadmiofstret@achisafto tdi¢hebhioghkan j)bG49] Aft er the bl ock sorting threads

finish gor t[b(ﬂg t herl O ?pr?ad%]heetbagagf;(t‘au%l? rl(t)é c'ﬁgldgs t?le PO\%SEB sﬁea?%&grtafbléa rocess

ends and a ner |ng p ase rocess e nerging
phase of thﬁo&omtoﬁbbdes@iO)h@hspmﬂmﬂsﬁeﬁmkampﬂwcatbbbb&ﬂﬁmgﬂmﬂnanhs a

except posdniy e pder bEPES, EogEhTR Pt St B SRR 1 e
dat a struckaheninibewbf ©lvseach node has at nost two child nodes. |s100501The
number of MEEF tMeaRud Snbdtmimtt SR blob&art Smpikanied S LBl WIDe" £Of
25  example, in some embodiments, the blocks are implemented as data structures that contain
identifiers of rows (e.g., row “513,” row “234,” row “876,” etc.). In such embodiments,
inserting rows into a block comprises inserting identifiers of the rows into the block and
sorting rows in a block comprises rearranging the identifiers of rows in the block. In other
embodiments, the blocks are data structures comprising copies of rows.
30 [0047] After dividing the rows into blocks, the spreadsheet application 108 begins a
block sorting phase of the sort process. During the block sorting phase of the sort process,
the spreadsheet application 108 uses multiple block sorting threads to sort the rows in the
blocks (312). The number of block sorting threads in the set of block sorting threads is

equal to the number of blocks in the set of blocks. For example, if the number of blocks is
10



bl ocks m nus one. A leaf thread is a nmerge thread having no child threads
inthe thread tree. An internal thread is a nerge thread having one or nore
child thrwadsiviseishe thread tree. An inconplete internalPCrhrse@d/08B98nN
internal thread having only one child thread in the thread tree. A conplete
internal thread is an internal thread having two child threads 30 in the
thread tree. A root thread is a nerge thread having no parent threads in

the thread fheene IABRLbLABIHESFiILBRE S RWMAET B roﬁletlhrtaﬁmelsogwmtme Rlotieaf
thread operatés to nerge the sorted bl ocks assigned to the |eaf thread,

t her eby geneting ihigpda cresyigh in paraligl on prdiffereaiiane dithscrroessripaimé BACH tof  t he
rows in th%r&éélng@fge&h@@ Khe sﬁ%d%@%pbﬁbaﬁ&ﬁdseﬁéﬂgﬁs o%%?%ﬁe%[o%kslrjo eQ%}Ppe” y

ordered. An | nCOTTE ete I nternal read operat es to nerge a resul t
gener at ed lo§thiebock sertjhgthedaily. dlhetblesk domiing Hirgade sarbthe eavsph deiblesksasgigael t o t he

i nconpl ete e C | r rge

t he resﬁl t %F‘%&@%éﬁﬂ{‘@g&ads Rlnwr h?le@%(ﬁﬁlgg%’sﬁ]?nt?%% %?tgga {h‘r?%giﬁ'?&gl ocks.
U ti mat el y vatidve atgodthntsrto oard tlgern@s at s bivcky. nladr ercasplbtintylaomis en{b(O@lBEz}llsn
various e Oqolorr% Iéi’n hre reads ee&’t ai%d%thm éré)fcgs % bgbeble Sor %Od‘l%rl Ous

actions to gener a r eadqlflr ee. nts, the
spr eads heetmea@rslort(a@ronm ﬂ)ﬂ&o@&nmrammgdrhlantdﬁsroetaﬁe tomeen thy bforcksst i denti fyi ng

avai |l abl e eads nd/ nst an Latin r hreads. In [

exanpl e, tm@“ggr ea %ﬁoé]éet ﬁ? R %ﬁettwghcgﬁlﬁg‘ég%grag‘fseie5%?)‘% @Péﬁ' dat a
struct une théihg ﬁﬁiéﬁd@,ltﬂé srﬁéhdblieemﬁpﬁéatﬁﬁqmg aete@endshihaane bibElesdriigmhfads a mer ge
t hread specifi urce pointers a estination inter, The source

poi nters sp&ti IVS HOTe F%f(li‘aﬁflﬂbenl%loqﬁe(? 143 i‘i‘ é{?rrPuBIGBIBE@mFW%tth? HEcadghest t hr ead
i's to mergepplithGondBBtdeRahinethRChObIBEk SP@f thic@ds RvEBARKM sbARatch@oMher e the
merge thread is to store the result block generated by the nerge thread.

The poi nt ePloght B wricicvare BArexBEPY. {Paramst §MRadimaend, theghla sarjigedregs dat a

St ruct ur es ,dyite! deipiBoRiddbRors 1o K 8ked dsBde appiieaicar ®s Wikl iRSbloan bR On
[ 0053] After generating the thread tree or as part of generating the thread

tree, the dppaladumbeprtapihg blagksordndgr s5bpdments.ibe dlock Kertipg dukasls storeach
lleaf thread,kdy biaekd %a@uffére%(s"téﬁ) t!o'alﬂ{é%s' Otﬂﬁ s‘foma@sqlleé{ﬂ%p%catfoﬁews

spreadsheet application 1 assi | ocks hr'eads 1 n vari ous
ways. For dstamphes, thrtﬁhfebrb@mtmtt re@d*rdtavmﬁelslnddesopmg mlneebloqifaw@e@rhedmffer e 20

descri bed %B’lﬁé(ﬁ?sa§&%d§%%ﬁg§&%ﬁ%¥ﬁ9mo gation 108 assigns a block to a | eaf

thread by providing In Re | eaf thread a source pointer to a
menory | ocd@l48h of Aftérethb|bbek. sottmgatheadre finiglk apnphe thet hleclspﬂealdscﬁemrtmg

appl i : gg)kas?%ffﬁ%%lllg %s% Ck tome?’glggﬁflasg hf%gg&rgé@g%g %dn!hsngl)lﬁ‘ entifier

of the t hr ead ameter erfioré,"t he
spr eadsheetmeagipd plmaet Dbﬁhe 1@8p1d>e¢se,rtm fesadvieet :tp@hcduhe nes gereram aaﬂtéadrtmeber of
bl ocks (322 3, are {‘]
contai ns. a ke ARHIELD Fhreh PO HioHd CLReBaUSnt I TR RATB dFe fan odd
nunber of kbmplkely(fillESA Wiharg#6) is atulte dapcRatshREvhiap@kh a8l anath&t assi gns
one of the Elldoclas to the inconplete interior thread (322).
child nodes.
25 [0050] The number of merge threads in the thread tree is equal to the number of
blocks minus one. A leaf thread is a merge thread having no child threads in the thread
tree. An internal thread is a merge thread having one or more child threads in the thread
tree. An incomplete internal thread is an internal thread having only one child thread in
the thread tree. A complete internal thread is an internal thread having two child threads
30 in the thread tree. A root thread is a merge thread having no parent threads in the thread
tree.
[0051] As described elsewhere in this document, a leaf thread operates to merge the

sorted blocks assigned to the leaf thread, thereby generating a result block. The result

block contains each of the rows in the assigned blocks. The rows in the result block are
11



[ 0055] After assigning the blocks to the inconplete interior thread or
determ ning that 30 there are not an odd nunber of blocks ("NO' of 320),
t he spreawiohnent13egpl i cati on 108 uses the nerge threads POTIShENABRIT he
final result block (324). To use the nerge threads to generate the final
result block, the spreadsheet application 108 wakes the nerge threads. In
various enbodi nents, the spreadsheet application 108 wakes the nerge

threads in pﬁ?@l? Uspddpal S - A Glicofp R ifernd Nthi Qo RIRQITRRES: o BGISPb&adSheet
application 108 )Atakes 12 a nerge thread bé@g}r?ow di ng a wake event to the

mer ge t hr egenerated By Higrsingh eliidnitvitad, withh éhesyorte Eepssighnd| octhe ilerempiyge i nvokes
one or nor ¢, guiihpds) o c?]yﬁt?lpf%&eihﬁ}ﬂap&réxﬁgﬁsaﬁgieb W ﬁEI{g,@@I?e e Quvak&s Lhe 18 9e

t hreads. 100561Subseque t he sprea et application 108 recelves a
conpl et i on by ntdickidt thorad$ inganatdee raseibbloghsr ddtimptely, thsaoetithieattiganerates @IM) . The
conpl et isonrésﬂgiaﬁ ion indicates that the root thread has finished
generating a final result block. The final result block contains all of the
rows in thé¢0epl eadehewtous almbedimite thowprchdshtdtexpplicatidbn rl @S prtforplsockiony e
properly order ego. f{00 7JhAfter t he SR eads1heet agerlnioc 1ti on 108 gaedghei ves the

: actions nera e thr €, T ¢xa €, 1n §om ments,, the spr cet
corrpl etron rndlrcaftion from ia(fl t1ir6f’le I‘OO%( nflrhr’eaé, or after the I‘pOWS are sorted

i n step 30Gpplichtons po&e gelwhwat thaphlchd akt by AOBiderdfyingSavhibld nrale theadd t bl ock
(328). Subsegquent | .t he spreadsheet, .application 1 an prese esul t
Gata that PEOtCpuRRE BRTPHESHPnay HohmtD aRitaesaprigireiUs e a

di agr anos h@wdrgesanp@x@inidte sttdtieachat c@@aishOD. itohs forlehdhSinergt @deddn THadtegXanpl e

of Figure 3 the thread tree 400 conprises a.thread 402, a thread 404, a
thread 15 A7 MYt RFRdaPAHES Srepoders A1h2 dSHRAN PRIEL G THSPUTCHRPBLE 402,

thread 404 sy hdi@pdodlbhsah@ dodtadl BRLkst thhehdsnerdhiva@d 402 nanek. t iiead 404
are conplete internal threads. Thread 406 is an inconplete internal thread.

Thread 408 deyiRptRIPUANtEY, SPafdCT eearpry {ratipre wherathe Resgdlreaqd gogitore the

Fur t her mor @esuf BRcR¥ARI& QS thEhidiahiad MBS difidtdahl @akarethA baRTarkdP 0T €
assigned to thread 408, that blocks 418 and 420 are ass;ﬂ%ned to thread 410,

t hat bllckdiffrpent ppespidlaniuges. axdydinecarays linkaddials. veetrs. fabipstandso Block 426
IS assi gne@f(dsﬁ] thrgad ¢ Qéatiﬂgthlgttﬁﬁ%éd W G as dPJrPSﬂ(genél%ﬁngﬁQ iftreld ﬁ%{; 3%{2 of

source bl ocks of thread 408.” Bl ocks 418 and 420 are the source
t hread 410 spBhdshdesappdigatipnd 04 2spigas &ve biethe blerlsdo brabdiad tiotad; ihtheattiread 2ee Bl ock

426 is a s HrS?eIIP\Laﬁgifs ﬁbotgpaée?ﬁs?t}@% rea%gge?gaqqﬁﬁt?&dlﬁ%@%ﬁ%&gﬁs R)l tﬂgi% f 414 and

416 to generate a resu ea S nerges 418 and 420 to
gener at e athreslglin vdslooe kaysThreeagadile imemgedmbite dlesust 2 pnoteddda stoicgener ate a

result plock. .Ih d 404 I the.r l.t.o bl.ocks ner.at e reads 408
an to generate a result ocK. 'T'n ot her rds, the resu ocks

d 41 %ascrlbedr ?&Ve, 916 8 eagsgl?et a[Pph(fa%%ﬁl 1&)8 assIgns a PR Heaf) %ﬁn%a:a téyk
gener at ed pyvidimge adthe 408 fondhoAkOf thread tah@uso yrobeerbb acsmofy lobateadhf4h.

I ead 00 L Of BheEk. 3. ARl hORH B0 BLFE L ReR0 412 1
thread 412 by grevidigenci@eniifiocds tof blodkrte ad 144IGhrealing aparad@idr.mer ges the resul t
o ook 9ongRRLPY, DL ER 108 a0, 10,1 BSReT AL S, ke St 2K
sour ce Bl 0oks n@hbdr BF B1Beks493D). If there are an odd number of blocks, the thread tree contains

an incomplete interior thread. Consequently, if there are an odd number of blocks (“YES”

of 320), the spreadsheet application 108 assigns one of the blocks to the incomplete

interior thread (322).

[0055] After assigning the blocks to the incomplete interior thread or determining that

30 there are not an odd number of blocks (“NO” of 320), the spreadsheet application 108 uses

the merge threads to generate the final result block (324). To use the merge threads to

generate the final result block, the spreadsheet application 108 wakes the merge threads.

In various embodiments, the spreadsheet application 108 wakes the merge threads in

various ways. For example, in some embodiments, the spreadsheet application 108 wakes
12



WO 2011/ 136937PCT/ US2011/ 032495 100611Figure 5 is a flowhart illustrating
an exanpl e operation 500 perforned by a | eaf thread during a nerging phase
of a sortwpnrotess37Al t hough the operation 500 is expl ai ret/useath/osrgRrd to a
single leaf thread, each leaf thread in the thread tree can performthe
operation 500. As illustrated in the exanple of Figure 5, the operation 500
s begins when the leaf thread is woken by the spreadsheet application 108

(502) . Wakiynghrd hRhesd plotidif}e: RIQCESH tOfhe GRLdd Had tnttmeea@mt)&ﬁfotxmt Qhé)e run.
In various ermbodi nents, the spreadsheet application 108 wakes the | eaf

thread in vereadshest grpjisationdpB awalesloas of morsarashadiebe eRSFALSS sYskan iErideris heet

appl i cation, 108 {HBnBLakRsS.d6ef erences to sleeping threads that are able to
performthe operation 500. In some enbodi nents, the sleeping threads can

10 i ncl ude [9056] bl o%ubsgmmtlyngth@hﬁtera%tighme@ppilcﬁttone1% oskeiswr #i wgmplagre of t he
sort prQce r n f or d ct as
P ? §1§d‘10a SE}?'E MR ﬂ?hr?é%l ﬁt ?ﬁr%%ga Q{egcézo; Ir %% e{}teﬁéh d& 3o

the |eaf thread rea app I catron 108
provi des alm“)ada&selweme rbol threadthzea”dliihhcagerreamingerfmakmulﬁéoqkpe”ﬂatﬁr@hreﬁﬂo and

provi des t e | eaf h ad B feren st bl.ock i o the
| eaf thr eaglocp Ona{amse%l nttrjt?l% aléesSprea tta]f}h f‘e ar’® 1‘h?hea P g‘?ﬁ@@% After
t he | eaf ttareqacbewmoemedt he Ieaf thread det erm nes whet her the | ar gest row

inthe fir ock mal | er, t han..t he est OWI t he ond b
(Boa® Becatnsdl Oreab S B Sheaiinetl fucettn ST resfits e Fupilet indEan emt
| ar gestior ovhel fdof Meeadl dradftebthoakws sretsbed HlSSIteﬁ’IIW the dphradshe¢tsipplidatick 108ecause

the rows in the second b erI er ed he IIest ow in the
second bl 0¥V ﬂtehé“aﬂ r‘FSE{ %ﬁ%\lﬂ/ah[’ﬁg) gteo*@f?adslthﬁett"ﬁe iqatigy IP%F%d

det er m nes predéht kdialk ddth ehat @H%ﬁﬂerﬁ@ﬂ\/tﬂeﬂinﬁlh@suﬂﬂﬂl&ﬂ( bllock is smaller than the
smallest rowin the second block, there is no overlap between the first

bl ock and 1#f58kecofigums|dos R dizeiene Reaveng an permdctireed tep AP%r &S ilsiiedinl r ows

in the firsfe etszta@lé o@p%utehﬁtmae&dué@mt&omgiagebethredduob t@thteﬂaatuyt hrigagh
det ermi nes t hat gﬁ : rowin the first block is smaller than the
o

smal | es® r W alarfhlteﬁe‘“b‘geé 18cqad a-tiyest 415 Tyl 40¥ Hierepded4, prgk thrgad f‘%er ts
the first Qtquérn%f thtela&’s SiRdak 4§@gncpti1retag'§04 Aré c{)tﬁﬁgtletmtgjnﬂ%re%d Thfé%@ﬁ(sé the

second bl ock at the large end of the resul his way, the
resul t bl o¢kandoesmzpleisingdrpal gfreadndhreadhd0s, thr@atdéllf); andtthrmdd’dlz agrieafdlressiad bl ock

and the ro rmﬂeshﬁ] ﬁa'ﬂdhé t?!:%%ﬁn E%f%ﬁ@ﬁ@ﬁ' sho E%‘a& (ii?ckg Q?@%L&Mt%*&?e ' eaf

t hread det arges row t he |rs i's not
t han the smligne@to thewd #08, thaebledodind aid Hxkare tSIalenetdetafthrt:a“dr@thhdéﬂ@JkWZ%s

whet her %?d §?4 arg F%e%&t @dtﬁ%eacllq é Zh Gnd %gtﬁﬂgck?lg% ass%{l%cf3 t%%hrte hc? 43)6t qg ﬁﬁlﬁl | est

row in 2t he rst cause e second block are
properly omaedseblockshi 8laad ¢2G trertiwsdurcettiieks of thneld dDR.C Bldcks 4 tieandad?D arow i n

t he second bl ock. ,H Be rst bl ock pr.gper | y . or dered,
the sl o4t Pt bR Freplich HfRat Dab i M S s RofnB ARl ek 1
the | eaf tB&&d2dataioticadhck bbthreadngod. argest row in the second bl ock is |ess
than the s est rowip_ 14 irst k ("YES' of he | eaf

t hr ead insmglthe{lgﬁacdlo‘{% nbeir%f'élb?oa[( tl]ﬁeangﬁiﬁgfo EREF2GR rfwet%?@% ITi‘ ?6&( and

i nsert st hemet%a@ $lockd ABkinak20 hﬁgehaﬁ@a rem ekt arca@3 Ul teldbOBikcks220had I N this
way, the result block contains all of the rows in the first block and the

second bl odk* KneFneREs &gt black nergad A0 tm%geéét@ gt Bleckp gpnayrtyt Biethesgds

408 and 410 to gencrate a result block. In other words, the result blocks generated by
threads 408 and 410 are the source blocks of thread 404. Thread 406 merges block 426
and the result block generated by thread 412 to generate a result block. In other words, the

30  result block generated by thread 412 is a source block of thread 406. Thread 402 merges
the result blocks generated by threads 404 and 406 to generate a final result block. In
other words, the result blocks generated by threads 404 and 406 are source blocks of
thread 402.
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5[0064]1f the largest rowin the first block is larger than the small est
row of the second block and the largest row in the second block is |arger

t han t he woablwgssorow in the first block, there is sonePovarsh@ap/obmvseen the
first block and the second block. If the | eaf thread determ nes that the

| argest row in the second block is not smaller than the smallest rowin the
first block ("NO' of 508), the |l eaf thread determ nes whether there are any

10 renai ni ngyeii PWS Flguﬁefseisf Ifwchm ﬁﬁlktra(tég%)l exzﬁ'noﬁlg érgnﬁ fro@rmffmnw gyow when
the row is not alrea in the resul here are oné or nore

remai ni ng Awhdhrpad fhﬁ@gfq MSESing plagee (O'f \'arzﬂs«rt mcasaz)Alt Ph@ the afperatipie 200 is
det er m nes .yhahletih NEEHd 85 & Ghle ﬁe%ﬁ%r@éd"%a&m'é—ﬁf 'tH?eaFdhﬁ tﬁ?%?&h HE@%&‘n (516).

If there are no remainfng rows in the second t hread has
al ready i nyerferaythgloperafion J09. t Aeiliugiveded in thmwgaséeomﬁ@mreéktherﬂmgratlmw(bsuI t

bl ock. n ' [ e ock
(N0 of ST Phke lepr HIGE (it B9 S RLIIEE oIS S0 RSP o
bl ock intoﬂuhﬂlhebmwahbmé&maﬁg@ﬁhmhbnmaygeb¢nnmmhuwnmhemnbxmm@ubhbtk

518 Af t i t the f bl ock to t
(5180, 01 Sl DS R LIS SR 0 S P A0, o

contains a ws I’
and t he seecobddilnkmskthanpreidsbedt apslidatiort h@8 rmasitdits &mndzrm&d(toasleepprgo@mahy

ordered. | 6] 1f, ther one .or re reminin in th cond bl ock

VBt o | SRS sbiad” B @ o R B R B B ol B By SRR

[) ;)w iks 1Fhe n&lltaileltg@bloai sdrh@d 1{131&1&&5 el Gn ﬂ@vblédrthb Sfogtﬁlgfﬂhﬁﬁ:tofbh@ﬁ‘dﬁ laﬂdesﬁ hm second
oc 0067 As dj scus ve enbo ts

col ums cafise VOBl Qg0 2@1 ¢ |§8‘Etm§>r211£ﬁ15{§an %1“&% r‘ihrFa:HéI 1tc°a\53%kett L2} ea’E he

spr eadsheefhtabing spldgishebt fqbp”li%&ndﬁel os @fdvﬂﬂs @mvaﬁe \%h{ %2 thRhANBt @RGelfliaN oOn a
"date" colum. |If there are nul sort ums and if the rel evant

properties therpp@@r%ﬂ?%nﬁ IRECVEHleg me@% le@%ﬁhr@éé aé@f?rﬁncwo g SrshRleclhpssighgs 1odls ar e

the sane, tléaethmaaa aﬁ@age%oﬂms@dasm ttbfﬁe@&aﬁﬂ?@adm ni mum row by conparing the
rel evant properties in cells in next hi ghest rankest sort-by col um of

the two'Sro062] £ tpBer3be heaf tbvaqhwalgﬁwﬂa@ teef higcad fletgmines whethep the agest fivghest
ranked sort; Q¥ £ Qlm 1§'§r§alfepﬁla§ MBmalIBE W Fh MELESd Biog@ F%ohﬁe@édaﬁée%e the

m ni nrum row by co arlqgéi e relevant properties in cells the third
hi ghest ram%@&jmsﬂ@r rstdyfock@raprapasly ar¢reed, e lareens rowrithe ek is the 195t woess

continues ynglly & IB?O}[CE @chus%'tﬁen%(v BPHERE SN BLoEllg %ré pgér)ﬁarl?‘g%e% ﬁl@%}ﬁhlletshe m

nmerge thread | entifies one of € rows as han t he ot her
row. |f theowel @vamncpbbplemtth@ﬁrsmfomlﬁ thecekdmsl blockallf the deaf tHygadalsicrrmss of t he

two r oWg aley ﬁl%q% 696%%] %”H% F‘g gl%ft grs Her tfah t'théi ggl%]ﬁesyro%l 1¥1hh segondt he I OWS as

the m ninumr ow. rea inser MM ow i ?o t he
result bl Ocliereafstr&rovbﬁ@ bawepasthe first block and the second block and there is no need to

compare individual rows in the first block and the second block. Rather, if the leaf thread
determines that the largest row in the first block is smaller than the smallest row in the
second block (“YES” of 504), the leaf thread inserts the first block at the small end of the
25 result block and inserts the second block at the large end of the result block (506). In this
way, the result block contains all of the rows in the first block and second block and the
rows in the result block are properly ordered.
[0063] If the leaf thread determines that the largest row in the first block is not
smaller than the smallest row in the second block, the leaf thread determines whether the
30 largest row in the second block is less than the smallest row in the first block (50%).
Because the rows in the second block are properly ordered, the largest row in the second
block is the last row in the second block. Because the rows in the first block are properly
ordered, the smallest row in the first block is the first row in the first block. If the leaf

thread determines that the largest row in the second block is less than the smallest row in
14



row in the result block (522). After inserting the mnimumrow into the
result bl ock, the 5leaf thread again determ nes whether there any renaining
rows in the first block (512), and so on. [0069]1f there are no renaining
rows in the first block, the |eaf thread has already inserted all of the

rows in the first block into the result bl ock. Conseguentl there are
no renai Fher’THStrlﬂﬁg‘ (i Etsﬁ’é’ffm?)s:ﬂh%ﬁe%‘@f‘(adme“éfth%@ﬁm g]ﬁ %‘F S’cnﬁpé’&g ?nserts

any remajiag; t;llﬁ K 8KFin sl ﬁ??faeﬂabﬂheg;&éé eﬂ@ofdnexésﬁﬁ%hgckt(k%k 1Rkdier the

| argest row in the resut bl oc 514 I nserting the remaining rows
in the seaprte bésatikbloak contdies alésfithe fovedk thet fust blesklahd bheosskomdbhbloak msd al | of

the rows,in the k and the secaond bl ock, and the rows in the
resul t bfhﬁéﬂwéﬁ&ﬁfwgﬂl‘i?%@fﬁgﬁogglyf”iﬁiﬁ‘f‘g] After performng any of steps 5086,

510, $18jp0gH] 5221fthé‘%rée%ﬁxfox4 ffﬁrtﬁé‘ﬂrs%fo%l&r@ l'aFg%r thlaﬁ tMOEhAIRS oot th@fecbhd ead s
the root thread (524). If the leaf thread i's the root thread ("YES' of

524), t hblotkand ther kaegtslpmw indthe secandnigbekt isdargenthanahe smatlest roe is phefiks heet

P e naE el ot EflaP RBveEn BF sttohiick il tenseobih Rlpcky SEuhe el {he
| eaf t hr gpchdi detd¥Rines MBat RO Lar e|§f Ain(thBGEcoall bddd)is nbhémalR2thdntheaflalsoVvi des

a conpletion indication to t parent thread of the |eaf thread 20(528).
After ejtavein pheoﬁtSthqcm“N@r’fmfeiQSmnthp d@hfdhtqad rdetepmirtes \@lmﬂ@adhm@te any

appl i cation.or the the leaf thr.ead, th t hread, sl eeps
(550) 57 tshiiee e PR est WSR2 A Rt s st PRGN bl Shist Dbl 8300 600
per f or meglrdidy antheResudISdke | nterior thread. The operation 600 begins when
the inconplete interior thread is woken by the spreadsheet application 108

(602). THO68br ealfdhere areagist orometegamaingrg s ph the listbloek { HEES neforig).dhe

f K d h fi
ol ock. <l VR0 Py el theling L otitie PP B AESORR ARSI

i nteri or thefr @ado rérxh@inﬁ@&@wd nb_ﬂfécskcdrﬁi BlodN, @tiedtiBicadvhss Hlicady ¢R@drtby alboe Of
the bl ock sorting threads duri ng t he bl ock SOI"[IQ% phase of the sort
(4

pr océss. thegews Hridesecond bigskdnptodhe resule hlockinGonsequermiyl i there aeenaisatagiieg
h
Consequentinin s Sebnf biek (3067 o 31 ERTERS et Freifhin b in

i nconpl efigt ibldokr iney thehfesald blsckpaficr ahenlargest towoipethat iesult 6k (8$8)a ndrtl t,

there can be tines when there are no renmini n%%rows in the fié@nﬁg bl ock, but
the chi | BSETHPS 4Be caRanmgerowsniethe Hist dlockwate fagoresplt blpgkstthergqukt block

contains all of the rows in the first block and the second block and the rows in the result
20  block are properly ordered.
[0066] If there are one or more remaining rows in the second block (“YES” of 516),
the leaf thread identifies a minimum row (520). The minimum row is the smallest of the
remaining row in the first block and the second block.
[0067] As discussed above, in some embodiments, multiple sort-by columns can be
25  selected. For example, a user can indicate that the spreadsheet table should first be sorted
on a “city” column and then on a “date” column. If there are multiple sort-by columns and
if the relevant properties in cells in the highest ranked sort-by column of two rows are the
same, the min merge thread identifies the minimum row by comparing the relevant
properties in cells in the next highest rankest sort-by column of the two rows. If the
30 relevant properties of cells in the next highest ranked sort-by column are the same, the min
merge thread identifies the minimum row by comparing the relevant properties in cells of
the third highest ranked sort-by column of the two rows. This comparison process
continues until there are either no more sort-by columns or until the min merge thread

identifies one of the rows as being smaller than the other row. If the relevant properties of
15



WO 2011/ 136937PCT/ US2011/ 032495 100721After waking, the inconplete interior
thread determ nes whether there are any remaining rows in the first block
(604). If there are one or nore remaining rows in the first block ("YES" of
604), the incorrpl ete interior thr ead determ nes whet her there are any

remai nin in the econd 6 10 11f there a Le nlng
Fove 1 CoH UG SREnE RORe oSG At HaP 5 ik BRCe e R U5

i nserts almerbeﬂﬁlrawglgsm@\fﬁninﬁmﬁmfl rst block into the result bl ock after
the largest rowin the result block (608). Because the child thread is

generati H1968he f Thesleabthoead inparisahe menimysorayy &tte therresult block afterathe asgest

performn Q he chi.ld thread can ad rst
bl ock whi e"i ﬁ‘g Sr!ilitqﬁ%@(egsggfn Blrselfuﬂg é‘ée TG rﬁ)évr or Fr}lle\rll\%s%lﬁlelogh%etgéltl on
600. sTheleafedndlaghia dettir@ired 'Wh%fh%ﬁﬂﬁrd @yﬁ@ﬁwi@x&t‘gﬁ‘b&@ it fRtfirbttocdisl 9), thd ead

will not add any additional rows to the first block until the child thread
provi desS®onpl eti on indication to the inconplete interior thread.

Co f tery h
Cone oy, 2Ll e bR oY ' Gk RS o REE e d o BP0
thread agsérfeddsl of fii rews wheHefast blbelt tatir r_sult bledki Cong:quensy, nfrthéﬂeearani rst

bl ock (604), and so on. [0074]1f there are one or nobre renmaining rows in
the secoRiTasmapRe rowEar theifirgggyck ¢HO’; ch%lr%w the deaf thread BserthAyIEMaHERE i f i es

a mip nu (o} T I
o ¢ "R AF ond, NEHL RN el Wer B MRS B MR, o
then i ns@rm)s Afier iaseftingnthe @smaining fohs 1f1€tB¢J|sécobd1 cbdxickahtoethetrbsnlﬂ blogeshe row i n

20 the result bl ock (612). After_ inserting the mninumrowinto the result
bl ock, t¥eulf E@%ﬁ%@l@s P%pémecsm m@sgir%@éﬁclk aagtt blgFle pAd therqWs &n oy ¢

any re”?‘ih@'ré’%lﬁb‘i’&&dré‘ﬁ?g%}l{/bfdﬁ 4ol ock '('604) and so on. 100751If there are

no remaiNing rows I n rst [ock ("NO' of 612), the inconplete interior
thread dE020) neAftehpdrfoemingwnyciiisteps 506,846, 318, dobiz2, (itelléaf thithe deteirhies hr ead

i s done | hil.d th | d
e PR el KRB PO e T Ol e e B B % YR 12
chil d thgead) GRD|eaf third d‘iﬂwlh%aﬁléﬁbﬁﬁ%lcw&’ﬁm‘tﬂé EbrEzﬂf%héét 'éﬁﬁhc‘&h&? Kog

Consequent | y, if the s not done (' the 1 nconplete
i nt erior(52h).edtic mmpbtl()ﬁilﬁ)lcat]lon ioditdtes that tlenlbafdihmdthas ftrirﬁéled mogpE dhe

interior_.threa its un f s occur. Fo £, sone
embodi nefits E{’ﬁ’f’ﬁ@n\,\géhq ?‘FEBW%L]QPE tlﬁ g?‘gr K'ieﬁﬁa ?f%Otﬁt;l'ie?%?g@(]t) H@?E@xpi res.
I n ot her heNBAUhPRA frovillbea I BRPIIRHRT IR MG toofhetﬂla!i-&ﬁdchx\@ﬁ&foff tHEdalf tRreh@SUNE
event occurs. The resune event can be the insertion of arowinto the first

bl ock, a(5e8hpAbei ather puivig tho romplstron krelication ¢o therspeeadsheet appbictom arythe of
ncompl obETbiErd bF e Qe ey dbsbabEaE Gadt her “there are any remai ni ng
rows in fope1firskightedis 4 A dharttiNdsttRingAn example operation 600 performed by an
incomplete interior thread. The operation 600 begins when the incomplete interior thread
is woken by the spreadsheet application 108 (602). The spreadsheet application 108
25  provides to the incomplete interior thread a reference to a first block and a second block.
The first block is a result block generated by a child thread of the incomplete interior
thread. The second block is a block that was produced by one of the block sorting threads
during the block sorting phase of the sort process. The incomplete interior thread and the
child thread operate concurrently on different ones of the processing units 110.
30  Consequently, the child thread is generating the first block while the incomplete interior
thread is performing the operation 600. As a result, there can be times when there are no

remaining rows in the first block, but the child thread can later insert more rows into the
first block.
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1007611 f the child thread is done ("YES" of 614), the inconplete interior
thread inserts any remaining rows in the second block into the result bl ock
after thewbapgestisrow in the result block (618). If thePeTaAS20INO324e5AiI ni ng
rows in the second bl ock when the child thread is done, the inconplete
interior thread does not insert any rows into the result block at step 618.
[0077] After inserting the remaining rows in the second block into the
resul t bl ogdp72f he ARGQPRERL Mol lﬁuoﬁ{pqe@er mze%feﬁa@ead%&@ﬁﬁh&%hefmtﬂaﬁerar& b
inconplete interior thread is the root 10 thread (620). If the inconplete
interior tFeeRRNg OWshia thoBtst Pleele 941 » ithere gfc @mOY marp Ecrigiriperpvetis that er i or
thread proydes,R (@@ﬁ@' 91‘6(51? P HGR hle%nm&?io} BfeaRfRANRRE G tﬂé}pthé\%%}é on 108
(622). If the inconplete interior read 1s not the root t r ead

620), the |am@nﬁplrertger0wmreth¢ Sﬁcom%b1@<é¢d6%)ow des a conpl etion indication to a
par ent hr ft C e r er

provi di :519 cgﬁpl eﬁﬁgﬁglaggﬁca{eﬁgiﬁlﬂ?owt“ﬁe 1@%6%%%2%)6 X (gftNéapB R0b ﬁf(i)en 108 or
the parent itcomph, intdnier ithreoinphet eny ntwainog HWs eladlesiﬁlseplscl( ﬁ@@)he result
[ 0078] Fi gu f | owchar t |II exa eration 7
per f or med %)Fock after tl%i laliges oW tiheo fes Eglogk 6'6% t ecaus%ﬂigﬁgllg glé?’agtlsl %:ner?g is
expl ai ned \ﬂtet 1ﬁrstr bzlgar ahilotha is¢congllee ool eliread ustperfomrmg heampdratiea 600, ahmpl ete

interior thy. in the thread t 2 erformthe 20 eratlo 70

1 st ot edn A bonbt RSt orlhg e BoBE s Jht dfief 305t Bl Risiiten T he
conpl etie | PpeEsrintg thbopaatidnHOMO KRG idymplo 1ﬁtpﬁ@aﬂﬁhxe$tnoa@plhrb@&fat oacliB (702).
The spreadsheet appli tlo 108 prowd s .to ¢ nteriaor, thread
interior tllll}rﬁaéidw‘il rI% digignal Teyy ot ‘bflﬁﬁklog\ﬁ anigﬂe%blﬁ&flrﬁ‘fdoWRVqusk?e first
bl ock is ach@pldlidn lhhleﬁisng@ﬂ@n@b leRyin@ribil thiehd. Chinbeduédifyeartr oo ﬁd@ﬁlpce@errpl ete
interior thread. The second block is a result block |Is generat ed b

second chi Merigirthisad @scith diccismaindiceromtiarthe firyt freskdintorhs redpblagke t ent erior
thread, th@nct)hlb&te l%hbldtht«éaa @84ln daRfnihlewBei MC itk lady tdHERA: RRAT AR
concurrent | di fferent ones of the processing un|¥s 110. Consequently,
the firlst llfﬁtblﬂ’C]EEﬁOéhGn4%0<§’eneratl ng the first block and the second child
thread is gapg[ at'H%&@@re%ﬁ@QFﬁﬂo@ rQ&KmW@'rB\% INGe Q&HB’(LSIB& {‘@’tE‘S"’ IPRodhread is
perform ng the operation 700. Furthernore, because the conplete 30 |nter|or
t hr ead and thehacdmpige m’mlqrdlrcatﬁlrlé@tmlﬁ@mnamlemmwﬁﬂ@ntﬂhy mipiygneroyals the ti mes
when the fig | rst
child threalgfiélttlzezgtﬁL Tat élggol?oﬁxég?%ltlﬁeg?ltéealhfé\t/\gwlﬁ Ogrmdnggc?&iré Etm P@(lae\f}é se,
because t h@ltcrmmlhreétdetherntneerrtscthe tnlrmmam rawdntp Hige Esdblvidckcdfﬂek dletlhlge!adomper ate
concurr %nt ltl%, retsag bfoc%a(glg i sert1 o té]h%ln? 119[8krhg gsu%tntﬁgckc;(%ﬁ't ai n any
remai ning rows econ rea can “at'er Thsert nore rows in

t he second ilzboplete ihREIFOhAft egam/akuengnest Wiectlcn ml’palr@m anpre@ndiging rdwseadhe

det erm nes vvhg%h{(sg Ot?er are any remaining rows in the first block (704).

If the conpiraf@ckHi% ial 4#Y ead deternmines that there are one or nore

remai ni ng @S] i n Iffierd ire 8b rddadike foWYmSthe Gifrst B (“Ndeofeonpthetigcoipleds | Or

(o Fongh PieilShe! RBLRu iR TR e b B HRREL Re
of 706)25 t R@ek aEEIRIIEhidAN Bé PFoviden @agbniRétRh haesiowhetihe incbRplegeiarnadr chil d
thread is done The second child thread is done if the second child

thread has ﬂg?acslv(fe@a childhreafl dtnopietidqes. dhsrshyd thepdican SHECQERYA QARSSTEAREY | or
thread. If jfhensSareBRcEidodsdgiR@difi the RRId 480, is hbLISRCERD T d1d), thy ead
could insert additional rows into the second bl ock. Some of these rows
coul d be sigomeletainigrot thecad viglts €36). r Bviifferentpmbpilimentspihg dncompistrciateripf  t he
conplete i '?ﬁr%fd' %ust *ilﬁﬁa@lffé?e‘h? Uan%eécctupatF&rhﬁcaﬁlﬁgoqg s%ﬁh'e' éinﬁo'a[n?e%% I NOt
done ("NO' o , the conplete interior thread waits (710). In different
enbodi rént sncomh@tec dﬁgmt rdadt writsorntilhp edderwainiss-ubt |0|the&5md10ﬂ1f1@n§ntthfevent S
occur. For u’r“c%ﬁlglé Entelibl tﬁ%@@wﬁﬂ?&%'}rg‘?%hﬁe e\'&éﬂ?o&‘aﬁp'ﬁé? sLifk EfdnPLantddiiff@d wai ts
until a tinmer expires. In other e I nments, ﬁeelnterlorthed
wai t's unt i linsgitien ©6ﬁpb‘etletOitm érst block, mw@lmmendﬁeﬁloa froersﬂnﬁwhéd/dntad The
resune even n. i ndi th t t hr i I into
t he second ?t%%ktygr %fﬁgvte%t hegé%rc gl%d%t%?ilg@gtﬁ mte?gg tﬂl%g%fﬁ%% { altﬁlg %Ne
interior thread has finished waiting, the conplete interior thread
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20agai n determ nes whet her the second bl ock includes any rows (706), and so
on. 100811 If the second child thread is done, the second child thread w ||
not i nserwoany/13e¥3¢ rows into the second bl ock and ther @CarusS20m0/089%RI ni ng
rows in the second bl ock. Consequently, all remaining rows in the first

bl ock are larger than any rowin the result block. Hence, if the conplete
interior thread determ nes that the second child thread is |Is done ("VYES"
of 708), thRos ?ml @leiof meﬂaalagamfd@t@ﬁﬁqesl WEEK: e ¥re TR PRIMiNBg FAWSInithe t he
first block in he result block after the | argest rowm%he result bl ock
(712). Aft dirstpleslefG@thgnd 90 emrai ning rows in the first block into the
resul t bl ogfyref e GARPLRIEHBUSE Bhe (VR EgRH et REHARE e tdiesq t her e
are any remaining rows in the first block (704), and so on. [0082] If the
conpl et e i misewts any rethriniag r@@tléﬂhnsn@mdfolmk intty ehegesul block efiesithd ln@emjwnm the 30
second Rl o 0 I f a

m ni rrumlgr ogv}%(é} E)%$OQFq%18r7%| g?%%qg?eow I's ﬁ?}% IJOQ]EF‘“}IQ Sectrogia&?jglf lﬁga{r]%l\%vc#ngéel t her
the first Ithregls donet the imemplett iblcoakthredh doas anfphetreany movey inwrtht tesdablotkhen
inserts the rppﬁlgum rowinto the result block after the largest rowin the
result bl ok’ ? After inserting the mnimumrow into the result bl ock,
the conpl et{@77ht erAﬁer 1hM1mdhagmainidgtmsnﬁanbes sasbiet bleck infvethe redué bdoek,

remai ning rows in.the first Qhlock .(70 d.so on. .10083 re no
orai ni ng. 1Guedoi Gcptof Beof B b S i isa B fisee s B Gof oy

t hr ead det (ﬂ{r%dn@aO)lmmﬂheﬁndoh@lefd ngdrio€ irkall # ke asbt |t1$rezd1)01¥]5(87 13)620) hee first
child thread is done 5hef'rst chlldthread has |ded .conpl etion
i ndi cat i on 18™Pl5E BEHBT ‘gfeé PIYVEST o F‘é%{’dmle‘l‘“OElH%al’f G PER S&‘ﬁ?t agplicg &gd is

not yet dones (4 ((:0 Ne it tetineMgide LRERRANCAN iSCRAhHR HRcdINEROY Jt®e),ithi 0 the
first bl ock. nsequently, if the first child thread is not done ("NO' of

718), the e@ﬁ@p@feemmoéﬁlﬂre%d POV Elatl 2vgermpéctioy Jodication teyig p@?lérfbreéw&dh%em s,

the conpl eq&ompkeer in%o; &R 6@ t Rfdkdidhbr wdﬁlrg%&om@msm&%% to FERY
exanple, in sone enbodi nents, the conplete interior thread waits until a

ti mer eXpi ﬁ@@adShwt @Pl?i§?tl<éhﬂl§dphﬁﬁt@fenf Hecade Ml weemplpte dpicder thiged Héechii t s
until a re%%? event occurs. The resune event can be the insertion of a row
into the first block, a po%{e@ti on indication fromthe first child thread,
or anot her [9078k OfFlé\’/féﬁtIS a hart flluptresing jan sxanglp operatione @ peforepdedy(2 YES"'  of
718), the l.et. t r F ny
i ni ng PRReR RS BAE] AR EE e p BRLE T BRRMAES BAE IR € S

remai ni ng rcomgleferintehier tbead)mdclmamﬂeté TnYeE@f tlufadﬁzzl)q thtdaé tree npi Eetr@rmnheeri or

t hr ead ,ns re ni.n C nt he [es It bl ock
after the % ‘%rg%‘%{% rO ov’\(i{m1 IIHu Uﬁ%drng\g%l etxa%lP ﬁg}'&? tgel_ﬁ%eratlon ﬂgibgglflsn efi or

t hread can then&emﬁleté hnﬁem@nth:ead g wio ks by Ithet MGaﬁﬂfeeﬂ’lEbpﬂlbzﬂmh 108t @02)heThesul t

bl ock because i threa i il nqt add.any 20 .npr.e r,0 to the
Piret b ocRosih gt biGaEs 10F iovidRs gt Y bR e RCuBDtraa BRI 4 osul

bl ock. Henea‘ereﬁdwo b €ifR bR @nd DWBordblsdke The Gienbloblt Bakealt®ldcrgeiattdian t he

| argest row e bl ock, 100851After j.nserti r ows
in the sec&r#HStb‘iH’ggléﬁre?#BE thRoPRLSt Wtepih deady S@?“&Qﬁ%&n’%ﬁl Iﬁ@”tﬂ&‘f t here
are no Benmpbitrgl byoMSechitl ¢ tﬁ@&p@m@b@ﬁﬂqeté 1Hior @hrea 2Vhe dohBlekesSineeatP! et e
interior thread determ nes et her the second child thread is dane (726).

If the compietdethedtydchigt thf%ﬁe%vé thretegend Gheld threpdiopeits coBEFatlY A diBTeNs not
done ("NO' offs of tR)prode éqmphﬁt eCdndREMBY, (He HrQRFi1VALLE is(c3&)tinghd Bt t he
IS

conplete interior threa finished waitin the conplete interior thread
agai n det ebhichesd throtirerd ehikd thregdds gyerpténgal Riserpne dukeeki wihifehie scomphe® bl ock

(722), and 1r§9r1c9 Nthred® [19 %gl%rhfmé tﬂﬁ 8&2&% gt ’R)O' npﬁﬁﬂe%or% h B@c%gsedﬁlE %ﬂ?pﬂa?i ' t hat

second child thread done e conplete interior ead
det er mi¥ies inmgresr hlerpadtalmé tleofist @tﬂé tlilrnadetmemte Qommmtly,srhqrh eary lgotimeshvleadhq 730) .

1T the conph&bfck A& dPodtith %ﬁ'}d ré-n*?aiﬁh};{ge rorvxg%ut Y £RAHila Yread & later insert

more rows into the first block. Likewise, because the complete interior thread and the

second child thread operate concurrently, there can be times when the second block does
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730), the conplete interior thread provides a conpletion indication to the
spreadsheet application 108 (732). |If the conplete interior thread is not
t he root wbrend3¢I3NO' of 730), 20 the conpl ete interioPCrhusead/opr4ovi des a
conpletion indication to the parent thread of the conplete interior thread
(734). After either providing the conpletion indication to the spreadsheet
application 108 or the parent thread of the conplete interior thread, the

conpl ete i RbEInAn mr@ﬁﬁnﬁlg@@\% bﬁiﬁ@xecoﬁ@&ﬁmﬁfemﬁl Bt fsét mbRWGRART
illustrating an e)é?pgﬁ e operation 800 performed by a menory nanagenent
g

thread dur ithégeedid i ng phase of the sort process. Sonme enbodi nents
enpl oy a nggpoy MERAGENRMe, HRC p‘i’éﬂ@nﬁé}%} tﬁr@éﬁoéle\{ﬁﬁlﬂewh%&i 1%% ari BpySuch

enbodi ments, each of the sorted bl ocks generated during the block sorting
phase are seropide rowst inethé ifirss plask (7., 1f cesoaleps iateript 6@%@1 detegmings] ghat 418,

420, 42 il r » g £ stored
in the | rst {}%ulgpogl?%%%e% r%rk%ﬁﬁﬁ%é@s?ﬁlr st‘gg"é% ggrgga@) E]Ie Coé??el{t he | eaf
t hr eads r eaderiar tireddhietefmnimss whathdr dlreraard ast ltemalnmgerows mabaetorhl ok 70M. t he
second bUff ! gh:_:grli rérgre rtegll:cuen{iﬂds ?V?%%t}f‘élomn% Cgl 4t:>l1gck t‘mt%@@gg tfln the

exanpl e of Tors TneMrmigs 'ocksS™1'n e se
| nt ernal t komplde intarier thiend detbin@nesablovier ttl’mesel:@falfchﬁlh nleaddisis rdean‘:l(7&0@)/\/5T]f1e1r omt he

second buffer d store. their resul | o back into the first buffer.
oy oxanml Sccopd b A i BT et sl BteBE R o Rl Sy iaictlor o 4
read friom theesenphe bithibethrand 18 thersecdniehild Hesdd! it nbl @k sthe RE@nd BkilS | r St
buffer. Inter qopﬁdtreads in the second tier bg?c ve. the | af threadzléread

rows from fiHed ingfire gddptiogel Jout Jre thegsend ckssont?aqm PRIV HE'SBEcond

buf fer. FogmexanRineihe thbBad A% thb'ﬂi&tﬁl@dl&dHéﬂ%e lhaeeheee@{mét@ iéridritedie 4
r eads fromthe first buffer and stores its result block 20 in the second

buf fer. Thidgtegipes thiidke fspndostolgribisad eroy dmedﬁﬁp”tqf dP®), ths copeleteniniesigr

hierarchy. gB.iSQER @1HCUNBLRREES emB&Hu%erH?fﬁ?é Morﬁﬁl@t@g%ﬁw thk&@ghliQugtcan be
nore efficient than allocating bl ocks of nmenmory for individual result

bl ocks. 1510088190 C¥Wife0cewh o REHRIC. R PBY CRBodimFRs. aterTpIpta Aeécrdhread
techni que. e, ARLAALF NGRE: ARPLLGALIBMNEAR, RXBGSHISe g figle §ARUhi B! ock

to be in the first buff However, 1 n sone Instances, the final result
bl ock is i rﬁhetQ@@pé?étmtﬂﬂwbﬂlfrffaérreqemehevresvmnvqnheThfr resumberfenbean imigdthBRhor e, in

some_enbodi el @RLOYH Bl R/ IROAAS TR, SRR MANEon Bl 9€

threads in a given tier expect to read om t he sane store their
resul t bl odkse. i Aftdar e @ampistbufdier thrddd\lmémwhedrwantmgompIcenleletlenmtemorolnrewlr ead

reads azlobl %gam Betgrgfge %&er tﬁggec%r?c{ lﬁlggi)lfléluil(e% afc1)¥ f})w% é%‘dﬁ anH (% hl? second buffer)

and a bl ock®generate dur ‘ase (I.'e., a block in
the first hausier). If%en@ﬁmhudmmiglemlem tiehweead dhid flocadswil et opeat aty on 800

to correct these issu ? n ust rat ed |1nthre ex | e of .Figure 8,
the. oper at FERC 500 B0 hS RHOA ERE KBS b mEEEroVRICH TR by ¢ he
spr eadsheetCoagghdntigt alDfa:n(aBﬁ)@ rowAfih @ife fvakblogk art e gdrah@mr shyawagehertult hr ead
determ nes bmlg.t ernce 1fe tlilee cgrglgle%r}nt%ggr t?lyeng)%gteron];mgso Iilat tﬂe second child thread is
25 done (“YES” of 708), the complete interior thread inserts any remaining rows in the first
block into the result block after the largest row in the result block (712). After inserting
the remaining rows in the first block into the result block, the complete interior thread
again determines whether there are any remaining rows in the first block (704), and so on.
[0082] If the complete interior thread determines that there is a remaining row in the
30 second block (“YES” of 706), the complete interior thread identifies a minimum row
(714). The minimum row is the smallest remaining row in either the first block or the

second block. The complete interior thread then inserts the minimum row into the result

block after the largest row in the result block (716). After inserting the minimum row into
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21 bl ocks generated during the block sorting phase of the sort process
(804). If there are an odd nunber of blocks in the first buffer, the thread
hi er ar chywonrelwides7an i nconpl ete internal thread. Conseque&rusker1/osi49 here
are an odd nunber of blocks in the first buffer ("YES" of 804), the nenory
managenment thread copies to the second buffer a block assigned to the
inconplete internal thread (806). In this way, the block is ready for use

by the incogplghie bloeﬁ eﬂh@ebmmfeee@enoi %}&Qﬂ fgatﬂe betSRYdsNGhdine tpérecake wy the
second buffer or after determning that there are not an odd nunber of

bl ocks gen&¥BaIEAS [qvstihghehirg dlock 6104, 88d ghelse of the sort process ("NO' of

804), the SB[ Y nage r » | t
bl ock 10 is coLplg?e (8%395r&ﬂ&?ﬁ%r?ﬁ%ﬁfﬂ%ggﬁp%@gfﬁﬁf(%Eﬂﬁépﬁggﬁ%ﬁﬁfe (" NO'

of 808), t crirertbicyd Aetrrageaverhetion tsafinealildsth@d 3y donen(TAR  Shefirst child
embodi ment gyolNE [TRONI, TRNAGEIRN ot 9Ad RIS L0bidifih! AEEADL EYRNT S

occur. For exanple, in sone e nennry managenent thread waits
until a ti nemplebepntme@r thiiead. oItfhlmrﬁretmhddhthrmaltls noumedmmheyﬁrsm}mag@m(htart hr ead

waits until Ol’tltgllel I:[009 t hrw%g%oﬁﬁf? ersggﬁocl? 88&%9, en{l if %hedfllrft ct Il’ll 8ad 1s n t 15

spreadsheet app i‘cation I ni shed
waiting, t Idenm(é‘m yfmagladerenmpletchineadr tgad made(H()}n ]mehffmfaﬁtelnmpdmﬂmtsf i nal

result bl ock nplete 1 naI result block is conplete
(VES of _0eiomE eGP RR A AEH: T bit B rBrH nEd BPRor HRST I ha
resul t ibl ogkbbdimemst fie seaplod biﬂefrfdil‘th(éidZWaltsl funtihe filReal explest emubthebl ock i s
in the secog§ﬂ$uffer ("YES" of t he ne y managenent t? ad copi es
the final e ghk ‘itﬁélt?rloﬂf e%‘d‘lfaf‘téﬂm?(‘sai JUMEAFEROCEY Dy | ﬁ?g‘eﬁ‘ﬂ’ée final
resul t bl oglenk @arf Betht liissitioR Wk b @bw Qito Ahd Bist BBEIE aBopREot hllcatibiefrbhiRd resul t
bl ock is aIreadghln the first buffer ("NO' of 812), the nmenory nanagenent

thread sl edipd chightBycad, poaesharipgoEednt-s a bl ock diagramillustrating an

exanpl e congygl] N9 deid £t SG thichd is! cﬁ}%@mmb&wlpﬁnﬁeeorﬁmee GRERYHthigy Syst em
100 is inplenented u5|nglone or nore conputing devices |ike the conputing

devi ce 1900 detekmigesonhathop Ecahiie @BY Emsenipchepevsiip thetseeqnd sl dV Fendkthere e
comput i NG s b MokOfm o TS T o MRl ISLKSORYE L HIeN CopRRvinRGoNaAr dvar e

conponents other than those illustrated in the exanp Figure 9

[ 0093] I n ditlfrfaskiagerts emsbigthiermngtrows sichpachripbladiniodhke @stét blmkl adigeihe ddgdsh

di fferent o ' uting
devi ce 900%%%ﬁg%?§?gﬁgkﬁ§§§38 g%aéﬁgﬁggggéggﬁﬁgﬂg%gﬁ%%?&%ignmhﬁgcoﬁggry

st orage dewi te s0@Hd tdockantachk rdsmlt éloklabecapsr tie 908 ,chdd tireddowiillrtog Iaﬂda@le' 910, a

glt zflaay deVI O&féb tl% ﬁrgtx blg kn d 2107 8 eﬁlt ﬂr&tb?ol‘c%%%veg%ﬁzn ad @ 31 tg)%e resu
ge dev C evi ce printer comruni cati on
medi um 922 bldck ehhmxa@mnnﬂmn@nbsp1mﬁmpummmgkdbwﬁ£MQmaﬂmnﬂmpmgﬁmmﬁedl22
the result block.
[0085] After inserting any remaining rows in the second block into the result block or
after determining that there are no remaining rows in the second block (“NO” of 722), the
25 complete interior thread determines whether the second child thread is done (726). If the
complete interior thread determines that the second thread is not done (“NO” of 712), the
complete interior thread waits (728). After the complete interior thread is finished
waiting, the complete interior thread again determines whether there are any remaining
rows in the second block (722), and so on.
30 [0086] If the complete interior thread determines that second child thread is done
(“YES” of 726), the complete interior thread determines whether the complete interior
thread is the root thread (730). If the complete interior thread is the root thread (“YES” of
730), the complete interior thread provides a completion indication to the spreadsheet

application 108 (732). If the complete interior thread is not the root thread (“NO” of 730),
20



usi ng nore or fewer hardware conponents. For instance, in another exanple
enbodi nent, a conputing device does not include a video interface, a

di spl ay dw0i208/136937ext er nal st orage device, or an input Pdewise@.1/0339941The
menory 902 includes one or nore conputer-readabl e data storage nedia s
capabl e of storing data and/or instructions. As used in this docunent, a
conput er-readabl e data storage nediumis a device or article of manufacture

that st or esheO@fndh1 AN dh@lor %Qéatdvﬁ%ﬁdésrhs&fn‘dﬁétloﬂﬂﬁd&a@r’éﬁ'Q@ltlf% ﬂayenaﬂﬁ@d@wtth@g
device. In difféerent enbodinents, the nenory 902 is inplenented in

di fferent wapgletergieriphdraAdéd )i nA%rwtb@rsprewﬁ@a|thqa¢ﬂr§plet10ﬁemﬁléﬁwrlyo 902 is
i npl ement e%']tn’éédsﬂ&t \éﬁﬁﬁc%'&l GYPSS tdaB%ﬁYpMe%H -JredaBhGiefaid %@&P tpedi a.

Exanpl e 10 types of conputer-rea data storage nedia 1 nclude, but are
not |im teéomnletedlytﬁfa@ﬁthr%deﬁmeﬁﬂéébess menory (DRAM doubl e data rate

synchronou amg . ] tgncy DRAM
obre sorav " TRs Rl REEESRERNIRERRY gh S SR B
read- onl y memory n@dﬁ@@nenelﬂﬁc&dr g yﬂeema@tg ehgse og‘rmmmbl pIORf.Wl %mnb ot her

types of devic r articles of cture 15t St
[ 0095] The prlgc(glglgf%ngmglogt e (oA T e ggecglrﬁl YR VeSh glglcl:@ - ?ltrrlltsgcghr at ed

circuits t hmbodamletatsteamloﬁ tme@wﬂeblsﬂfﬁ tg&aﬁreted mlstmg,ldtel loine*k sdrtingy ahdse ase

enbodi ment s the S st em 04 i.S arj.ous s. For
Tnatance, Fgnd B AR RAMERsEY e PRecot HeaLE i Syb ek ba i 48

i mpl ememnt edhatatoih OF ctidipte PFAGES slaﬁgst@x@d ensr,he Fast bufiat am@ th@ @af thrdal S
exanpl e enbodi nent syst em 904 ene ted as one or
nore | ntel SBHFYC gesmtﬁnggdﬁeegegg gadﬁ ﬁeaén'g‘%fﬂéli‘e g%ﬁ’bﬁ%’f res Slh

processi ng bfykd BMhEQdcond bluffpi emrﬁxaﬁp@sm@éms a0g, rmo earﬁl@p@rﬂﬁﬁrated in the
m cr oprocessors. |n yet anot her exan‘t%l e enbodi ne the processing system

904 is i nple¥AtEe 85F1§§rea4n5tﬂglt@1{ Fratlt Blosks igdke gf‘ﬁ@%fi Wféerf UHETROREPHY .2 1 n yet

anot her ex @m@hrﬂer ehRedhdTRAt thrd€ réaaqs\% $loROthS sééaoﬁanb%ﬁér AR QY ikl SregREC] fi C
functionality using an_ ASIC and by executing software instructions.

100961 Fn @iquSei;@ﬂft lnéwwﬁsdirﬁtel?ﬁf%r EQﬁeemeBI@eﬁwﬁg 489 ené 09 ohusapied Un dlae
sof tware | gty HCht BB re 4l tfrérﬁEh%%cdnﬁ%hff&%ﬁ%réﬁ&% resEl%lobﬂ%t%Qﬁ@ﬁrs{ n

vari ous enbodi nent S, t he processi n sys em 9 execut es software
i nstructi ofeffern Inmet thcqad&)m thesesord der aheve the I%S@rqvaﬁsmadéwsoﬁimélne fitshe POWER

Instructiom, §&t,, @KL %@sﬁ#}t%kﬁ%@axl@ M3 Ghe sdBfd %E’ﬁ@c Fé\f; %{aﬂlﬁ]el WeAP56) . the

| A-64 instruction set I'nstruction set, and Instruction
sets. [ 009711th66® adtbn damplseidiiage 4 des ﬁemgﬁsﬁﬁrsnbdf&desd goes of rergdt Bock

Corert ?I?‘ %%gec n? ?t t?ers Lfﬂls%ggtmql%sd fo?‘ gmﬁ snée%? Rgﬁ% t%:rs 1¥1 ?heatg%:fa&j E]Bra %906

stor es ta an re instruction accessi
process | n g Isyehenir@idiantas, dlishmemogr dsnagthent pfoﬂamqes cangbes mteeéfﬁ&emt thar f or ns

an 110 Operﬁoca rrllg tt)l(ojckrs% Heref\l\éley or 1n31vac'iqld{resultsb?oc yare
[0088] In some embodiments employing this memory management technique, the
spreadsheet application 108 expects the final result block to be in the first buffer.
25  However, in some instances, the final result block is in the second buffer rather than the
first buffer. Furthermore, in some embodiments employing this memory management
technique, all merge threads in a given tier expect to read from the same buffer and store
their result blocks in the same buffer. However, an incomplete interior thread reads a
block produced by leaf threads (i.c., a block in the second buffer) and a block generated
30 during the block sorting phase (i.c., a block in the first buffer). The memory management
thread performs the operation 800 to correct these issues.
[0089] As illustrated in the example of Figure &, the operation 800 begins when the
memory management thread is woken by the spreadsheet application (802). After waking,

the memory management thread determines whether there are an odd number of sorted
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23 instructions fromthe secondary storage device 906. In various

enbodi nents, the secondary storage device 906 is inplenented by various
types of worputessreadabl e data storage nedi a. For i nst aotaiS2ethe3setondai y
storage device 906 may be inplenmented by one or nore magnetic disks,
magneti c tape drives, CD-ROM discs, DVD-ROM di scs, BluRay discs, solid

state nenory devices, Bernoulli cartridges, and/or other types of
conputer-r eﬁfé@%&leﬂ%%ﬁﬁg%%@mm%ﬁg ph08InENSt r@%cmr(ho@ntmﬂh&ecaee iar d 908
enabl es the conputing device 900 to send data to and receive data froma

conput er cOAdIHMERTt Ploplodtetindhk first pulfpr fleer Bvitad drieraighynénelusles amanaestlat k
interface Garda9Bads doiRLEFRY! foheE@ afdl £if g&@ﬂ&@@ﬁ% bRy met?ﬁ@fﬁ?ét%uffhn

various 10 enbodi ments, the network interface card 908 is inplemented as an
Et her net i (1¥#Y aefef04a the K@mqw mepnagemeot Kirdadtapicade theasekpisebutbpta elodet wor k

anot her oty e el FLES B DEbMRedl Fh 5861 Tndhis il hs bl nd PR abe bl s
t he conputMHgnd@mﬂ@enmﬁmﬂﬂmmMUtput video information to the display device
912. In di J\(}a Fnt EHProccoi]IP%‘m n%he’blocp?o t\he %ieec%n(i Ftt‘FeI}]coaCf?rge ermlnltnﬁﬁlait“ rI ea%e”t ed in

di fferent For
interface %10an sdd nﬁm@eratfdﬂloakmtgenaatemirhmettﬂmkdsomngt ﬂflﬁse:ofrﬂmtsmg)rd@vs ce 900.

I n anot her odi nent, the video.interface 910 .is.a, Vvi Xpansi on
card Beanb S0t YRS dr OrHES rhappiiianh A BThhE T epdisdit SRR e ar oe
manuf aciour edcdaplAd [ 30RE C it dighlassult! ieck @fnoiv&rdqhaax“mft af §03), toefemosy

20Cbr atlon of Santa O ara,

graphi cs cards manufactured

Cal i f or ni ama&?ﬁf“{?flh@(eaﬁy‘ﬁ% @O)grhbﬂ‘i?%?n&&?l limgiys, g IMEHPRY jppagement
enmbodi ment $hreddheaid luﬁﬁ’ﬂ Biferd\eh&fs &t ifr biﬁmiﬁémﬂioﬂds cbollcnBUe h¢pesy Of
dlsplay devi ces. npl e tépes of display devices include, but are not

limted tomae%&eﬁeabthrw Vi eulﬁilsﬁjpﬁ‘% exniiep dnspheycphadanats, the 81¢moser een

di spl ay panghssenteRthicad SEAS I dntiV tedbsPihddd RAREIS 0 LaPIGHhSRMSatioRBIRET OF S,
and other types of display devices. In |Is various enbodi nents, the video

i nterfaée omoadsbesiapnlicaitons! Ofi tAfterHbe giemsnageresnens tresl sriinjshed gwifingays. For
instance, ik YRkoRHaRERARKTRALS aganp d¥ﬂefi‘1%9es' %@tﬁéraﬁl% i%ia@ EQLRLicates with

the display device 912 via a Universal Serial Bus (USB) connector, a VGA
connect or, cample@i(8@Y). vi sual interface (DVI) connector, an S- Vi deo

Doggf;;g(r)r J C'cl')‘]nggcl?gﬁré fﬂlaﬁ {'eglﬂ MM %81%%8 ?‘If%%‘;]ﬁt‘és?gf ﬁ%ém&r%%ﬁfe%m
thread determines whether the ﬁnal result block is in the second buffer (812). If the final
20  result block is in the second buffer (“YES” of §12), the memory management thread
copies the final result block to the first buffer (814). After copying the final result block to
the first buffer or after determining that the final result block is already in the first buffer
(“NO” of 812), the memory management thread sleeps (816).
[0092] Figure 9 is a block diagram illustrating an example computing device 900. In
25  some embodiments, the computing system 100 is implemented using one or more
computing devices like the computing device 900. It should be appreciated that in other
embodiments, the computing system 100 is implemented using computing devices having
hardware components other than those illustrated in the example of Figure 9.
[0093] In different embodiments, computing devices are implemented in different
30 ways. For instance, in the example of Figure 9, the computing device 900 comprises a
memory 902, a processing system 904, a secondary storage device 906, a network
interface card 908, a video interface 910, a display device 912, an external component
interface 914, an external storage device 916, an input device 918, a printer 920, and a

communication medium 922. In other embodiments, computing devices are implemented
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[ 0101] The external conponent interface 914 enables the conputing device 900
to communi cate with external devices. In various enbodi nents, the externa
conmponentwOrherf3esse 914 is inplenented in different way®CTRSROLL031451Cce, |in
one exanpl e enbodi ment, the external conponent interface 914 is a USB
interface. In other exanple enbodinents, 24 the conputing device 900 is a
FireWre interface, a serial port interface, a parallel port interface, a
PS/ 2 i nt er {,@6€ moANGH Ok craRRIWARY colnpBfen®f anhﬁaﬁc@qg ahiRdr RARRL 8RbSNIRONPUL i Ng
devi ce 900 to communicate with external conmponents. 101021In different
enbodi ment §, coppetieg derieraioss dippdrrdute 3 mdéta filedacg] 4 divpiayl dayicehan esteeighput i ng
devi ce 900 ¢{,0,,69 pﬂgggﬂmgﬂugifferent external conponents. For instance,
in the exanple o ure e external conponent interface 914 enables

t he conput ilH§4bevi El@ 100001y 02 dpdas ezt @ mre Rompiereivadabls alatastasrgggecdirevi ce
916, the | pbicdRulfify dPandGIRET AL Bled 28 dBuRlieIcoBIRRALIRRYS, the
ext er nal onent I'n ace ena | es t e conputl ng device

conmuni cat elawstolragﬂmmedumr isfaslgeice ex argcinall mpownpameriba sto@ts hleta and/Or exfevapd e t ypes
of external onents.incl ude but are no speaker s one
char gi ng jacﬁuapnsdmdaﬂe%%%cmn%Fm§eewﬁ%cg &ﬂaF%é?ﬁggmwhsiﬁgngévF%%@p
scanners, G 1g1ptarienceanmdﬁ&renawﬁysn¢er pistande, neadets, erﬂﬁﬂlmtkeﬂle(ﬂlmmmtﬁQOZ hat can
be connect ed. t utin deV|c 900 e extern ora e device
06 1o an ST AR RD R SR fioRg USRI 85 45 el B Rdadab| e
dat a stior agﬁ)emﬂb@nptﬁrfréﬂaﬁetdata@dr%&lmécﬁﬁ liMle Obut taae nGolimitddi ﬂagdydﬁmce 900
interface with different t ternal storage devices | e types
of ext er nal"dPBragess g gpﬁééﬁ$§¥$ éw fa rafesyREyonop ?ﬁﬁ“th’Wﬁgﬁﬁtqc t ape

drives, fl MOBSE'GDDR srmm\@sredtt&ﬁnﬁteh@y thirsdv dDDReSSDRAM, ORDR 8iSTR ANII ves,

flash nmeno units di sk drives optlcaIJ ukeboxes, and ot her types of
devi ces coﬁém by %%ﬁ‘éldoﬁtat‘?%‘?’é‘%’oﬂﬁhtn@rmory sepdrbympnerydRON s ¢lestagsdy nedi a.

The i nput @Fa‘s’é‘tﬁéapl%éﬁn‘lnﬁbﬁenR@M &hdBlhe COPRONERY ickPNAld/RT LY dEst Hf@FactuRPut to
t he conputi ng devi ce 900. fferent inplenentations of the computing device

900 |nt%rfé%%mﬂwﬂhmdlfferent types of input devices. Exanple types of input
devi ces i nghjedp. D &B@esﬁﬁ’é Jls'tem Q@fjmrcﬁdesk&ﬂétb?%cgé ph@c‘é?mtégfa@éﬂk@ﬁutss

stylus input devices, key pads, m crophones, joystic touch-sensitive
di spl ay scthsenelectiaply et SQfW‘ﬁé% lrtsfrwd@m c & Vs entbgdlprre@tm the mreesssingnput to

t he CO”p”t'%Qen‘E'g&t &e z%%enﬂéﬁ‘?n REAJE ‘%Ja 92foy 1ﬁst o SLRE QQA g;ﬂ@%fnﬁ@dlﬁl t prints

data to paper I npl ement at | Ons of conpu I ng devi ce
i nterface wietfrogtisinigeyyen Wpesnmefmemmdms engor lﬁmmncboessmgpmsesof Opmstamoer s

i ncl Ud% bu& thasr gxan‘%ienembodin?ent tRe %%gssmgrs SQ(—IJIE r9?4 mapllﬁate] 1%1%)168{ | 5%" %he hot o

prlnters i nes. °recel
printers, mrmr@thttelr Cbryp:tamabpldessscﬁes Ih hlabthﬂf emtnpwaelabdmtsm,p&ue pro&@suﬁg)104]

The connunlc t| medi.um 922 facilitate ni cation a t he  har dwar e
Coromant o g R i ERETEE e, PR bo Bl TS Mar SR Spaa st o e
conmmuni cat |e@a?ﬁpmadb¢maﬂ 2Ahd @gtésmh@t}a&ncmm ﬁh[ﬂahd:rﬂmi AAD m@tﬁ itHfat proeiaks f
conponents o ut i evice 900. Fo st an in the exa e o
Figure 9, t*lPFé?lftEoﬁﬁ‘i}tﬂnng‘éﬂh gﬂs}’e‘rt%‘tfiﬂt?ﬁtewlt &E‘PPQP Pgite echﬂ‘i?ﬁ?t‘??c%PtSf"*Hh éaﬁmng t he
menory 802, kprdv'ﬂ:i%s R¥cOBie $&cllBnasinstyeu¥ingon AMIC ahdBy sQEANGALNwWSE alsaa@iocdeVi ce 906,

the network interface card 908, the video interface 910, and the external
conponent 198} f acl® different erbpdimepisnthe RECEHRRL S ICBN QOB FeXEREES CHHPRS ng

devi ce 900 instfQioh THLUNIERA! PREuIIBA LR $82 ihRankdPIne PRYE keritddhhdnfseTgNt ways.
For instance, in different inplenmentations of the conputing device 900, the
processing system 904 executes software instructions in instruction sets such as the x86

instruction set, the POWER instruction set, a RISC instruction set, the SPARC instruction
30  set, the IA-64 instruction set, the MIPS instruction set, and/or other instruction sets.

[0097] The secondary storage device 906 includes one or more computer-readable

data storage media. The secondary storage device 906 stores data and software

instructions not directly accessible by the processing system 904. In other words, the

processing system 904 performs an /O operation to retricve data and/or software
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S comuni cations nmedi um 922 may be i nplenented as a PCl bus, a PCl Express
bus, an accel erated graphics port (AG) bus, an Infiniband interconnect, a
serial Adwenoad3dschnol ogy Attachment (ATA) interconnecPCTaAISpanABl4es ATA

i nterconnect, a Fi ber Channel interconnect, a USB bus, a Snmall Conputing
systemlInterface (SCSI) interface, or another type of conmunications

medi um to0101051The nenory 902 stores various types of data and/or software

i nstructi oRgufiRhs | fAsHh AR egecdn@altyh@tofazé@rmlv@e 0§06 UG RioRs dnibRdiRAR! ¥h902
stores a Basic | nput/Qutput System (BI OS) 924, an operating system 926,

appl i cat i ofceopdarnaiPeago deyiceatld iprarjerashtebivavayges typereofBroBUgDFalabl ditfes a set
of sof t war gl AStiddel | BRSnddHL  thMA&Dn B a8 1O cd SR REPEERRIAGeR¥SEEM 904,

cause the conputing device 900 to boot” up. The operating system 15 926
i ncl udes a o8eer rofre supBncisdesks, agnefsttiperisivesh £D-RAlYedises xla ¥ Dt RAMixdiscs Hlu-

processisng gy S§i&n E&f& stafY gﬁmfoﬁﬁ dg\g%ytﬁeﬂguﬁeﬂrﬁﬁiggso OunliRr PthPeYi Qﬁesagf

operating systemthat coordinates t activitres and sharing of resources
of the conponpuig-delableala@B®ragenadpl e t ypes of operating systens include,

but are no Lt to crosoft \Wopdows, t. Linux i X | e X, Apple
&5 x| Phond W) Tt MR b B s b MkimeclBl o088 Sy OB
and so on. tdhel @ppvd daat fran asohipuar eord@dnicatioh ndesria Betiffatntsafbodarcats,

i nstructions that, .when ex ed by the processjng system 904, cause the
conputi ng_ dBIFEETbITEe Frv uE mplrieaid FoRLIEE! SRS Lt SPmP e RN | ng

devi ce 1900 .embbdimpiitoahanttdaikain®scd Sardad@ isgapenahed aana/Biicrits @dedigethe
application software 928. Olog_’IBThe various. enhodi ments descriped above are
provi ded by°KFAYINS MO Lqriaes. §AFEORSGI Ny INHBGE-¢ WEHCH NGRS IBEF as

limting. TheswiskiMiMed ctdd, I)Moﬁhélttyﬁé bl netv@aliditfab€Cogni ze vari ous
nodi fi cati ons and chan.ges, t hat m{é e made without follow ng the exanple
enbodi nent 40098b appls Wdeq Bfars PLE epables dha fempreieg rdepiss AR te PHPUFEAc e x anpl e,

the oper at ii3Bgn509 Wthk RishR§ dbViEMO BS BT IFET hibo GHRAB) BS vidbd inY@fakb QYR
enbodi nents, simlar operations can include nore or fewer steps than those

shown ilA t keinfrleyeangss, in mifferend pvapp-e FoRTRtANGST Hepncerpmalicrasiodimest, fhq wgeo

oper at i ons ;Gam b B¢ {fidehG dSThSPS mBhe ldSrd UIGhALIA%ing OV odb. Liinbinglr €s in
different orders. VE C?%AI M 1. gl et hog' conpr(% Sl na§ di vi d(lﬂ)ng data items in
a spr eadshesmplaphbodimen, &e pidge anterfage 610 i oeikes cxpghsien ¢t Eineple hiveads to
sort the d%&‘ il oer&pa{ng'ioh h@arﬁ’sl qgéﬁ%d'e %Héoﬁr I‘ag icgaga?ds' tnﬁlﬁﬁfa& e[:lhﬁy b}\ﬁcks are
sorted, using, by a conpufing system nmnul £iple nmerge threads to generate a
final resulleclbgles, Inhef Manldiany, Omtdrio, Glook graphicacmilnhgameadurod by heidiat a
itens int spr.eadsheet b ch of. the thr s being a thread

t hat rrezriage}s&% v?gatfégﬁfgaen%b %c ggléfS%gdéﬁ%C?%{l‘%t eggégf%%h%l%%g', each of the

sour ce bl o¢kd0bei np eiribtie embetkmadts, tthe dsplay eldvibé Otk & miipl@nentedf ast vegionesul t

s gen%;p%g gfd displ}faya&(\)fltcgs? rEX%nm%leot];pé[sho dljs'l())ltsg3 rd(glfelcets ri]nrc?u g,st;ut are not limited to,
cathode-ray tube displays, LCD display panels, plasma screen display panels, touch-
sensitive display panels, LED screens, projectors, and other types of display devices. In

25  various embodiments, the video interface 910 communicates with the display device 912
in various ways. For instance, in various embodiments, the video interface 910
communicates with the display device 912 via a Universal Serial Bus (USB) connector, a
VGA connector, a digital visual interface (DVI) connector, an S-Video connector, a High-
Definition Multimedia Interface (HDMI) interface, a DisplayPort connector, or other types

30 of connectors.

[0101] The external component interface 914 enables the computing device 900 to
communicate with external devices. In various embodiments, the external component
interface 914 is implemented in different ways. For instance, in one example embodiment,

the external component interface 914 is a USB interface. In other example embodiments,
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di splaying a sorted version of the spreadsheet table, data itens in the
sorted version of the spreadsheet table being ordered according to an order
of the dawve20t1er38937n the final result block; and det er mPoirnig2@n/0aaps opri at e
nunber of bl ocks based on a m ninmum job size and the 15nunber of processing
units in a processing system the appropriate nunber of bl ocks being equal
to a number of rows in the spreadsheet table divided by the mninumjob

si ze roundegt éiﬁ%uﬂé‘@éhéé’%o%‘@hﬂfevﬂk fn@#ﬁcéj'avs'eﬁﬁ%o%ﬁn{e%céﬂar}iafﬁlﬂm p&ab size

is less than or equal to a nunmber of processing units in onput i ng
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cameras, a fingerprint reader, and other devices that can be connected to the computing
device 900.
[0103] The external storage device 916 is an external component comprising one or

15 more computer readable data storage media. Different implementations of the computing
device 900 interface with different types of external storage devices. Example types of
external storage devices include, but are not limited to, magnetic tape drives, flash
memory modules, magnetic disk drives, optical disc drives, flash memory units, zip disk
drives, optical jukeboxes, and other types of devices comprising one or more computer-

20  readable data storage media. The input device 918 is an external component that provides
user input to the computing device 900. Different implementations of the computing
device 900 interface with different types of input devices. Example types of input devices
include, but are not limited to, keyboards, mice, trackballs, stylus input devices, key pads,
microphones, joysticks, touch-sensitive display screens, and other types of devices that

25 provide user input to the computing device 900. The printer 920 is an external device that
prints data to paper. Different implementations of the computing device 900 interface
with different types of printers. Example types of printers include, but are not limited to
laser printers, ink jet printers, photo printers, copy machines, fax machines, receipt
printers, dot matrix printers, or other types of devices that print data to paper.

30 [0104] The communications medium 922 facilitates communication among the
hardware components of the computing device 900. In different embodiments, the
communications medium 922 facilitates communication among different components of
the computing device 900. For instance, in the example of Figure 9, the communications

medium 922 facilitates communication among the memory 902, the processing system
25



5. The method of claim4, wherein the inconplete interior thread perforns
at least the follow ng actions: determ ni ng whether there are any
remai ni ngwoaba/iesns in a first block, the first bl ock Ipers2eihe3zdesul t
bl ock generated by the child thread of the inconplete interior 5thread,
performng the follow ng acti ons when there are one or nore renaining data

items in the first block: determ ni ng whether there are any remai ni ng
data itensgph R FEGRIAL s@drggekdevch@O§ m&@w&k%&f&@bm 998.hIPach fnerfabie
inconplete interior thread’ toperformng t | owi ng actions when there

are one or h®r&dr hegxtraR) ‘U’&tpanw dnigripge ?He Iéébgﬁéntbl%&%nentatlons of dent i fyi ng
a mnimm g@ﬂlﬁuti % Q@icd SR {ﬁ'e@%)lrﬁ]ﬁ'ﬁhﬁ%oﬁs ke @iThebh r@ln’fp'ﬂ&n@%%'llll &fereff whjRe.

remai ning data 1fems in the first block and the second bl ock; I nserting the
m ni mum datfar i ngtandentio iféereng s implerdndations odfi o n@mméngLSd@zvcge:?@O,dahqa item

in the 1 es‘d%m‘&hlgﬁl%ngl SRERA 5 B%P%&%Qﬁ&% KLEPENLR! hﬁh tEQél%Qsdb

i nserting, ere are no re ata Items I n’ the second 1onck, any
remai ni ng detelrdt¢de gmphins tphg (fAiG%E)t bltsl @ukinfimband: hecrc@medtt abdeoalk Adeaneedat ed by

t he i nconplete inte r ovmn the g ala iteminp.the
rasul 1ol ode SolancouRbattl CERy) el o B pPRTh, Hudyhhas ki
det erm ni n@hamﬁebmtdr&fmmectaer @SB(bus enSmaﬂl ggmgating syttementerfadch8CSBHdmadada] ock,

whet her the child thread is wai ting, when the child thread is
not done, ORP1YDF F&° 8%%8“?‘“?%8?? B anot her data itemto the second
bl ock; 1251 @S] i ngThevhetiorly 962 abick daridik e@es dfSlatane/or @iftyvafein@iudiing. Gat a it ems
0 Lhe second, Bl ock Loneyt egheat  PLock generated b el acorml ot
gener at ed byIdd)®24 NGOHRYLIE s}yﬁérﬁ@Q@,rapbhéa‘ﬁ@ﬁi software 928, and program data 930.
The BIOS 924 includes a set of software instructions that, when executed by the
processing system 904, cause the computing device 900 to boot up. The operating system
15 926 includes a set of software instructions that, when executed by the processing system
904, cause the computing device 900 to provide an operating system that coordinates the
activities and sharing of resources of the computing device 900. Example types of
operating systems include, but are not limited to, Microsoft Windows ®, Linux, Unix,
Apple OS X, Apple OS X iPhone, Palm webOS, Palm OS, Google Chrome OS, Google
20 Android OS, and so on. The application software 928 includes a set of software
instructions that, when executed by the processing system 904, cause the computing
device 900 to provide applications to a user of the computing device 900. The program
data 930 is data generated and/or used by the application software 928.
[0106] The various embodiments described above are provided by way of illustration
25 only and should not be construed as limiting. Those skilled in the art will readily
recognize various modifications and changes that may be made without following the
example embodiments and applications illustrated and described herein. For example, the
operations shown in the figures are merely examples. In various embodiments, similar
operations can include more or fewer steps than those shown in the figures. Furthermore,
30  in other embodiments, similar operations can include the steps of the operations shown in

the figures in different orders.

26



6. The nethod of claim1l1l, wherein the nerge thread include a parent thread
that starts generating a result block before child threads of the parent
thread are finished generating 30their result blocks, the child threads of
the parent thread being other ones of the nerge threads. 7. The nethod of
claim1l, mhgre n the nmerge threads include a leaf thread that performs the
follomﬁn B determ ni ng whether there are any remai ning data
items inja flgghmmbgg&nﬁﬁ§hgned to the leaf thread, the first block being
one of the sorted blocks; performng the follow ng actions while there are
one or nore ddumhngdmmlwnBUMQspmaémcﬁndﬂkuuﬁdeheﬂnynfh@cmhether there are

any remaining data it.e n,a sec ck as to the leaf thread, the
second bl ock B%‘P%dnﬁl&prﬁB’iea%té? SBF%%@%@??@H“ ‘%F%Sg performng the
fol | ogi ng act Lash¥aaR 1tEfﬁ‘§'h?tlﬁrb¢ocﬂt§§reOsrort€@ﬂ%u%abﬁa 'cbn%ﬁﬁtlﬁgqsytsfé% second

bl ock: 10identifying a mninumdata item the mninmm data |ten1be|ng a

smal | est noftiplé: mergrthreradnty gracratd a Bmal irgsultidodk; thetfingl reswlt bledk comaisegond

bl ock; insertin m ni 0 resul t . bl qck . d by the
Ceat & hr B0 oo e BB Srspdifes ol At el e B wikadk el 8TBy “hnen
there ar ghabmefREBvE so\dcélBlodkd fo@RRerhie alrdsuls6a) dadt SXake saunde Hléél@r&my ng dat a
items in the first block into the result bl ock generated by the | eaf thread

af t er t heithegoge of thaspred blegks or onpef thegesult oeksigenerated dy adotbyr enecof|the f
thr e%i ; merge threads;

displaying a sorted version of the spreadsheet table, data items in the sorted version
of the spreadsheet table being ordered according to an order of the data items in the final
result block; and
determining an appropriate number of blocks based on a minimum job size and the
15  number of processing units in a processing system, the appropriate number of blocks being
equal to a number of rows in the spreadsheet table divided by the minimum job size
rounded down when the number of rows divided by the minimum job size is less than or
equal to a number of processing units in the computing system.
2. The method of claim 1, further comprising: presenting a user interface that allows
20  an administrative user to set the minimum job size.
3. The method of claim 1, further comprising:
determining, by the computing system, whether the number of data items in the
spreadsheet table exceeds a lower limit; and
using a single thread to generate the final result block when the number of data
25  items in the spreadsheet table does not exceed the lower limit.
4, The method of claim 1,
wherein one of the merge threads is an incomplete interior thread when the number
of blocks in the plurality of blocks is odd,;
wherein the method further comprises: assigning one of the blocks to the
30  incomplete interior thread;
wherein the result block generated by the incomplete interior thread contains each
of the data items in a result block generated by a child thread of the incomplete interior
thread and the block assigned to the incomplete interior thread, the data items in the result

block generated by the incomplete interior thread being properly ordered.
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I nserting, when there are no remaining data itens in the first block, any
remai ning data itens in the second block into the result block after the
| argest data itemin the result block generated by the | eaf thread. 208. The
met hod of claim7, wherein the |eaf thread perforns the foll ow ng actions

I n respopse tg bei ken: . determ ni ng. whet her | argest data item
n the fPrst ShEEEIY CEkan dy whrsin G SAMPUSE etics IReabperpina ks
bl ock; followin%]&‘?irof)é)r m ng, when the largest data itemin the first block is

smal |l er than the s_mail | est 25data itemin the sepond_ bl ock, at |east the
f ol | owi ng act deersnininglwhether trepaateragy achodiningdata ittmsaniatfastsblock, thedirki r st

bl ock and the .second bl qck: Il nserii the data iteps .ip the first

bl ock | nplst Feine B erult otk esperusipahehid fucadiarfths feobflets alior

i nserding.dlae data items in the second block into the result block after a
30l argest dafa itemin the result block generated by the | eaf thread;

det er mi ni ng wperfammingath dollpoving deticmsiwhemthane ateeons @ orede tmniking datentghiser t han
a snal | est d?.ts? H min the first block; per form ng, when the

| argest FaPSIFY8IAKn the second block is snaller than the smallest data

itemin the first @dtogkiningtweds thetdfrefafl kaiinig Aatal iRAS inalsBed HisUKDar i ng
additional data itenms in the first block and the second bl ock:
i nserting thethgaeeondibdesk teingassigaediortbe incompleimintsrionthreadsul t bl ock

P ret bl ock | nt o« RaTrmity FeoRe peions MUATIEL PR P PRuree e T ecu
bl ock gener at gfla iymt bethegaédontibi@kd. 9. The nethod of claim 1, wherein
di splaying the sorted version of the spreadsheet i i
identifying a minimum data item, the minimum data item being the
smallest of the remaining data items in the first block and the second block;
inserting the minimum data item into the result block following the

15 largest data item in the result block generated by the incomplete interior

thread;

inserting, when there are no remaining data items in the second block, any
remaining data items in the first block into the result block generated by the
incomplete interior thread following the largest data item in the result block

20 generated by the incomplete interior thread;

determining, when there are no remaining data items in the second block, whether
the child thread is done;

waiting, when the child thread is not done, until the child thread adds another data
item to the second block;

25 inserting, when the child thread is done, any remaining data items in the second
block into the result block generated by the incomplete interior thread following the
largest data item in the result block generated by the incomplete interior thread.

6. The method of claim 1, wherein the merge thread include a parent thread that starts
generating a result block before child threads of the parent thread are finished generating

30 their result blocks, the child threads of the parent thread being other ones of the merge
threads.

7. The method of claim 1, wherein the merge threads include a leaf thread that

performs the following actions:
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tabl e conprises sending result data to a client device via a conmuni cations
network, the 10client device configured to process the result data to

di splay the sorted version of the spreadsheet table to a user. 10. The

met hod of claim1, wherein the spreadsheet table is a pivot table. 11. The

met hod of claim1l,. wherein the result data is, a ver.si f the spreadsheet
Labl o i n whi cHeRunScaes JETs e repbdgsRatemsifed tst tock pged 0
or der ed. thbded thresD TRUEIsDBloSl BERFLAOHPhE Sl blgckR! OCeSSi ng system conpri sing
a plurality of processing units; and a data storage system conpri sing

conput er - r eadptrfemingthe dellavoing activns whiledhere escaneend nigye dafe ilgmsimthe fokt t he
pr ocessi E@ l%J.ni ts, cause the conputing systemto: divide data itens in a
spreadsh tXtable into a plurality of blocks; 20 use nultiple block

sortiqng threads todaedhiningSvittie? ther€AR ah{ rérhisinidk AateSitenyd18lSetbridRodkumber  of
the bl ock sorting threads is equal to the nunber of the bl ocks; after

the data it ensgssigned ethplesf Myead, thessseensiblockskeing anatlsir eneref the sprtekads t o
generate a fimB,r%l result block, the final result block containing each of
the data ite yﬁ’n t he spreadsheet table, each of the nerge threads being

a thread that rrergg&fém«@ngsm@rf@lamhg@&ﬁodsw@ﬁmmab& chelog Sidré dith @tetns iach of
the source bl ocks being elther one of the sorted bl ocks or one of the

resul t bIocksﬂGéﬁﬁmdﬁéﬁ*by anot her one of the nerge threads; and display a
sort g verston o e SBARICE AN R b S A 00
smallest of the remaining data item in the first block and the second block;
inserting the minimum data item into a result block generated by the
leaf thread after a largest data item in the result block;
inserting, when there are no remaining data items in the second block, any
15 remaining data items in the first block into the result block generated by the leaf
thread after the largest data item in the result block generated by the leaf thread,;
inserting, when there are no remaining data items in the first block, any remaining
data items in the second block into the result block after the largest data item in the result
block generated by the leaf thread.
20 8. The method of claim 7, wherein the leaf thread performs the following actions in
response to being woken:
determining whether a largest data item in the first block is smaller than a smallest
data item in the second block;
performing, when the largest data item in the first block is smaller than the smallest
25  dataitem in the second block, at least the following actions without comparing additional
data items in the first block and the second block:
inserting the data items in the first block into the result block generated by
the leaf thread; and
inserting the data items in the second block into the result block after a
30 largest data item in the result block generated by the leaf thread;
determining whether a largest data item in the second block is smaller than a

smallest data item in the first block;
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itens in the final result block, wherein the nerge threads include an
inconplete interior thread when the nunber of blocks in the plurality of

bl ocks is odd, wherein the conputer-readable instructions, when executed by
one or nore of the processing units, further cause the conmputing systemto
assign one of the blocks to 30 the inconplete interior thread, wherein the
i nconpl et e i nPEFTBING, g&legléﬁgﬁég&lteén My IS?COBFi@i%E(tIﬁgPalE%ﬁlﬁaé’ithg each of

the dat aghfiRABddditémif el first10K agl%ﬁkﬁ kiR 18 o Rihgachbhd \Qitfﬁ(ﬂft e8fipRfing he

inconplete interior thread and the block assignhed to the inconplete
i nt er i or additiwtidats itemd ant theifirstridodkrantlee seesnd blobk:ock generated by the

5inconplete interior t.hread, bei ng properl rdered, the il.d thr bei ng
anot her one of the‘"ﬁ@%lﬁéﬁlekﬂagaa'ﬁeé’% mltgé.)se’fﬂ%d 8@%3’3?”&@%‘?@%@“&% 12,
whered n the cpppitigiriieafialle i nstructions, when executed by one or nore of

the processing units, cause the conputing systemto determ ne an
appropri at e nunber insértihg theldataidgenestindhe firshblockrimo theresiiltzlloekneftariadangestber

10of processin nits,.,nt rocessi ng syste t he appropriate nunber of
bl ocks bei ng %agﬁﬁf’mtlgﬂ}f rﬁﬂﬁﬁggcl%genpwéea%?yu%gﬁqa?yﬂgqfpr ocessing units in the
conputi ng sySTEMMAMSA oft cRHSvhékin’ BVfatifg iHRSoRER Pasidh@ethetspRlagsidei ded by
the m ninum job size is greater than or equal to the nunber of the

pl ur al i tipblsfcopipsisesssehdige uesultslataropiedieptrdsyiss iagycaymupigations aetwirk, thenput i ng
oS L BRI Pk ST B AP B L8 VRIS o

execut ed” by caus orrpueti ng system
t o: spréRisRdeitabi: tohaalsber the nunber of data itenms in the spreadsheet
tabl e exceeds a lower limt; and use a single thread to generate the

final rebllt Bhowrtharehickaie Inwherein tbe spaadsheatéahle s nivel tahlpeadsheet tabl e
does not ! ﬁxce’f‘ﬁe fBfol Qe irléh ”%vher%{%ltﬁe Fgﬁlt GaIRYA b&@io@%ﬁﬁe@lp‘i’éag&#%{ {Zbﬂez’
abl'e'i'n a spreadshee

wher ei n e conputer-rea I structions represen

appl i cat inoshich tHe. datdientOiAphe spreadsheet eisleadre ptoperly drdersdher ei n t he nerge
threads further include a parent thread that starts generating a result
bl ockd betdr e AKPMPUtin svstm ePMPHENGar ent thread are fini shed generating

thei  resul v phaekSing6eobibrsSAafly irlfoRREREniILRAd Dol ng 25 ot her
a data storage system comprising computer-readable instructions that, when
executed by one or more of the processing units, cause the computing system to:
divide data items in a spreadsheet table into a plurality of blocks;

20 use multiple block sorting threads to sort the data items in the blocks,
wherein the number of the block sorting threads is equal to the number of the
blocks;

after the data items in the blocks are sorted, use multiple merge threads to
generate a final result block, the final result block containing each of the data items

25 in the spreadsheet table, each of the merge threads being a thread that merges two
source blocks to generate a result block, each of the source blocks being either one
of the sorted blocks or one of the result blocks generated by another one of the
merge threads; and

display a sorted version of the spreadsheet table, data items in the sorted

30 version of the spreadsheet table being ordered according to an order of the data
items in the final result block, wherein the merge threads include an incomplete
interior thread when the number of blocks in the plurality of blocks is odd, wherein
the computer-readable instructions, when executed by one or more of the

processing units, further cause the computing system to assign one of the blocks to
30



17. The conputing systemof claim 12, wherein the spreadsheet table is a
pivot table. 18. A nethod conprising: dividing data itens in a spreadsheet
table into a plurality of blocks; using nmultiple threads to sort the data
items in the blocks; 30after the data itenms in the blocks are sorted,

using, by a cgnputing system nultiple nerge threads to.generate a final
result bl ock, 8FH%°°F‘? elp iptgrey thregd oxhereip fheinRomplelsdpigrigr ¢ EFHERS fens i n

the spreadsheglyf BRIR tha? 86ktainl eddhC MRS &fa 1ENS AASrIRk PR obitrAgd by hat nerges
two source blocks to generate a result bl ock, each of thée source” bl ocks

bei ng either ol thfead tofithesnearepletolintckior threadand the ok assignéd toshecks
generated by anot her one. of. the nerqge. threads, th rge threads including
a leaf thr ead"’tcﬂgpﬁa'beelf#]e@roﬁ@“?q’?g tbfeo({a&o]\’ﬁr?usgmgget fesSHs Slogglgg?eﬁ’?tﬁ‘iq ﬁ&ﬂ?ﬁnet her

t heres are anyincempield ebridatiedd Wiy ﬂf)ﬂa &1y brdefed Pihe ckil@asédnRihd Moltee | eaf

thread, the first block being one © Fhe sorted bl ocks; 5performng the

fol | owi ng act pamef thiimergettheeads.are one or nore data items in the first
are renmai ni data itens in a

cecond blbck 6 FORRIED YRR ey Sufe AL obBIR PRt Mlhi ™ot ner
one of thfesekdcaddby@ak o mbaPEf the procegidghaifs 0ddusiihe Gomplilidnsyswhery t here are
one of ngétgmgigé gn appropriate number of blocks based on a minimum job size and the number
10 of processing units in the processing system, the appropriate number of blocks being equal
to a number of the plurality of processing units in the computing system when a number of
rows in the spreadsheet table divided by the minimum job size is greater than or equal to
the number of the plurality of processing units in the processing system.
14.  The computing system of claim 12, wherein the computer-readable instructions,
15 when executed by one or more of the processing units, cause the computing system to:
determine whether the number of data items in the spreadsheet table exceeds a
lower limit; and
use a single thread to generate the final result block when the number of data items
in the spreadsheet table does not exceed the lower limit.
20 15, The computing system of claim 12, wherein the computer-readable instructions
represent a spreadsheet application.
16.  The computing system of claim 12, wherein the merge threads further include a
parent thread that starts generating a result block before child threads of the parent thread
are finished generating their result blocks, the child threads of the parent thread being
25  other ones of the merge threads.
17.  The computing system of claim 12, wherein the spreadsheet table is a pivot table.
18. A method comprising:
dividing data items in a spreadsheet table into a plurality of blocks;
using multiple threads to sort the data items in the blocks;
30 after the data items in the blocks are sorted, using, by a computing system, multiple
merge threads to generate a final result block, the final result block containing each of the
data items in the spreadsheet table, each of the merge threads being a thread that merges

two source blocks to generate a result block, each of the source blocks being either one of
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items in the second block: identifying a mninmumdata item the m ninmum
data itembeing a snmallest of the remaining data itemin the first bl ock
and the second bl ock; i nserting the m ni num dat a
iteminto a result block generated by the 15l eaf thread after a |argest
data itemin the r&zult bl o serti n here are no remaining

data i tef§ sore Hlo cenaneopgélp@ resHy etk $PRE il 2o o B AIFEE bl ock
| N0 Thek&a the ReARKhAGICHRhAhae %f;{ﬁg[ehgﬁfat pOYISAR B IdtfowiifadiBhgest data

itemin t e resu | ock generat I thread; and 20inserting,
when there are no dﬁcmnmnggvhbiha uht:lenaelanytmmafmmgtlatbllmlks imafirsteblachi ng

data it in th |.ock t |t bl he | t dat
fom i n the ESERES B BEIEDUREHLHES B PIOHE DT BB ne BB A oSl aying &
sorted version of ﬁ&ﬁ)rﬁﬂ%&g%@ﬂ’&hng%@ﬁ@ns @ﬁi@thbfe% oh& of BRrS@ith ﬁgm‘é‘?ﬂ sion

of the spreadsheet” table being ord according to an order of the data
items in the thedm$t lhonkesul t bl ock.

determining whether there are any remaining data items in a second
block assigned to the leaf thread, the second block being another one of the
sorted blocks;
10 performing the following actions when there are one or more data
items in the second block:
identifying a minimum data item, the minimum data item being a
smallest of the remaining data item in the first block and the second block;
inserting the minimum data item into a result block generated by the
15 leaf thread after a largest data item in the result block;
inserting, when there are no remaining data items in the second
block, -any remaining data items in the first block into the result block
generated by the leaf thread after the largest data item in the result block
generated by the leaf thread; and
20 inserting, when there are no remaining data items in the first block,
any remaining data items in the second block into the result block after the
largest data item in the result block generated by the leaf thread; and
displaying a sorted version of the spreadsheet table, data items in the sorted version
of the spreadsheet table being ordered according to an order of the data items in the final

25  result block.
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