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 5 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

tabl e based on how nmuch a certain KpRUY® X ont ai ns of each of the 10
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spreadsheet tables.” Continuing the previous exanple, the user may want to
sort the cdbumramila & Nercajshehdppleation abl endbles @ disentohvwwnudhmefipdateer t ai n

product i s (R, FRGH | LGN RIS 8- di%t%%%][ptdaugﬁ”a% écﬁlérﬁl?sdﬁ}e?&fef;e les,

t he process of sorting rows 1°'n a spreadsheet table can be relatively sl ow.
Such pr ocesarahgusde|layiss camplti the ogis cantamenluss indeatmgahventvoiag bt thoproducts
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performed on a r sheet table. In the sort process, data ite in the
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are 20 gse@rddactsold othrecattal @eistvedn® td be detotdoaaks colwxhiiein spRredstiadt @abldsens i n

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
the final rd?ﬁl%lte @ hEKthe QQ&%LFME%HM% ¥e%fis%re8\fé‘tﬂ@% %k!agg%@%}b‘?e a

sel ection of concepts. These concepts aPe urt her descri elowin the
Det ai | ed Description. This summary PEMMARY nt ended to 30i dentify key
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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.



summary intended as an aid in determning the scope of the clained subject
matter. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005] Figure 1 is a bl ock diagram
i 11 ustratwogonm3eyanpl e conputi ng system [0006] Fi gure 2cirassaoibiosniks di agr am
illustrating an exanpl e alternate enbodi ment of the computing system
5[0007]Figure 3 is a flowhart illustrating an exanple operation to sort a
spreadsheet table. [0008] Figure 4 is a diagram show ng an exanpl e thread

tree. [0009] Figure 5 is grigopwesaripTibNYst Tt Dk win@ganpl e operation
performed by a leaf thread during the nerging phase of a sort process.

10[ 0010] Fi ¢@08] 6 i Bigereflliphelnely diagrpmulustrating g capmpIR SPPPEINgSEYE1 on per f or med
by ‘an i ncongogf € 1 REGEICL Jtib&aH £IQQ]#’I;IISI Fli Y iexbmpR dhelda@UENRment of
illustrati @ a}n exanpl e 1o;glerat | oaﬁgrper orrnelgéu%lyexam?on%ﬁeetae I nt e%?egr 0t hr ead.

[ 0012] Fi guithe ®@mipgting fybtomchart illustrating an exanpl e operation perforned

ot ocess” [OUPI| A ouraeg & VR BHGHal: Wi R RITS SrPL kiRl
conmput i ng dkbld. ce.
[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.



DETAI LED DESCRI PTI ON [0014]Figure 1 is a block diagramillustrating an
exanpl e conputing system 100. The conputing system 100 is a system

conpri si MYyOane/1B3693mor e conputi ng devi ces. As 20 used hererS2@1082¥plt i ng
device is a physical, tangible device that processes information. In
various enbodi ments, the conmputing system 100 conpri ses various types of
corrputi ng devi ces. For exanple, the conputing system 100 can conprise one
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conputlng evi ces, smartphones, standal one server devices, blade server
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di splay syst 106, .| ¢ sh te at [ € od| rents, t he
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st orage nedi A co uter-reada | e data storage nedi um| a physj cal device
or article ??ga%ﬂﬁff‘ 4% dngdpy. © F C@%ﬁ‘fﬂréadﬁg’leéiﬁﬁrﬁ“ﬁﬁed‘a? 4 iy ﬁglt(}%‘ft ile or
non-vol at i Ia@fownoﬁsrgeggaﬁn@m@hdﬁgnts the data storage system 102
conprises one or nor e onput er-readabl e data storage nedia that are
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i ncl ude ra%ﬁ&%@%@%ﬁ@% phIRAMn 1022 aH <AL ¥mBBHREMs GRMhe @R {t6@be di sCs
(e.qg., DVDs Ray di scs, HDDVD di scs, etc.), magnetic disks
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S0 on. In sone nbodi ments where the data storage system 102 conpri ses
nmore than dmtrlhs@dwt@ tweadabie ofi cacosmuicatradsbddilumstordee neahpuieptheeadabl e

[0017] The- SaPanaeRs SErClE, Ll 1658 REHaT I RunPlS: PERE AR ROt ER one
r epr esent i mgdabls pleadoheeet magipini dhd icompl@Breadables avbuawbo dicpresengng\ier e t he
data Stz(ar a%greadsheet application 108 are stored on only one of the computer-readable data storage
media.
[0018] The processing system 104 is a system comprising a plurality of processing
units 110A through 110N (collectively, “the processing units 110”). In various
embodiments, the processing system 104 comprises various numbers of processing units.
25 For example, the processing system 104 can comprise one, two, four, 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.



15 system 102 conprises nore than one conputer-readabl e data storage

medi um the conputer-readable instructions representing the spreadsheet
appl i cat iwo 2008136932 di stributed across two or nore of tir€eTASAPU0EI49F eadabl e
data storage nedia. In other enbodi nents where the data storage system 102
conprises nore than one conputer-readabl e data storage nmedium the

conput er-readabl e instructions representing the 20 spreadsheet application
108 are st @§@g) on PRy ¥is AL sRfent 166 GOMRILEN uﬁ&laQaQJeeprQ&%ﬁngSEﬁfe%ngom' a.
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processi ng dishlay dnformwion i awem. 11 ONIqUE sMbedinepe edﬂsfphé Smt%é%udﬁg Wi t s

1107) . 1IN Y@binQsn ?&?Qgérqﬁ%ﬁoust@op@%%ﬁlpﬁbg i Yoth E B RefnGRTREJ $i§Siay/ar 1 ous

nunbers of processing units exa , e processing system 104 can
conpri se omsten @) compuiscs agdreyiics l@ﬁlﬁ@é@lrrdamhmtqry two, sixty-four, or other

nunber s ;of ess hysi cal
't eor at eq 1AZBE 5T TGk iR D0 B ik BB AT ALY BB b e 1Y

executing cowdpie emstnuamﬂ@bh:e iepisbantighd smsadabqen@hplaam 198.f ridm tdeeputtrher ones
of the pr Oce%%lg Bttt ct10ns t%lt rte]?eresenta tha a%r[aacfsléeﬁ apph@ o ?glwq%n%gecqfed]qy h$an

|ndependent y exedute conp ructir’ons in para W th
one anot helprocbsmngonmtsenﬁpchamnt}& conatiog yore mo tm@rqamdmﬁ&:ssmgadslhmets 110

can |nd|V|d e nor.e gjcal processin

Comput er - r el Re TS cpinbee ZRP Ratap LRty SR AT T b ca

pr ocessiong ok bt ﬁaomr@agheatthlaéw sepaadshbdtkebls BadatPthacie SBganedini b sable WO
2011/ 13693 PCT/U82011/032495n%0019 The di ay system 106 |s a systen1used
by the procl@8s% AG° Y EYENCTHA i S gra§ CP@‘B}S‘F met PR eeétqli’ie 2 97 ar i ous

enmbodi nent sfanctdgaylsys Sa@'daﬁé ss&te@maﬁl@&halta&)maamataloaﬁ OF Bk Qdtati@véhtdd$ Qlatal N
vari ous ways. For nbodi nents, the di spl.ay system 106

conpri ses gnlj%/p#ﬁ%sb lihﬁg éﬁ‘iaaététlsélﬁ%i détarr@ﬁlpltl%iwn @f?@@zﬁparﬁ@%ﬁaee%nﬁ@l units

110 i n the jph OGERS AGta SYoE Mtd AdicRHRCHLE of By Qtﬁém%@stohﬁ@lQ@Qb%at can
instructions that represent the spreadsheet application 108. The
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in a table. (50021] Cells in a spreadsheet table can contain val ues having

various daf'®" ¥yPes. For exanple, the values in cells can be integer
nunbers, r ¢@l22nunbEiieSsprdallg@tt dpgli@@ibmt O kdbes &, 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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al phanunmeric text strings, dates, nonetary anmounts, Bool ean val ues, and so
on. In addition to the values in the cells, each of the cells can have a
vari ety ovoabhemeproperti es. For 20 exanple, each of thecralshelivadhave a
background col or property, a font color property, one or nore flag
properties, a visibility property, a font style property, a font size
property, and so on. [0022] The spreadsheet application 108 is able to use

mul tiple thgraps tm@l@ﬁﬁ&é%@orﬁ@érﬁbog{@&l%sale%eadsﬁw%mg% abhakl bleA thread
is a portion o programthat can run 25 independent]| and concurrently

wi th ot her Appivet f@lﬁg isof sprepslshpebigblarthat TamgBzes Opﬁ Ot 9L ¢tagy tb@laﬁé]lafacﬁeﬁed on
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docunent discusses performng the sort operation on rows of the spreadsheet
t abl e. HowéWBAP) ilata sub@w@hebé/pamfr@@liﬂahl@mtqnalt data gefse sl @hehéyms sétapwldi cat ed,

di scussison B r i ect to
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301 13605 THERPETBTTRO B 8T FUBh e SPERRHET ol rebRSe ditsdue SEHE & ¢ ne
spr eadsibeethet ralal 18bet afthb @ivat ﬁbl\t%w barbhlﬁmg/%eppw@ttatﬂa&ﬂue A pivat @l eadsheet
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col um becone the row | abels of the pivot table. Values in cells of the
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col um- | abe have the same val ue as
cells of the row-label columns become row labels of rows in the pivot table and values of

cells in the column-label column become column labels in the pivot table.
[0026] In some embodiments, the spreadsheet table can include hidden rows. A
20 hidden row is a row that is in the spreadsheet table, but is not visible to a user of the
spreadsheet application 108. The user can choose to hide particular rows in order to
simplify the appearance of the spreadsheet table. In such embodiments, the sort process
sorts hidden as well as visible rows in the spreadsheet table.
[0027] Sorting rows in the spreadsheet table comprises manipulating an order of the
25 rows in the spreadsheet table such that the rows in the spreadsheet table are properly
ordered. The rows in a spreadsheet table are properly ordered when the rows are properly
ordered for each sort-by column. A sort-by column is a column in the spreadshect table on
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



10 the row | abel of the pivot table row containing the pivot table cell. A
pi vot table can also include cells that have val ues cal cul ated from val ues
in cells wb2h3pd3vot table. For exanple, a pivot tabl ePcanscoaioszdes cel |l s
containing totals or counts of values in colums or rows of the pivot

table. In some enbodi nents, users are also able to create pivot tables by
selecting rows of the source table instead of columms of the source table.
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to select the sort-by colums and the sorting requirenents for_ the sort-by

col unms. 150\fsooirt?pcwehloelﬁéﬁ% bgr Boyshf (of e sBrKer pypreadihgsmiables nB &4Pe - by

col ums  ar embadiksks, HORuRRWST Joivs tin8ach BY BRBFRREEL vhallod 1aY RinfRF b&dwt i St
according to the sorting requirenents of highest ranked sort-by col um,

t hen accor dicngreagshefetalale pngd ﬂt} ruaRhst PR ARSI funtth &1 0 e AbMesth ihghusiber ahked
sort-by colyppy ls%gll RAORmBR B Ge pltobgssﬁg“ﬁlt@lrl@ nﬁJ{h%?crcks\él gsgﬁérﬁ@oi or a given

sort-by colum when, for any two rows having the same rel’evant properties
in cell¥d [0032] After the rows are divided into blocks, the sort process enters a block sorting

rows in

phase. During the block sorting phase, the spreadsheet application 108 uses multiple
block sorting threads to sort the rows in the blocks. The number of block sorting threads
is equal to the number of blocks. Each of the block sorting threads operates to sort rows in
each of the blocks.



20 of each hi gher-ranked sort-by colum, the two rows satisfy the sorting
requi rements of the given sort-by colum. The two rows satisfy the sorting
requi r enewo00f13693¢ gi ven sort-by col um when an orderi mgTruskattioszaghi p f or
the given sort-by colum holds true for the rel evant property of the two
cells. [0031] As described in detail elsewhere in this docunent, the
spreadsheet application 25 108 divides the rows in the spreadsheet table
into a plug@ssty oixftal Qe %Mk@oﬁh@%eécﬁ sanstﬁ'é rd¥s thAMS blobIRNAR, soft RbQSK can be
t hought of as a snmaller spreadshéet table. In some enbodi ments, the number
of rows incelaEH BeremE@hpicodREMEshometsathatch thenivadshecs Rrplisakon 8t ses
spr eadsheety,fiahl ﬁle?gathte% BUIRGLCOf P OKEABIAE. Uhk!al AQut HoclBSHiaind NE
nunber of blocks is equa e nunb processing units 110 in the
pr ocessi ng caghsiféln OA4 in 8G sp@@@E?etﬁﬁbﬂ@rTheHews (IIWéle dmel rgiult ek drapwpeiocks,
the sort PLARRSS &0 &if: Aell Bk AL (6 ARARGONGIE:L SRl O8k.807E | NG
phase, the spreadsheet application 1 uses tiple B ting threads
to sort theesnbhbck nEadheofbhmDIusce dervks nﬁ:nbergeohredud @mlclthclﬂielqmg of reeadsl i s

Kk ,SOrti thr ds. o

I f. the bl
o sort  roupePhiasn sy tetdiante Moy bbTeriRRiurp Bhob RS 3a08E = o
[0033]AfteMwnhegbﬂmﬁMssEoﬁmmgmmhﬂeadmcsb%ﬂﬁuﬁennagsﬂnﬂﬂuhebb%dmkﬁnmihe sort

S St s St IR SR R TS IR S

bl ock. ibhe nicrgeathrea@sid be blsodd Kokt @naateeaa@mn@fofﬁﬁbebmm/\@rmng thiradssqideadsheet
i | ock are properl ordered. Each of

table. The ro in the fjnal result

t he merge E‘Fﬂ‘ﬁlﬁp iggneéat?fln%%’ﬂieﬁaf‘e thg derg re&%r%‘é’%ﬁ%‘!@é kel ate a
resul t bl ogkurcdEBRBK0bf & MRr&Ot&E dah WokS b®fresalt MBEEE geivrRad bg IMLikdIgs be one
of the sorted bl ocks generated by the block sorting threads or a result

bl ock geneﬂgﬁﬁﬁ by another one of the nerge threads. For exanple, the

source bl og drmff aAfBr @8 fidd 881 CABKPRL BerfitedO it ShrlldAEks a ﬁ@ﬁdﬁt@@k by the
bl ock sortin hreads. In another exanple, the source bloc of a 10 nmerge

t hr ead 1€an ompufé result daty fo5|pasRtaiicnde amad) obihe spreadshect prplisptisgid 0§oifb¢ weult hr eads
and a resulg, bl Gk BRNEALREY Qythgm&shmhe%%l Rfuddigkerge threads. In yet

anot her exanpl e, the source a nmerge thread can both be result
bl ocks gend®l@fkd bliylV@tlh@rem’e@dlg@ntshﬂleatdsadslﬁ@oaw}wtltoer10$ bretpts marioup &wed t bl ock

or osentati oh o GEar T op e SPRURE IR, ARCHPBMURSE TN | “ha o
i's dependedﬁpbmsanmbﬂdemkuﬁmhheﬂngmbmthbhenWﬂmahoweyuﬂmspmabkwﬂﬁ@mSS]In
vor ousyerRCh IR bl SRLeada ook RRLASALHAR L3R UL Pl pIRLL NP (P
appl|cat|ommﬂ@&nﬂb&phaysﬂ& am&ﬁﬂﬂmwemﬂmanmoUﬁigaw&mﬁeadshepMyiabb@nin whi ch
rows int h%hos 15ge g't eas some r%ws 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.



20 are ordered according to an order of the rows in the final result

bl ock. Furthernore, in sone enbodi nents, the spreadsheet application 108
gener at eswearndidizepirays a report show ng at | east sone r @a8/USRO1LI0824PF nal
result block. Furthernore, in sone enbodinents, the result data does not
necessarily include all of the rows in the spreadsheet table. In instances
where the result data is consuned by another process or subsets of the

25spr eadshegz7f abl enaky sk BhiEice kGstdl DB BFabRAfikd Mpuﬁlh%esfsﬁeayldo @at@ i s not
necessarllygj)resente to a user. [0036]Figure 2 is ab di agram

i 11 ustratingd seck sl Eomala dicaheyi Vigengetyprkt H. cEhgonetivatk 2sisein 100.
As illust r%ﬁﬁﬁlghl@aﬁolﬂ? FAROm! %orﬂf)rlfﬁl%%roﬁlpgmng:] NRVEQTRME T HksS YRk SRR
conprises the data storage system processing system 104, I|ike

in 30 the esamphicationroringdin cqnmuusg pestany] 19Ghar e chient deHomeler In yanbiike t he
exanpl e ;e t r I t

oo mant SapodTREhy the HELORUBE ihall B8 drpestoP Ep AR UL, EErRMple,

net wor k |ntmwﬁaweﬁ2@@4pmsmeadeabmmheSWHdm&aymbysaenwﬂﬁ@nw Vidiges, hubs,

2011/ 136937PC‘£{0}1JS e?elc} gle4i265s 037 JVICGS stan a I r%%r%[er %gvelcessy%faﬁmszogr enabl €s
t he conputlng Sy nd sand recel ve data from a ¢l ient devi ce 202
via a netmﬂ&ﬁo@94mm$he(mﬂﬁmombmamémlﬁhawﬂbnhmmﬁ@ammqn$on@nmmrandmhrising
conmput i ng deV|ces an qF t hat fach ?ate gonnun catj an anqngWB

conputing SYEPERT16Y 5?1& Ny 48t OBV PSS 5 FOMPHINE AREES- 5 1N ASSHT ment s,

t he netmor kmBOdmete| thiel RGwuik 100 Usclddep esical penpllinkngFoexampR, thEastwaxanpl e,

t he net wor 04 c i nclyde routers, . switches, nobile acce oints,

bri dges, éB can R 8% i"“cbrrfiz11 gay/ grcyv}rglﬁss(}gﬁﬁ c%&“he??l{%‘iea&]ewd‘&}% 8@@ Ig‘f‘%dgq one

server deving@®&rk bOAdCINGRIY@FcdOR Miafi6s, scBRAS TS exAFIK HRY nERIRUL@S San bd r ewal |
devi ces, | aptop conputers, handheld conputers nobi | e t el ephones, and ot her

types of c@ﬁﬂﬁ@?rﬁ@d a0 8% mofenlogal rargp aetyerks SkANa mstroROlitgmacH SEWOHE. 204

i ncl udes V@-ﬁun%swm RRE n®lvolilsMRh afBE 1RXANP o cant REMPRIMMREK a2 bthEARalbNCI ude
wired and/or wireless |inks, Furthernore, in various embodi nents, the

net wor k520490381 i npTlendisaiedevice 20215 ®oemptiap dsvicEoF orexampleethe chent devigor k 204
can be | MPLBTERE il B AF cHhp i Red B dlus SR MREK She(ckiBidviclBbs pol | t an

area networks, nets, W de ar ea ne works (such as the Internet), or can
be i npl erremréloremesfarﬁ@tthﬁzeqorrwh@sysmsl {(@m]recph@ igformettoncfeanm the ROPuiing a

comput i ng Qﬁsgéng%o 58%11@1&&{%{8&6204 NG s v thg%lgér &n %Qgth%acﬂexgedf%c%b??d‘a'

conput er use user. The user uses I ent device end
requests t alwdanﬂnm]uﬂdtm@b@msdamﬂsmohameaﬂd@eu appli¢atibo # Ot Fasexdmmenthde
conput i ng m 10 t.he gL Vo h use the
client‘%ev?%%]ggﬁsygevlggf%hsnnﬁ%Pﬁ ateﬂpcﬁet(kvﬁm?gzﬁ?qﬁaﬁg ekgggeadsheet
appl i cati ofn #@8example, é])ealmitel;svitehmm coﬁcgmmdttb mg)csgssheemlﬂlo&ta:a)rmmch resul t
data to the |.i ent d |ce 2 t he net t he

' ont Cdevre B GRSt trgie fh s bnehiuid 2 B tiRe ey s

sorted ver sii@n doficd 112 capradasheet pdgabbaihi@g aheusait dafa drhlﬁela&tlwaﬂia clevi ce 202.
For instance,.the C|I€Qt devi e 202 can render a web page containing the
result dat APFicagnidipley fheprull dafej ent application to display the result

data. 25 [0039] Figure 3 is a flowchart illustrating an example operation 300 to sort a
spreadsheet table. As illustrated in the example of Figure 3, the operation 300 begins
when the spreadsheet application 108 receives a sort command (302). The sort command
instructs the spreadsheet application 108 to start a sort process on a particular spreadsheet
table. Furthermore, the sort command can specify a relevant property, a sort-by column in

30  the spreadsheet table, and an ordering relationship. In some embodiments, a user of the
spreadsheet application 108 can select the spreadsheet table, the relevant 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



25[0039] Figure 3 is a flowhart illustrating an exanple operation 300 to
sort a spreadsheet table. As illustrated in the exanple of Figure 3, the
oper at i orwBQ011bBgI3Ns when t he spreadsheet application 108TASe@EIIWESBI9OR Sort
command (302). The sort command instructs the spreadsheet application 108
to start a sort process on a particul ar spreadsheet table. Furthernore, the
sort conmmand can specify a relevant property, a sort-by colum in 30 the

spr eadsheef, {jabhdh 168 caPshE bt REMMBh@ BN NIsEr of Me %%@dsﬁéé@ 9%1%{?&& a
user of the spreadsheet application 108 can sel ect the spreadsheet table,

t he rel evantlegsy ppatieujar us¢rantsigpaccpiird of m%ﬁpre@d@asteéﬁpnllﬁ@tmrl@&r fAghermore,

rel ati onsiPeonl AR QiEa RARRGITRANGH 10k &SR BRUSR EGhmERPkAGAL T on 108
receives the sort conmand in various wa For exanple, in sone

enbodi ment gsert%@f%prl@é@@llﬁéé@@%p%@&l@ &vﬂh@momclelwe@ ¢rhkodgeants, demand
when a yser S C I S

i nt erface c r%%drsg ?oﬁ{cﬁgo(ﬁs{)@:%%f eélke gotpr){p clgat%ldo Otni&@mp%t?&&c%%f %?ag 81|r n sone
enbodlnentspmkh@nspmmamghmemeappmum@iumwnﬂﬂﬂ)nbaaha%ﬁﬁwhe2@brm'mmﬁmnnd when
a user enters a. %?réllcecul ar keyboard conmand. Furthernore, in sone

enbodi nent S, L he spreadsheet application 108 receives the sort comuand
fron1anothanmproceﬁmﬂwﬁmﬂeadsomwemﬂphnmmmldms@pﬂdﬂkﬁﬁ@pbmmbmeo&bmﬁmi|ng
system 100,, t he %ﬂb vice 202, or ana L er cong % Bldevice.

[0041] Fur t Ky 5Fa! fon SOMOUE RSBkttt EPITHEOS SPREALhASE &N YRR 108
begi ns bhe pfmesrsathreaal 30 Chpplidationt Faree@impicn gn aBmeXdbodinienBP e @;ﬁéaaialmadt froma

user or anot r ocess, hthread fqr E)pl|c ion. For GIn sone
enbodi ment $PP ’ccﬁtéons &40 S the gB R et (Ogh TRV éSIgB‘e‘?"é‘f gh 300
aut omat i calalsyhe@ille 2F@EHk A6k Cin Raé SmBYdiRaHE theQPreadshediapiicationosicherdmr e, in
sone enbodi nents, the sp r eadsheet application 108 can begin the operation

300 aut onatﬂiecoé’le’f%w%vﬁ%a‘éo%@@? I pybei Bseppréatss OfHPEMPIERRWS ’f‘il e gregdehestisheet

table. Furihes mpi@herhbreS AMBREAHIEMS thd YRR eassINesionaR! dgalimn 108
begins the 15 operation 300 automatically in response to detecting or
recei vildg &ncraant00japi@metieallyidn repransgtodhtepiéne diaeccysenncsent indicatipgthat sour ce

f rom whi Ch chiige AR @AGGES th@Ohfed Forf LANA nd BRAGh L RpiERBARSE 1O Tecei ving
a sort conmand or otherw se recelving an indication to begin a sort process
on a spread®Mkt tlabkPwonicHe reppivadsivatetomumapil jog athenyiscloeedag er mdiretomhet her
t he total I hget I m t
(304) 1 DTSl s SRS bila BBl F AR A oA o EEAREE, e BB ™ Lo
exanpl e, i rwhsthﬂletheltrbddnumbm@‘ rovha thoweeadklient ttablﬁsxcﬁﬁ@ a loweolihe3@nbodi nent s,
t he | ower er.th | ess t ha |nents
t he sp?%ads S %%% %%%0%%1@§@r52%gn s 5‘8@%7333 erra%%%gﬂgtga T'ows an
adm ni st rabmbedmsmts th@los/et lithfés 256\/\/&[ otherrmﬂbodfﬁ’rmtﬁdiaimeshnﬂtm gleatmsthan can be

t he user r e result d r .anot I f the
nunber of | PoheT i R 28pr B SHeurS R RiG dBae et ERis T oN B i ¢
("NO' of 3@y intédeec Stk el&dﬁsl‘@eiﬂnﬁﬁmah(z@ﬁswt’b skﬂﬁelltﬁ)&ﬁ lignits i Thgla@midkt@dack t o
generate the final result block 306%1h The SI e thread generates a final

resul t bl olRT 6" RGPE PHEVIRLCHERGDT S @“%ﬁ?@ H@@i tabl e such that the

rows i st hgo@pr eadghieatunttabbfro®k e ik OReidsNecPiaBRIIBE: ndUskdrgd teSbwid!linit hr ead
to sort the rows can be nore efficient than using nultiple threads to 30

sort the r &OWOwWetl4 e iradehecharpiigation 1S prfs asyhedndiesidde cenghite thednal

relatively nds@WplotRi 6. STﬁ’@ﬁﬁ’%@ﬁlréalaegreﬁerﬁt@dh RBal GRAM WiRk bRBkinpeaRabit & (e. g.,
del ays) associated with sta a}eor waki ng threads. Such conputati onal

penal ties MHEysPBdshepietallsrsueh that theriony ivilensrrerdihecafeble re proppdy erfferedunber of

rows. 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.



WO 2011/ 136937PCT/ US2011/ 032495 [0044]1f the nunmber of rows in the
spreadsheet table exceeds the lower Iimt ("YES' of 304), the spreadsheet
appl i cat iwo 200B13¢8Uer m nes an appropriate nunber of bl o®kI/US3AZN324bH

vari ous enbodi ments, the spreadsheet application 108 determ nes an
appropriate nunber of blocks in various ways. For exanple, in sone

enbodi nents, a mnimumjob 5 size is the m nimum nunber of rows in a bl ock
needed to ngi4q) St arrtidVEin®Rr At ioMakprbldocdét t%@l'éfek&Gdstthé AR IRNdt(hwhgt e. I n
sonme instances, the lower limt is equal to the mninmumjob size nultiplied
by two. |nof BP9, dhearmseadsheet aprisatipantilsy desgrminseni spprdneiais prakgs ke dlockabl e
divi ded by §die fAHEWEARRinkh& b Sk &S ect AflcRlon G608 Biorhfind BE ofHHOREK Of
processing units 110 in the processing system 104, the appropriate nunber
of bl ocks nsmb@ adplegks inovariqes weysbdror gkampovsin dpme dlebomemthei mngigmaeY ob si ze
r unded doun. ;A IR Sumblr SNSHE iRk IAAhE RS hAE T AITHMLIRRS] 28 1S
128, and there are el ght processing unit e processing system 104, the
appropr|atéknbnbemgdhmbﬂopk®“méetﬂosomb1nheununbedmmﬁ lrromas iequatl He the
spreadsheet tabIe i vi ded e . m ni j ob t han .or equa
o the: nomEpTgr (et BB B oy STy Rimdhe b ouBR G e STR P08 M The
15 appr oprsplaﬁdeheswmbterdmﬂedalb}omKSmnmmqmalsub@s Ieksethammalab tmehmmiref)oésm ng
units 110. For exa there are size is
155, and : REFESTETE: G b PEdCuSrl wArkar i iR sp B SuPhY S it 03, The
appr oprivat equulindelie afimbdragkows didilghby thermSinemejsbadicn®inhded ddwe. spoeadsheet
application 108 presents ser interface that all]o a agnlnlstr tive
user to sef*t nﬁﬂﬁﬂﬁﬁ??gg P78, mﬁdP@ﬁWﬁ?M@?ﬁ“”tﬁeﬂgpFEQ difiedtc &8t i cati on
108 di vi deprdchRink s infthd cesaﬁgea@ﬁ:heﬂm ﬂlalablﬂoprﬁh&@nmb%ebf&t)ckbhml@s 1{ 310) .
The nunber of blocks in the set of blocks.is equal to the appropriate

number of BicoEber phERVSP dacsprgrdiheet talle difd eemwias MHGAEY 98 SEB Y 8RRt el v
the same nymek §fal tPWS nulﬁlQé}Ao@lﬂelbrMaggllngalle nheei ﬂﬁemo%essng%yaé@qm tRd e

i npl enented in various ways. exanpl e, in sone enbodi nents, the
bl ocks 'are apmppr&ﬁemrewﬁ bér&kaIsztqualcwhe@umh%ttOfdb%pmcwsmaemw i®r Eonf rows

(e g. rowexéﬂp?le if R "all?egﬁq(i)'oor R)\%s" ﬁl%Gmi'nnﬁﬁrﬁ J))b sfz@ 1§ lﬁé" aﬁlﬁbtﬂg’e r@@te%ht

i nsertl ng rows | nto a COprI’I ses I nserti ng I dent i fl ers of the rows
into the biposkssmgdingdm thagracesimgisystem dPbdhke apmpriatcamimbenef ks ageiglte

dent 11 o1 3) Qfnd @bl e Bh0fkncd BiALler sTRRNLIRAL S nkhE: AhRGHS T o, data

structures conprising copie rviding the rows into
bl ocks, thenspnmadEMEBEmappﬂﬂnanmumnﬂﬁﬁSbeglns a bl ock sorting phase of the

sort pr Bceﬁoﬁms ri ﬂ%{t tHe ipg ghkeets a%%(fattlgn E)&‘? 1vid ﬁ(thsgr%{sslg E[ﬁetﬁﬁreg& %gest ’tabtl

spread l'ica uses I'oC reads to sort the
rows int hentblaogekef ()B)&J&) (31(I)heT]mm‘dueh5erm‘f bthdokskn ferdet pgb]tohkseﬁwqmlr’totthm set of
bl ock sort ia{)] olgr?artg r?'un?ber of blocks. Each block in the set of blocks contains approximately the
same number of rows.
[0046] In various embodiments, the blocks are implemented in various ways. For
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



equal to the nunber of blocks in the set of blocks. For exanple, if the
nunmber of blocks is 10 eight, the nunber of block sorting threads is

ei ght. | weana/i3ssrances, each of the block sorting threataSexeosises in
parallel on a different one of the processing units 110 in the processing
system 104. The spreadsheet application 108 assigns one of the blocks to
each of the block sorting threads. The bl ock sorting threads sort the rows

in the bl ogleft ARSHGRA0PLILE %%%&%st 8 Qfdht. NG folHeRGsced, @aaﬁacrfltw@ock
embodi ments, the block sortin use various algorithnms to sort the

rows in theosnggKeds chu@ﬁampfrréﬂel ioA avdiffprentsons rah dlfi presssing upie bl0geKkhsorti ng
threads Us%r&eﬁq}flkg%§st§9r164 ah&bosfpketaﬁ'meét%pglcan&hsﬂfsta)ssl R fAURPlE b?o%{]toaela&f)“ thm

a nerge sort ggrlt anot her sor ori hmto sort the rows in
t he bI ocks of bk sertingihecaty. r?éleépﬂQCérsomlh@t@mdémﬂheeqwsapﬁlelwﬁ igheB wakes

the set sof é"ﬂ%cﬁlo%lp %ﬁﬁ%'tﬁ}gacfs rgads u§ lebéﬁﬁl%ﬁ‘tgsﬁg% &gé%lrﬁ 85 5O

deternlnes that t k sorting t rea ave finish |ng each of the
bl ocks (314®mmhmkmaﬂmGUSseﬂﬁmdeent@pbkhbssbneadmﬁeenvap@mumﬁmdmwn$08

det erm nes t bl.ock sorting thr e fi 1 ach of the
bl ocks in Vhalrli octlfssoﬁbﬁ thrqus usea%ulgi o a?%or %’n%s 131 a%e@jle g% lgck sorting
t hr eads prmmxgﬁmﬂ@nphem1onmmﬁdrmanmgﬁgﬂmmhhEMEmmeaﬂshmékbhphi|cat|on 108

oo adt ot 406y SO Bind Bk PR bk BocSPRh Dy B arbRrtis! & Bhie e,

such enbbodissreing shreddhahs girericisoegipliequioh i108deemmildahaahebldtinastitidd@teatihe bl oc k
storing thread sortin e bl ocks the buffer contains a

sorted ver& %Qﬁégg%hgkigﬁg %1W8%§%3%BO&@F%FW@FggﬂgmﬁWBG © §3radsEGt t hr eads

finish sor tapﬁlﬁaﬁdiﬁldg|d@fékrﬁhne§ ner the Brokk swtidd thebadiOhapO BBRhQAf sobthg c8&N df tRy OCESS
ends and a_nerging phase of the sort process begins. During the nerglng

phase of t RECckpi Vasiourways: Forecxappleatistomist cabndiments ﬂt?nb%ssog@rge e

thread tregrdvib&ompkasn L @aRRL 10 B spriadind Q@Maﬁornemwhm&bloay%angl er
except pOSSIb| Past tier, is conpletely filled. A binary tree is a tree

data stlf ucff}u??éls |ﬁr1iusmpewg dbe Mol dn s 3tnbﬁi;§1@ntﬁ e Block gortipg dycads 5100050] The
nunmber of f{&%&ebfoﬁlﬁ %jsa 'b{}fférh%tél{cﬁaéinﬂordﬁﬁen'tss tﬁg%kaﬁs@ieét gpp%m%%r 16§ bl ocks

m nus one. A leaf thread is a nmerge thread having no threads i n the
t hread treémfmmn%ﬁh@ﬂhéMO@hﬁ@amtm§W§1ww¢§QBMﬁﬁeﬁmgWﬁvﬂﬁéSGﬁ@nﬁwlwﬁ?@ child

t hr eads '”c&ﬂﬁn§?&ﬁ%gv&%%ﬁoféﬁﬁoP&QgBlE;e internal thread is an internal

thread having only one ¢ read I1n the thread tree. A conplete internal
t hr ead |s @MMPhterAﬁmfmhﬁmaﬁfhau%n@ﬁﬁmnﬁnmhBdmngnhandSOﬂwlWOMhsnnmgead

tree. ad X [ hr hayi n [

thrend Pr oot 05ER ol PrBeTEhfct HEaUalRUAT B PR R BEN bAERE Byledhdh, ead
oper at es t mem@nggha'sdﬂef thordreprobdse,aks s@%kl@neq)phmnbhe% gm‘erattda raghgtad treer eby
generati ng resul t t ai ns rows in

The hesi gnoaieh Shs LrebatE i A Bheh Fiteh Ul £ o B T o ek

completely filled. A binary tree is a tree data structure in which each node has at most two
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



properly ordered. An inconplete internal thread operates to nerge a result
bl ock generated by its single child thread with the sorted bl ock assigned
to the i rwonpliet3ew3rnt ernal thread. A conplete internal wrhrasdoiops4ases to
nmerge the result blocks generated by its child threads into |arger result
bl ocks. Utimtely, the root thread generates a final 5result bl ock.

[ 0052] I n various enbodi nents, the spreadsheet application 108 perforns

various achippdy tRigenerat endohictdiRadalt hR8d FRFatQXRMReRe 4 Fe®AMBlock
enbodi ments, the spreadsheet application 108 generates the thread tree by

first identproyatetybaviisinghy ehilderheradtwithe hessogiadl/Déncki ansigradt oathe Aerompleire
threads. '%t&%lsthl%mnn'c%mpfﬁtbeinéﬂ{a?ﬁﬁjéaﬁ%ﬁéraé?Ee)clmhlg@ e 16dA8 Bekargener at es

a pointer data structure at contalns an | or each nerge thread. The
item for abptghild threadglingplardef reswlt Blodsc dpmitelye the regtdhrgadigeneiates tai fmal

poi nter . T?&uﬁﬂf&%ﬁe poi nters specify nmenory | ocations that contain bl ocks
that the nerge thread is to nerge. The destination pointer specifies a
menory | ocd@lS3h whiar eriohe cmbodjmenthr thadpicgdshert sipplietivthd 08 @stibrimsbyapioks
generated hy.the ner hread.. Th ointer .data structure can be a variety
of 151 11 ortit fq By MR o SR ML R REDUEHEE GRS o
vectors, tapplestionah@t genceutes (hOOmBhd Akt dy reneicatfying dvhdabldhnees threads or as

part of generati the thre tre the spreadsheet  applicatio 8 assigns
Do of |t he A0Y BoRS NS e AP TL A T Pife TERPEATI LY BB A1) PSR ar + ous
enbodi nent gendr@ & poirRdddie etucaipd that ednitadiy dhOiGna &% iegdhsSmbilge €li¢Sadt OTHehienl eaf

t hreads in _various wa r exa [ adi nment s th?ﬁ%use t he pointer

s. E lLe, in e
data st ructQrd"Jee @éﬁ?ﬁﬁi’% S SBBRRDOHE 24 g‘%ﬂ%’@&ﬂ”‘&f%l MR PRBE Bssi gns
a bl ock tosgecifgahenidty @adtib tBECNNEINBIotIR thietht triditd Mieaini€ tb @Rkedt hTRAd a
source pointer to a nenory |ocation of the block. In another exanple, the

. Y. . €
spr eads heetleHBpICRANENSPEDIECHE IPGHEY doBlige Rhers the merge thigpd ddtopyorpribfi di ng

an identifi&nit 8fock BEnchhQOly he nfehR thedd. TV RAHAR0ARALRNRA 8E o varicty of
[ 0054] Furt hernore, the spreadsheet application 108 determ nes whether there

are an 125 @H&ranthpeyofdlptatsiraciwss, imhphng arfays, hiaked ligsevesgiro ddlonamder obf bl ocks,

the thread co i ] LhNierd tly, if
ther e ar o d0083E CoRAE, hodihy] MR ELEMPAPRLO LALRAR 1 IRRRRHER Y
appl i cat i onpre@Bhess appdingfion €8 afsignk évippiobk Bloels to echileed dlrrpddein ¢hd thiced irer t hr ead

(322). [00 f assi gni h oy - ' rd hr ead
O dbt ef mi Nrng 1arOBEH ARk e ek Rec GRS R TGN BIGRL LRIt 17 256)
t he spreadsiresls impgloue ey Fot @& mge sn thbodimruge thehnsedbispdiaegdtestacard he
final regsul 0 24).. T th [ t hr.ead ne final
result Zgl og S,Cgt)?'naga%bsogg’eg\)ﬁs reegflslﬁ%%pal g%%?%%%ﬁc?émglgkgeyot%hggr?eieg%eﬁ}r%ap gba?'ds. In
vari ous enipadidimninsthe tifee &pnl&atésmﬁmadaaps{niu'roeqioﬁmﬁ thG8muakigslotdien g rthye

e | DAt BN S S e B BTRSATE e RS
ner ge t hr edd provitigy deterifibost tierldck, to tikeca pireaids Agatamappl i cation 108 invokes
one or _mor g, gt hods, of, an operating system pierface Lo ke, the merge
25 odd number of blocks (320). If there are an odd number of blocks, the thread tree containg
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



[ 0056] Subsequently, the spreadsheet application 108 receives a conpletion 5
indication fromthe root thread in the thread tree (326). The conpl etion

i ndi cati omOi2ndicet3es that the root thread has fini shed gemarsatiiifge4as fi nal
result block. The final result block contains all of the rows in the
spreadsheet table. The rows in the final result block are properly ordered.
[0057] After the spreadsheet application 108 receives the conpletion

i ndi cati on Qg hRal BE pfRRfing S8R veRko al%tn%&getthl%ad{ MR @mﬁwlﬁ@&ls ithe St ep
306, the spreadsheet application 108 returns the final result block (328).

Subsequent Bpreadshret appliecitpsHEB invakesione at Mot MR ds ahapensEding syseesinterigegt a t hat

i's dependent QR thbhGelok Bbagiesul t bl ock. [0058] Figure 4 is a di agram show ng
an exanpl e tﬁread tree 400. As illustrated in the exanple of Figure 4, the

thread tred0®OD combpsimentlya thar eprdadsl@t applitatiend 14D 4recaivashregdmpstiarn7, a

thread 408, [l 9ath 410roPlefl hfiSAf: AL 3rce 10580 TAO2 kSRS a0, and

thread 406 are 1nternal threa rea d'threa aecorrpqete
i nternal t mdeats thaTlhreeacd 6l has fanshed gorpitieg e finak esulahlotkhrBedinalliesdad 408,

t hr ead 410’b c g:or&ta'ﬁ S glﬂ g tr%wstemt aslzpﬁéagszilfgtqsble [ ERSrgolws K[heqenafrr%sﬁ% bltO(tt]ﬁr ead

exanpl e of gure ang are’ assigned
408, that lafm&x;&:rlﬁb&leeadd 420 are assi gned to thread 410, that bl ocks 422 20

and 424 ar ign to thr d412 at .blo 426 1 s .ass dto
Phcag 406 1037, oS fer B tptteitsiRat ARG gt et Rdetad FREER Sk o

t hr ead 1408 theBloocthgead 1& a@tﬁdthé&@wame sohel BmoikpCRIOD kieakEeaddhedthippiadtidd 08 Bl ocks
422 and 424 are th our bl o of thre 2. Bl ck 426 1.S a_source

bl ock of tﬁ%‘&ﬂ%ﬁna F@ﬁ%g’joﬁk (ggé 4%@5%?15 SALSI Wepds ﬂeltéf‘pﬁlh“&“ﬁriéo%sé}albenerate
a resul t blpagk rklik eadtAl0 ddfend®f R MelinaCGkaibl&kand 420 to generate a
result block. Thread 412 nerges bl ocks 422 and 424 to generate a result

bl ock. Thr d¥§8kos Hewgdsis tarﬁéa%r%%alpwbg gt RempdnBrest dige 5001 he dhEai8dd and 410

to gener at en@xh@pidlot FRURCK thelthref 'Ji‘e%MOV)QBﬁlﬁmseEQ%rée@l&!@btaMe‘ag kg4, aanes@t ed by
t hreads 408 and 410 are the source bl ocks of thread 404. Thread 406 merges

bl ock 426 404 athea¢ é%whr@ﬂdcfdfa leér@éhfaﬂcb‘éiub)?fh(fwﬁé% thread 404, ppskidicad 406G r esul t
bl ock. In %eh%rn‘ﬁﬂ'h%eés tﬁ?eaﬁQOﬁ %?d-’ﬁﬁea@h@@heg %Hrﬁ&n!ﬁ%ﬂe&[ eaﬁ:lreé&';Od S a

source bl ock of thread 406. Thread 4 resul t ocks generated
by threads 184@4%31@104@@@@1 theerdr 511@3@4@8 ﬁmadr“é@wnﬂ thypagicid 2 arerfeafitireadswor ds

i eaa 402/ 0D 5ot TMTRRSPRCh BB o004 Pt dfy BT A SR PIORRS Char

i | lustrati rgignd exhrepd 405 get bibélod 18001 fb?é)rafrmsmdedjy tlaredded, ﬂlhtrbé@dis éll?rl ng a
mer gi ngzophgﬁ(f4?4 argasssgﬁl}lgdf) %g§212 ad& ﬁ'lgt%g%ckl eaf ?gligg‘(—t:affdgr%hrg%(ﬁ4d6 1§ 5 alal ned

with regar eac ethréad tree
can perf or mordseblogerdiant 4306k thssduldeuddckavthrdat 4081e Beockapl Scaraf 42Biagur e 5,
the operat Itl%nsogr(%g blocks of thread 410. Blocks 422 and 424 are the source blocks of thread 412.
Block 426 is a source block of thread 406.
[0060] Thread 408 merges blocks 414 and 416 to generate a result block. Thread 410
25 merges blocks 418 and 420 to generate a result block. Thread 412 merges blocks 422 and
424 to generate a result block. Thread 404 merges the result blocks generated by threads
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 begins when the leaf thread is woken by the spreadsheet application 108
(502). Waking a thread is the process of getting a thread ready to be run.

I n vari owwoentodsesent s, the spreadsheet applicati on 108PeaRisgoiios24beaf
thread in various ways. For exanple, in sonme enbodi nents, the spreadsheet
application 108 maintains references to sleeping threads that are able to
performthe operation 500. In sone enbodi nents, the sleeping threads can 10

I ncl ude t hegy da;hrck ﬁigﬁﬁelsnig atft&&ﬁg-sﬂmmmgantekaﬁn@é gﬁ&atﬁﬁriooqgrf@meaeoyoi t he

sort process n ot her words, one of sorting threads can act as
the |eaf tHedacadrédurgie mepmng physe tolﬁraeﬁ)& PI’P%S s;é%l@a@@h@étopaﬁﬁpn ¢8R ilon 108
provi des a X@iﬁﬁe Vel tredd? d%tahéh‘?ﬁéj léa?%reé%la%a&?[efapfﬁ%ahhﬁ t‘HQGfl'ir@&d f8 24P and
provi des to the eaf thread a reference to a first block assigned to the

| eaf t hr eadetiereh the spaeian H10ocks élslstragﬂﬁield thoexampld @faﬁ"lgmrh ethd. OPQIEEIQIOS(Z] Af ter
the leaf t r row
in the T5| rlsggggﬁdw%ktﬁgleghng altia(r?sa‘% ﬁeﬁ“b g%tdﬁ glét{as (lf\;v%ﬂ%n{b{%h(ss)@econ ock
(504). Becd#lusal ishke pl@ms iofi gbﬂueg falthlsad b?lady: ko her emprlmp'@rrlloys @mbl@hmd;ts tthe
largest r ow r'e ndsflee(te 11r a?tt bl'O wakes thcg, peaf !h ead r10u£] wa, orle® { ple cfrcf someBeCause
the rows in eddnd™bl'ock "aré pr op erff derey )ﬁwe Sl st FOW in the
second bl oeinbodambifte, the rsgtteadsbwt|app1ida60rsda(m‘bmd1nltdmcfeferérfcest toeslb@m‘g thhaéad

det erm nes est ro the first blo |ss r than the
ol | est 1 JMt R obce s A ESiaoS Fhrla B RpbEbRRT s B R o o

bl ock awnd tiieuds ekobidcibipttg trddd ed en e ieckneathgtphaoifid eori irdeags.dual rows
inthe first block and_.the second bl oc Rather, if the |eaf th d

det er ni nes PRV O1HePeLf Hi Cic?\ﬂftinﬁ ﬂErﬁ%&(fcﬁ? &gt ap fhsdrefitiueadglq ‘é’f‘ketth%ﬁai he

smal | est r @eddNtht @@e@@ﬁ&sﬂdﬁyma@ﬁ 1@8)%%@@& walddvent & thead thhhdagperfbmser t s
the first block at the sma end of th result block and inserts the

second bl odhe peratipneSq0ang drevifles & the F?éfﬁhaeé@.%e fenepserto p S Plock pssighedtodhsy, t he

resul t bl O%fm%h%hmse%ﬁd&Bcﬂiaggﬁ&%tﬂeneatfhﬁeafdl rst block and second bl ock
and the rows in the result block are Eerl ordered. [0063]If the |eaf

t hr ead 'det d9062hes Afgrithe lgaf th@ﬁ@g&@lfesftbwleia thrgee detemgpespyhséier the larest gxval | er
than the Srﬂi{hleefﬁ‘{t biRWid é}n&lféﬁthéﬁ%rkﬁqaﬁés@ (ﬁw nHﬂ@ c%ﬂti bﬂo@ﬁ @@Q) d]@éc%ﬁs@tﬁkes

whet her the argest row I n the secon | ess he snal | est

row i n therdwy lgtthelaﬂir@tch@%a@@grw%bfmdg@i th@éargeﬁmw m thm%rstslémknelthbll@u@“ar e
properly Orrﬂﬁ%?ﬁst bggﬁ é&&%@%ﬁe JOQIWH{ fhe ts&\ﬁ)g& ?{Bglg?reg)}rcg%by 0§defe|aethla %%IIJSPW in

the second cause the rows In are ptoperly ordered,
the smal | esew it sevonhblotk isghe fiisomky inghd fveorfd k. rbtheileaf tiedfderesninkd ock. | f

theleftr mne h w_ i .t he .secon I is less
bon cb LG ALFSLERN N RERhLLR LRSS SR IS FHRRARLIRK | L
inserts t hdae&ersomdavbﬂmlketmentthe fissmblock emdlthefsed¢dné bk whd thekos knoamdd ktnserts

the first block at.t esul t ock I.n svvay,
the Tesol t 2Pk TanidtE el 3F g Rlosk PR Rircho BlopE RIRET bt BriMERL "o neong
bl ock and tdberniissSthatithé egaseswl in the Gedk bRick iPEafIRE Itnanaliedaﬁaelést o0aard | f the
| argest row in e Kk r. than the w of 1t he
sacond bl oSromhhIOT VR gB S8 bt ook g s a T GRoRE s gL bt ne
smal | ests 1 ewult Blokkend ink&ts (] REedad tﬂds&raetueSarg@siﬁi SR deat 1164 wg@@ tthehid i r st

bl ock and the second block. If the |eaf thread determ nes that the Iargest

row i n t he "¥cBnaesit Slogk cantpipt 2l phathe gows Rahe fireblogka prdessponddilpsipndle £ rst

bl ock (" NOiowef in 98 sulttth&klafrofd ﬁ%@@réjleterm nes whether there are any 10
remaining rows in the first bloc 512?1 Arowis a remaini n%@row when t he

row i s not [M63kadylfithe d9aé threadyfigterplings Khat[ tho dBRest rendn dhafiest bisk gy nabr e
remai ni ng SN Per 'tﬁhnttﬂfsrflélféttrow iR Q}{% s(ecoﬁé%loc@f thé:it%}‘ thréa}aede{eﬁﬂfnest %Bﬁﬁg the

determ nes whether there are any remaining rows in the secon | ock (514).
| f therX¥ adagabrovemnihsi segondobleck iy lﬁﬁethsfe&@rﬂﬂnaﬂibiidkw intbe figsafblackr(6@d. has

al ready | n%EJ‘u@ch@'rl)wéj fn 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



15 the rows in the second block into the result block. Consequently, if
there are no remaining rows in the second block ("NO' of 514), the |eaf

t hread i rser0sl/@mB7r enai ning rows in the first block inPoTiuseome3zsbs bl ock
after the largest rowin the result block (518). After inserting the
remaining rows in the first block into the result block, the result block
contains all of the rows in the first block and the second bl ock and the

rows in the,dmsilidckiObEoCks ke tmemﬁﬂea(d ﬂgéi@rtﬁéiseah{aocﬁ&]klaft tﬁebﬁfaﬁ cfdl 6f one or
nore remaining rows in the second block ("YES' of 514), the |eaf thread

i denti fi es the raiuithesinapdipsrsithy firsThlecknat thefaige eodwf e Fonalt '%19%14 (5&Qk Tpthiy he
remai ni ng LQW P ne{t)ﬁﬁbfouz %&mélh%koﬁﬁlg rwsemstﬁ&ﬁﬂ@ BEOG thb Q%@Z& pRchsrussed

above, in sohe enbodi ment I pl e sort-hy co ums can be 25 sel ect ed.
For exanpléwrawagéheﬁaﬁtwﬂdq%ap@p@hand@hb spreadsheet table should first be

sorted gn Ly'if ?l%l a?}cﬁ&im tﬁ'@ ksPBlo ?%e? thaﬁ%e%%ﬂegt fl‘OV& F? sdabi

multiple s rt y colunn I f t e relevan properties in cells In the
hi ghest r abloekl asdflte- lbgesct odwinm thefse¢ond biawhss hrgr the tbasmegllesthrewnm rllhenﬁlrsge

thread i de% c{< t%f:re is s e oven}allR R Vgerl? Xhef f %P glro 1? gn(} t[}le sre%e%n Vl?octk plrfqgee{efl# es in

cells in the mex KEs t he 30
rel evant pMﬁﬁ@ﬂh&@&nﬂiﬂme%b$ngmtﬂhemnbxﬁm@uuhaﬁhshamheﬂmghmtmbymamkunn are

t he sane, the.m.n rge .t hread j tjfies, .t ni mum b arlng t he
o evant” oy OR BN St PREPC HRD b erE g Bl PR b e B B Lo of
t he twoor ovwamaiihg SovaOifald fisoblopkt (1% S AGOWtik AUeSaiting irbw tWieh gheato® ®inbher no

nore sort-b %olu%ns or g til the mn nmerge thread identifies one of the
rows as belRerdEAuilF EPUE IRkt he ot her row. If the rel evant properties of

cell's in aldoesprt - ByheEOit BRS o0hore RemAiMRg FGWSin AhcEfieOBIad (“Y RS BT N2NBEQe
thread can identify either of the rows as the m ninumrow, [0068 The | eaf

t hread i nsé&af Sugaddegiminguhatsither Be therepadingrons Bidke sgoprd blpgkdSi4hr dlest

row in the g@satk to pén%rﬁn% RAR)in tfsb&hd| 'b[b%lé‘ rthd RGF thR8d MM ihQWed B Of t he
result block, the 5leaf thread aﬁﬁr det erm nes whet her there any remai ni ng

rows inist hahefrpwsin the seknd ackyintoghriresdt Weck. [(Dosupetlyt Héices %¢ BO FRoadR| ni ng
rows int h?o é 1'i1§ﬂe %k&ﬁil%loctkqube%f"Sf@ rtﬁ@%am&aéhﬂs%%d%y r&ﬁﬁﬁfng%@ 1ln tﬁ)éc the

rows in the first into the resul | ock. Consequent| there are
no renai ni migst bdeek inte thiecsujtrdeckbifise khy 1al@t of Bthy, requlfeblpakafS 18 hr A&er i nsert s

any remai ”'nﬁgmﬁg h&Yendi né *Pﬁ‘?wé %C?@dfh[%! 6’&@ 18 Qnd Pe%uﬂi SRkt ! Gk gbler the
| argest row in the resu ter inserting the renmaining rows
in the secom@mb$dtkfmnt@MIheh¢ﬁSUbbdbMEUk¢smhmibESMhmimbovmloohtamds all of
the ro i firs and the second bl ock, and the rows in the
result Io@kmgggpnxmhﬁgrgﬁﬁrdered [ 0070] Aft er perfornlng any of steps 506,
510, 518, c[>0065]22 ]thnl&:ré ﬂafoné br mact rdebieingiroes inlthe wdvehdelock hﬁ’ HS8af 5tHread is

the root t 524, ant t he feaf th5 q '%_Lhe r oot Eq &
524). the. 1BdF LMo ABE LB e T oH TR FOh B PHUSpabtsheet
applicatlomx&ﬁﬁngﬁﬁﬁﬁnham@ﬂﬂ@mﬁheﬂwaamnﬂdkﬁﬁtion i ndicates that the |eaf
(I ead has ] Shetd, Ter gL e 11 L BlSEK. B0 L1, Seepnd sk, 1! the
a conplgt i @fledtaidi Rtk MpiE, @ sbieapaideiate thitreaghr@bishebiaatiesouldiredsd 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



20(528). After either proving the conpletion indication to the spreadsheet
application or the parent thread of the |eaf thread, the | eaf thread sl eeps
(530). [OWD2pHIGe3e 6 is a flowhart illustrating an exaoplus2apasabi on 600
performed by an inconplete interior thread. The operation 600 begi ns when
the inconplete interior thread is woken by the spreadsheet application 108
(602). The spreadsheet application 108 25 provides to the inconplete

interior theRad af sb@HGCERERSs bR thb ks Bt eglalaRdm ﬁ@%@fmeeﬁi Q&Kdenfie first
block is a result block generated by a child thread of the inconpléte

interior tﬁﬁ]@éafthTﬁ@VSsaéémlnbﬁ%ROWs a block that was produced by one of
the bl ock $gyek| N9 Tﬁylgﬁ({ﬁegd’fnbé}ﬁ th Ginh @6 Ko Afth 'tl{égresfﬁ'l'{a:?ﬁk%fftelt #e lﬁéUs{

process. The inconplete interior thread and the chi read operate
concur r ent Irgw anthdirgspls blogk (DiPes AdPr mprstinyr be ausinyg M intp tha cesulgblock, the

Consequent hy ¢ 4t 0 5 gaﬂhh ﬁaﬁﬁe%%e{h% Q%%%e{nﬁgﬁ%%%\x;s i b ﬁgsggl%l?%é‘?b . 6nd Ne

i nconpl éte interio I's per orm ng ration a’'result,
there can beot.i mes when there are no remaining rows in the first block, but

the child d | ater insert nore. WS e fi

5031/ 15603 TR UsoR 119 S48 nes R Bbs RS 4f SR IS i RkaP bR | o,
thread det ersniteies] ofitbd fosvs ih ier farsiebleckainty thereamlnblngc rGMequentﬂ)hef thenesite bl ock
(604). If there.are one Al 0 first block.(" YES" of
body) the meumineg S s BR eyl & R R TR epr T

remai NiNg FGWSin e tsb@dnd &R dnth | BE kes(I6 Bk aBEOME Idrkést therne t}&I'IQSLﬂItOblbﬁ{YB.I ni ng
rows in th d block ("NO' of 606), the in ete jnterj r t hr ead
inserts an?rﬂr“g r}fﬁf HgeH eirﬁm?lﬁ@gfrPWéfn @F&E%nﬁml(tl?@ t’eegeﬁ‘lﬂf BFo ke af t er
the | ar gestesiRBlocRcdi@ny SiSdfltke Bive Gkné fRABHIocIBAQaRSRedHABI R dnd thdogach i S
generating the first block while the inconplete interior thread is

per f orm ng ltetfésuéfﬁ’tlﬁcétafedﬁomorqe@ child thread can add rows to the first

bl ock_whi | gog7pp | n&ﬁa@eﬁgﬁnhgwdf@{epg Yueeard, 588, bP s PL 9Tl R ARAGY at i on
600. The inconplete interior thread i s not assured that the child thread

will nof addecthenthelsal thicad il the wakthregd (174). 1if thetleab fhead iytheirgot fiieadd RYEY t hr ead
provi des ao??ﬂﬁ'tﬁé le%hfea&'bl%@fdles‘oa{lc&nﬁ)pléd&ﬁ 1ﬁ&&HHﬂPlqu@sﬂr&h%le@ipph&'ﬁ@@%&

Consequent | Y, after the 1nco ete Interior hread | nsert he rem&u ni ng
rows in théXo).rdhe b¢ronlkt1qnnmélcatw@ ipdigastst thigl the keaf thivad ihae Smshasit recrigmedhd or

bl ook (a00) "SRG 2B BRI S P e bR MR O b SR i
t he second thgl loa:fkth(éa@/ E@Vidﬂs 26@®)pletivhandicrtiond dteepairmt glreat off the deed tintd@ht ifies
ZI tmhglr he Q@/ (g%tgrl) eétg pro {he Som CBI%%éVOIb%dIC%?OH?.% c. sﬁ?etadsﬁlgeq%gpmcg ord Mhd
parent thread of the leaf thread, the leaf thread sleeps (530).
[0071] Figure 6 is a flowchart illustrating an 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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interior thread then inserts the mninumrow into the result block after
the largest rowin 20 the result block (612). After inserting the m ninmum
row i nt o wbeoriessedsv bl ock, the inconplete interior thre&dTagaém/ os=ver m nes
whet her there are any remaining rows in the first block (604), and so on.
[0075]1f there are no remaining rows in the first block ("NO' of 612), the
inconplete interior thread determ nes whether the child thread is done
(614). Theghe| d t Rfgachking, BRRcodDIMBRbNGrGh ddmhibéeattRateR KV hled a
conpl etion indication to the inconplete interior thread. If the child
thread is rWpaiging reyenig the Aest bleck (0¢hr Edhcre afe @ei qrimege raipiae fovsi inged t r ows

into the figgtdkQekes CONGRYURE bl Ymplele M&gofgg{{é&q defth- GRS }Ngetﬁé}tm%% (NO' of

i
614), the inconplete interior thread wait I'n different enbodi nents,
t he i nconplaey eniapireriows it the ecgondlalpekso0Mt i | di fferent events occur. For

exanpl e, | EOO?@EE effpd rﬁ’?@%%’refaugﬁli Orcj\xﬂcﬁ"}ﬂ!eestegoﬂdnﬁlgéﬂ pNGNLeaGoahd S unti |
expl res. er I Ment s,

a timer I n ot enbo the 1nconplete interior thread waits
until a reswompkteemterior duesl. inJdne ang Somen@gantvs ¢athebirst bleck negetths grulof a row

into the firs I k., a.compl etion.indi i fromt hil.d thread, or
enorher -ty iRk s ddurBy SR Gk KM bR b, Ukl oMolcRR il JALERG
wai ting, the fincbingd ehite thatisconpicté hnead tlagal 9 pdefb@ring hesopataadbin 600, ttheer e ar e

any remaining rows in the first bl ock 04),, d.so on. [0076]]f the child

Thend s a0 R By & SR nBR0 s PR BB B iPka kY s any

remai ning Hom&iing thbepsaarsdobirae kncompotetilterisrabidhd isbloogskurad that tht bkild ar gest
rows in the

rowin 5 the result bl ock 18). If there are no remainin .

second bl o eaxﬂh‘@‘ﬁ I’toﬁéécg?ﬂyl agg‘t“ﬂ%“aééﬂwq © tﬁ‘bﬁ@} {’]Pﬁléu‘?tH(t,wrﬁgtﬂgre‘?%?rBYlfi‘Efra t hr ead
_dOGS not [ RS@pletiGHMdiE QWA td ﬂlb@gc"ohlglelfeeiﬁtéhbr thie@&boﬁ&e_qﬁé@]@, &8 the[i[RBAMploA t er
inserting the remaining rows in the second block into the result block, the

i nconpl et e HFiGrthispd ipdathedemainiienoesvif dhh dirstthieeki itooths et blagke thor
thread is themhRatinkBot mfe%acza8§i§%?r)ﬁfmih$s WhEhdr RERTRE 8L rddighd Rlwdiirgad is

the root thread ("YES' of 6 e inconplete interior thread provides a
conpl et¥on firsillogk{G04h abdsade spreadsheet application 108 (622). If the

| nconpl et @ |pRUP | Of thdk £8dnt Sr Bl bAGEATky Y £aGobn NTci0f R0k shie
incompl ete Interior thread provi (fes a (;QﬁpTvetl on indication to a parent
thread of thvein¢amerderp insereor ithealridentifiehs eneimpep@yy, (629t drhe ainienm povoigitet ng a
conpl eti on i neli i e .- | i . par ent
hroad, ¢nenRiet Rl Rt 0P cdier GPEREIROERE RORSLEFOLER, e Sk P2 2
fl owchart iitérisithraad then mrerexbnpliremopepatintothe7@ulp@pdkoatiee thedyrgest conpl et e

Lttt 9 oy ALPOP, ASLERSERNLR, AP RAPLAUES ROLTHORERE,© 2
t hr ead tr eéncoaplepeihfeapmhidag again determines whether there are any remaining rows in the
first block (604), and so on.
[0075] If there are no remaining rows in the first block (“NO” of 612), the incomplete
interior thread determines whether the child thread is done (614). The child thread is done
25 when the child thread has provided a completion indication to the incomplete interior
thread. If the child thread is not yet done, the child thread can still continue to insert rows
into the first block. Consequently, if the child thread is not done (“NO” of 614), the
incomplete interior thread waits (616). In different embodiments, the incomplete interior
thread waits until different events occur. For example, in some embodiments, the
30  incomplete interior thread waits until a timer expires. In other embodiments, the
incomplete interior thread waits until a resume event occurs. The resume event can be the

insertion of a row into the first block, a completion indication from the child thread, or

another type of event. After the incomplete interior thread finishes waiting, the
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20 operation 700. As illustrated in the exanple of Figure 7, the operation
700 begi ns when the conplete interior thread is woken by the spreadsheet
appl i cat iwo 20081369302) . The spreadsheet application 108 pcoaisdes/ o9t he
conplete interior thread interior thread a reference to a first block and a
second bl ock. The first block is a result block generated by a first child
thread of the conplete interior thread. The second block is a result block
25 gener at ggloRyicd I%eﬁeﬁdr&hlagdn bk BRAHeOlhdiRS (LR &L rdMifhd Rwsli hrteed The
conplete interior thread, the first child thread, and the second chil

t hr ead opeﬁ%ﬂékebﬁﬁﬁ}ﬁehﬁlwlon di fferent ones of the processing units 110
Consequent gl e frishs knikitkdati0 AU (WrBeqes Al O ifdipfdd Sherkh Afikaind the
second child thread is generating the second bl'ock while the conplete
interior thseddenygepanigrewsig thersecoedé)mk inder the @ ult plpck heriipy lergeyeenise t he
conpl ete 30Q | r e s .
concurrgnt9§IQ %eﬁgkégﬁbbgﬁ??ﬁg§§gﬁ%%a€%g ??%§?mEP%%E@8§§§&ﬁ%fm88W¥5in any
remai ni ng tlowsl,is Berte, thhéncbmpkte ioteiibrthtchd derd noainsdrisang rowsiserthe resuleblodis i nt o
the first b{ 618leevvlse because the conplete interior thread and the
second chi I'd> Thr €ad operate concurrently, there can be times when the
second bl o¢607dpes Afitr io@nimg the aemymmegrmml ingh¢ oaend b)lud:k halttethseemh@l@:ﬂtj | d

thread can | ater sert re.rows .in cond b er waki ng,
e aommt ot e te ol B B e e eR SRRl ey S Shao g
rows i not hehréddr @20bI tctke (ntddhpletd futdride tig-capis ehe réonti@eddor YHS dndﬁuﬁfnlnes
that 5 there are one or nore remaining rows in. the first block g YES" of
704), the é‘&?ﬁﬁ‘P@feemTeHPreﬁhfeB? PERYIles & Corapistion hdicatinnde thersPradihact apR CaHQn

remai ni ng nogg6an Uhmese@mﬂet@h&@rk@r&ﬁ@ﬁ) is §RQROtoot thrédaerRoarsE 620), rRymai ni ng
rows in the second data block ("NO' of 706), the conplete interiaqr thread
det er ni nes IREREPISET infasier élge%aromef 8 Ctomp&‘élen iindigpdiqa tp Zopyrentthisad @ $bd chi | d

thread is qeom 1ete ﬁﬁ%oﬁﬁﬁ&a@%@l}' Iﬂftérwle@xdpﬂaaﬁm@rapwlﬂﬁdloe R@ERIBLH AR
i ndi cation 10 P he conplete interior thread he second child thread

i s not @onépre%%he% apRisatiah 0 ox Hegpeeng dumﬁi |th¢sere<@mdda| infedprathradvidecPnt o t he
second bIoe&Z)Sone of these rows could be snmaller than the smallest row in
the first block. Hence, if the conplete interior thread determ nes that the
second chi [[#78hr ealdigits Tnivta fhoighar( ilgratiog a7 @8jmple kperetenmplO8tperipmeadrtiyor t hr ead

waits (710 r e r waits
it e arrpRPedhels b CARAMTRY dernkUE RPARAhficd WAL BN SRR, 12
conpl ete |nOmpkwnmth@ehdeaadsaumﬂmtIMWﬂnmmbmbmpheé@wdmﬁeomhﬁﬂﬁemhbﬁinents,
the COFEBI et 0 er%t'i]d[ne/rdo 1ﬂu§1%gedm@ HeSext fe ofcheureC 9%5' gtet?atiogltﬁ{) b?%l ead

recei ves a resume ent esune . ev ha € second
t hread has thenecemﬁlﬁd igeti@whiead s bvhbersb;taimdsdndzaddieemppﬂmaiontm @erondhd hr ead

is done. After [ ) nt er or, thread .has f hed .wai.ti t he

corpl ete 1 vEHhsH eRRBR SUL MR ere B RSB dpRE PGS BEbHaTEfdck

i ncl udes amferemo b Tikd blockamell 5@0@1@1 blddROEhE fiksk bIohlG1s$&6@[td)lchaigblﬁbrit$d’ ®ad is
done, the secon | d thread not insert__an rows in e second
bl ock and fHEE q‘fa!ﬁéflrﬁ%ﬁ? PSiRMR ter’d\%élof fireade The dbtﬁB 15 43§ ‘e‘d}ﬂ tly,

al | remai NighigerdtQIGy 4 gbcbllfteclfﬂdrtﬁ&acbbmgc@ﬁ@et&@{teﬂfr tﬁres:m BiRYcohPWid itetibe resul t
bl ock. Hence, if the lete interior thread deternm nes that the second

child thr eélaequthﬁeﬁrﬁehléd roptnd e speeyd chilth ghreadipppiateeroneiiispilnen diffeeay

i nserts anyn&&raicPrt@ssiaits M1d. F@onfséc{usﬁﬂzyb{mifst chl PR is Radthdnghh Ok af ter
the largest rowin the result block After inserting the remaining

rows in thélockragd thy secrnd ghijl thﬁ@drléﬁgnﬁtfatmgo@k seqope bdestpyviaiicethie rogiedt ¢ hr ead
agai n det erﬂ%&ﬁlﬁ%hf’éﬁ@%@%&rf&ﬂﬁﬁ%t@ @pe?a{%ﬁénr%ﬁ' PLARHH WS bédausﬁh@lefdohﬂeté?' ock
(704), and so on e conplete interior thread determ nes that
there i3 alrrtermlthwwganrid fimt ¢hild tiBoads@sticaPwedatly, th@smrolfe t70@) whenHlee
conplete i r 1N row is
t he snalIegﬁﬁpgﬁgﬂhgﬁﬁﬁgggg?%H%%%%' ﬁ%ﬁkﬂf?@g%iﬁﬁé ﬁg%m% gﬁgg%gﬁ’ | ock
The conpl etneré¢ mveruntmrthe Wnﬁdﬂbwhdnkamseer’otwu&dwe reompleteninteowr thngad anfleha esul t

bl ock after _th n th 7 e |ng t he
i i mum ¢ o PAE S RHEREL b e RN B (08 g Vb AR

determ nes whether there are any remaining rows in the flrst bIock (704),
and so on. [0083]If there are no remaipgng rows in the first block ("NO' of
704), the complete interior thread determ nes whether the first child
thread is done (718). The first child 5 thread is done when the first child
thread has provided a conpletion indication to the conplete interior
thread. If the first child thread is not yet done, the first child thread
can continue to insert rows into the first block. Consequently, if the
first child thread |s not done ( NO of 718) the conplete |nter|or t hread

e f =~ N\ r r I o, e



10 enbodi nents, the conplete interior thread waits until a timer expires.
In other enbodinents, the conplete interior thread waits until a resune
event occowow1MTiIe93resune event can be the insertion of @&crasmoémsahe first
bl ock, a conpletion indication fromthe first child thread, or another type
of event. [0084]1f the first child thread is done ("YES' of 718), the
conplete interior thread 15 determ nes whether there are any remaining rows
in the secgedcola{aq%y(r&%zﬁnn Irbwi, Bel @e @éc%n@aﬁld%reamﬁl LRFRLGH RBrBWS il N t he
second bl ock ("YES" "of 72 2%, the conplete interior thread inserts any

r emai ni ng ﬂ%m&mmﬁbkﬁb second block into the result block after the |argest
row in the 6(9@]’” t Qh%al&r?gz@e om%té;%io?ttl?reddn& rfnﬂfe Rxm’eﬁ@ldth%%rhré QI%EI"[ the
r emai ni ng roms in the second Hiock Into the resu because the first
chil d t hr eaumaining rovet inghiel fizh plogk (Thsh.e I momoleteh@terlpr ﬁtrealdld@@kmmnﬁthal | rows
inthe fir C . t «bkee n

renalnlng ?%ﬂgb?ﬁﬁfRg%gggggﬁu@ﬁggﬁwigé&Pg?ggﬁ&%ﬁﬁgbghéfFgggggfmr &?ﬁn t he
resul t bl oakeridr G085l dafermmes whehdrithege @nyny emainmgngws owvtke $en01tdrté0®6(@(ﬂﬁjd bl ock
into ther bl k or_after deternlnl that o |ng r ows
in the sec %IOLI oc lze (Ve ofre?]ﬁﬁl)mg he 2 SeCO eciaéael?lﬂ :I:{Ior %géﬁ
deterninescWMgbhenwnhemﬁﬂédaQHMﬁmw&akwehﬂwm$Mdmﬂét@%ﬂﬁ&(mhé(mmp Emﬂplete

interior threa t n s t the s read .i s, not

oy The A ef B FRELR SR P sk g SRECR s B TR o  Cne BRI En ot er f or
thread ios fié tesdha@lcwintdriogthrdade 1€ aRpPLaing ohﬂdl eifréAdris hbr &ad, dgacdondehi®r m nes
whet her there are any remaining rows in the seco bl oc 722), d so on.
30[ 0086] | f thrpad ‘E?B}?Lpllnéﬁ“e fﬁa foagli rgWS {149 é@cﬁe&%@éﬁﬁ( @“ter%ftt%é C%‘mq?ed t hr ead
is done (" ¥&dl erqﬁann%@)smanégercﬁ@m){h@tfﬁsﬂm@cﬂzrIHéncte hﬂfelaedcdmﬂaé MiiRs gt her the
conplete interior thread is the root thread (73 he conplete interior

thread is tR&miBE: httHpesrgord shid-thispd pay dOIter(eNQ r?ﬁ|78%>etherﬁ>p@t>le&ﬁ infefipead
provi des a ggeqpheitd @M0). NI Gkl chBodifent$ RhEaGaheRtinRAM !h?eaaﬁ'v@i‘ts Ju%l (732).

|f the conplete interior thread is not the root thread (NO' of 73 20

t he conpl eddforent eyangy ocewr i cpprorl.de some ephplimentyrihe paniete |116f>r1qrdhl’@w(e par ent
thread of thgs GAMRIRLER ekl ! h%m&%ﬁ,@alm{ez{é% cothBIBk lﬁbﬁ&%emms%ng the
conpletion indication to the spreadsheet appflca I on or the parent
thread of tlivecoowiatd wtasiof ﬁltr@dlrmememé@dmetem@tc@hweemee ﬁ\rwtecranondlcm thatl sl eeps

(736). 5[ 0%7Je56n‘21“thf‘ea§ hhssmé‘erfehoa%(lﬁf'n[o Héoﬁlﬁ %‘idcﬁ%r ikt ‘?ﬁ%aéé%rﬁi @RGE L1 on 800

performed by a nenory nanagenent rea e nergi ng phase of the
sort proceﬁgm:S@hﬂﬂ@nhmdwmﬁmusmeﬁpwd@asﬁmﬂwnannun@gewemwaEQMHnmﬂaithat
i nvol V%% an? Hét!:rﬁﬁes hethélu HPCPIS{ rﬂp’lnéludes% ow%f (7j(56h d bl ocks

gener at'ed bY Sort hase are s |rst buffer.

For exanpl ¢008ﬂ)] OCkH tiElbcondl1dhjld 4lilr8qd 142161;6, cﬂI%ZS,ecdhﬂébhllaltidea@Zﬁﬂl not insert any
more rows into the second block and there are no remaining rows in the second block.
Consequently, all remaining rows in the first block are larger than any row in the result
block. Hence, if the complete interior thread determines that the 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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10 illustrated in the exanple of Figure 4 are stored in the first buffer.
When the | eaf threads generate result blocks, the |eaf threads read from
the firstwbubfienesnd store their result blocks in the secons2dafosmps For
exanpl e, threads 408, 410, and 412 illustrated in the exanple of Figure 4
store their result blocks in the second buffer. Internal threads in a first
tier above the leaf threads read rows fromthe second buffer and store
their resulge éeﬁulbb%fssth@%hlplem Ritdoe tﬁrbdfdsEgali}yﬁétglrmmé:%h%rmér@7aré5 ads 404
and 406 illustrated in the exanple of Figure 4 read fromthe second buffer
and store trwmmgmlmﬂmf@wb&ckﬁ?@d) ©AGSF ¢k st buffer. Internal threads in
the Second 6088{ abﬁ‘fl?eréﬁ%nloq@ﬁlalhllﬂé?é\gssmrtﬁﬁﬂrs{ ek {:W c;f%q 't}{esctonfm'éfté er and
store result ocks back into the second or exanple, thread 402

i || ustrat edntiriprtthigade detprpliecs of homicg dheefint ﬁlelhid%lrdadofndorfﬁeﬂfli?)p sTha difst ehildand
stores | tst rg ufst om: %Ién %196 hﬂt Tclﬂﬁi ﬁ]ﬁeccﬁr}% %i’gvfic@a ahJJ?l'quetﬁ)BQB&Qﬂﬁ)ﬁ tI) %e
progressively higher tiers int read hierarc n some clIrcunst ances,
this menor y:omplnagetnmnthlteat hHltlmﬁast(xéndd lereatios eoteyfef dconeefhb firdh amildathiead atri ng
2|m(;flc()§l (r)]; trrﬁn[‘%ug 10 1nser][ POC\ixllsvllnt%L{ﬁe Prsfl%f‘éﬁk Blor?s%lcilfseﬁlg; ggrﬁgg gthczlg?"?lge%qlb 1?%1'8 2?’18108
expect s t hedoid (r‘fND”roégm)t tfialcombleteanteeon uhrefaﬁlevafts (R0). bImf&ﬁasrent%bbbmner in
some i nstances, Q tnaltreuttbtglnéﬁjs in the second buff rat her than
the first ?Oéfpe%lh‘f PREHSPE Waith U EibotichE M e ?ro‘i}ﬁa’Pi‘B tfﬂ PWenory
managen®nt chbodimictise thea|cbmﬁIEfegﬁ1téri’Uf emetadi Waids Qinden tinef @pﬁe.x:tmt otheead from
t he sane bu{ngqu and store their (ﬁgult bl ockls in the sanme bufr{] Hovvever
an inconpl & PR 1B CApIRe gisrion ducad ATS SRUI TSI CHyPoP W TR AR (i

a bl ock inctde c&ﬁ&pﬂhg nﬁHﬂﬂcoﬁro}‘ aaﬂ\d ido RhOGKt El@ﬂ@'é&:"oﬂ‘@leﬁ@n infdhliegfrbMendl OCk
sorting phase (i block in the first buffer). The nenory managenent

t hr ead perf‘éﬁtFr]éﬂcftﬁga@)p?éﬁ%ﬂi‘%ﬁ’%@@e‘t%t correct these issues. [0089]As

i I'Tustrat eqogsa) t herraxAMRI eniRf thich@ W &n8 (¥ &pﬁ@ﬁtthé)&?bn%ﬁae baghdsnehen the
menory managenent thread is woken by the spreadsheet | i cation (802).
After waki Sgermings WRAMSF Yhchhtia GRYrEmAIIPg Ea lﬁléfeéﬁfﬁnﬁé’éoc%{é%%eﬂ f thpreraee are an
odd number ol o ok ERlmdthird Q6K Sh ARNGEHHodUFLBS: Lexh! BEkomplcld AEriBhase of
the sort process (804) there are an nber of blocks in the first
buffer, t héhrt:alrdrie@ﬂs hmmmammmg IPYE fmh@secarrﬂ blmiﬁmlﬂeq I@Sulfrhléqkrﬁfer thi fasgagt
Consequent |y, -1 LI er
("YES" of é%%)lﬂ tfh'f’ %%ﬁfr’trglr?g%? 2rqunag ene Lrteg%r mé%g:% grélh{gelrt nﬁergﬂél{lelg%lﬁg%iffer a
bl ock 5 aémsthgrsecbntid)ltfdkenforth@mshlewmk fot:@nmtlhe iyt chidd (1BGE) willlmot aéld snyway, t he
b|OCkI for neonpl i # thre 0 Aft

copyi ng"t haTY BeR o SRR RbICm MPRL R B MhBLRR pet ChaR e P AHEr ¢ are
not an odd bmah.bélren@f ali)f eokimigenes ai thd seqontl bick lacclkrgsothbn g lmfgmeow)in t he
sort proce?lls%B %ﬂ“ﬂ%‘) gf 804), the nenory managenent thread determ nes whet her
the final r&d 1°6ck 10 is conplete (808). If the final result block is
SO]E f conpl eff@s86] NO' Adér 1&@&)ng al{ Genii 1B gowmma@eé?ﬂﬂ blobk ﬁﬁcdthwaéstl_ﬁ b(oSli?l]z I n
ifferent e I ment s, menor y ma.na ement thr i fferent
events occ&Eb qgt?fm%ﬁb‘ft aherg ?fe§18rrr‘3n"’é?fﬁ 6‘?‘Y§e‘ﬂtﬂ? Sefcﬁ'gbl\ﬁ%:'fé %ﬁ?&gﬁ%ﬁht
thread ai f:smpnefeuhteﬁortthm d@%RiiNee Svhethlr Bt ReJone emmﬂhfwmssdonb krez65rennne/
management thread waits until the root thread provides a conple

i ndi cat i on cpP@pletganterior 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



15 spreadsheet application 108. After the nenory nmanagenent thread is
finished waiting, the nenory nanagenent thread agai n determ nes whether the
final reswbt2olliGeds7i s conplete (808). [0091]1f the finalPCramsedi/obd40Tk i s
conplete ("YES' of 808), the nmenory nanagenent thread determ nes whet her
the final result block is in the second buffer (812). If the final 20
result block is in the second buffer ("YES' of 812), the nenory managenent

thread coplﬂescotlﬂb%té i@ or &1@@4&' 5ro¢:1h&04<caneplém lﬁaleaslfon %‘ft}feeﬂare(ng%éad dfher

copying the final result block to the first fer or after determ ning
that the ficpraplcicagigrier tbrf@ékm@ s dfer mowﬁl@gfther eametfonepdicatiqayto ghe 812) |

the menory (RAARLIBRLILAGEINR %¥ Gfﬁ‘eoﬁal(eﬁlﬁ}ead[&otﬁglcghl }é{e m?erfo? tedl], UK

diagramillustrating an exanple conputing device ) some
enbodi ment somplkie iefengydhricaslepstiém. 100 is i npl errent ed u5| ng one or nore

comput i pg ﬁ@rﬁbges Fi Jﬁ% 06 R iR HG aﬁ%xa%{?e& fé%at§dﬂ%bng16%rn%gmgeC' at ed

that in ot ments the conputin enent ed usi ng
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of Figure mebmmeme,n@uhldﬁghajem*[edebl&(k@ gemsrmted siaﬂn@theehsﬂmﬂyscﬁt)@ phasprame33| ng

system 904,  a sec ar t orage devj c 0 a 908, a
vi deo i nt erPEde™ é? “Sé%&if*%fm g@ ‘?ﬂ‘&’iI/‘Pffeg]@%? 1§n4£§t4\e@n§d qé‘r%rp%z%eﬁ‘? erface
914, anoextiarstabd &it0s a;gmﬁkauﬂ Kigur® 4Gyre @bred NPt fikevufia. Iken tAe Raf tmteﬁas 920,

| n ot her_ enbodi devi ces are

and a conmuni cati on nputin
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anot her exargekEeineikb QeioiB Blfferd EQTERWIpRIhARML 668, dmsaﬂmoznzl luﬁémdﬁ ia td deo
interface, a dis Iay devi ce, an external storage devi ce, or an input

devi ce. [oeg%qlpme Fr@ﬁﬁ?r‘i/s@’@zth‘?lh&qs%é@d@n’é thy seepnd bl dbteinak BEcadbie? dat a

storage negid trr GRRARNE 1S 15408 kdd BRE FoANEé %cohﬁ'%hffé!rcéﬂdos@&e R ds@d in
this docunent, a conputer-readable data storage nediumis a device or

arti cl eSof biaskubaekt lmoeth? Hast uftsr-eor Rxpaplan dyrends S84 tand 486 i HetRigd tin gk
readabl e by, g, GOFPHELRY BRVEGR thel sBedhl bl REERE sRIPAGH R El’ocﬁs'lﬁtorlﬁé@fsh/ 902 is

i npl enented 1n difféerent ways. For instance, 1 n various enbodi nents, the
menory 902 biferj fpleeabihreads wsthegecond tl@wbowﬂaeéeaéfhr@admﬂ eq‘aWSr omal Brstiat a
storage Mo TR el AUASSARE 1G0TRULELA BRHADI Poclalih %g%m%d' a
i nclude, but are not |Iim nam ¢ random access NEND ry

doubl e dat allustisted sythe brraompdaust ngmamrcads &dnddhe ActesEr prhuongs (tsDtBRll

r educe%l at ﬁ%%ee%r%%ffem% S%D]I%AMES T og? y hi m{e% 15'6111'\4 thlsegé hler (ihgt e

menory, fl as read-on -erasa
progr ammblhe s&@x/bmamdtamdsethmt mperythardngmnmsr.ecamdﬁ@ tanabd rrmfeeesfﬁaéntnthmuf acture

LoUhaL S 6 Q0TS T, S08 4 ] des one or more
i nstructi on@ss] n viar sdﬁ%SerﬁtﬁﬁBleéri@BﬁlﬁloyﬁlQQh@rrﬁ)ﬁﬁﬁrﬁirﬁ@lagement 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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system 904 is inplenented in various ways. For instance, in one exanple
enbodi nent, the processing system 904 is inplenented as one or nore
processi mMyocores693fFor i nstance, 20 in this exanpl e enmbo®CHAIS20110B2295
processi ng system 904 nmay be inplenented as one or nore Intel Core 2

m croprocessors. In another exanpl e enbodi nent, the processing system 904
is inplemented as one or nore separate mcroprocessors. In yet another

exanpl e emBRféksng‘éﬂEnateﬁ hﬁnﬂg 26 BR iRy %hﬁ@%%% sbft prdERdsQEBN! @fith@l% 28arASI C
t hat provides specific functional |t§? n yet another exanple enbodi nent,

t he proces$fhguahet @nblgm ipghe Gt datfers ;slef‘cthrtraé Figraiehy divdiides gn BycogPiaty an
ASI C and by, gxaCHihd9 BR{ LS, if’lﬁéré et 4 0ng m[n%%} blddkdin| fE A tbuster

enbodi nent S, t he rocessi ng Sy stem 904 executes software instructions in
different I(HERT uet $Un @etnsequbrmanm@ntélreadmoms it e seapudbufattasblogkhe

processing, @@%&%tﬁ@%% 1&§m§ﬂﬁﬁ%@mgﬁ%y%§a%§blh& i ?e%l% %&F@e‘é& sets

such as the I nstruct on set i nstruction set,
i nst ruct i omhese¢compidteinSPR@réadst r uct i on 30set, the | A-64 instruction set,

the MPS 'E(f(b EC“ Rer Se%}h% eb?ock?ot eseconcﬂ) e(%to}a erﬁgt%rs 1n1[1091z lig:lare

secondary ev C i'ncludes one or erérda e data
st or age nedb@an EFdirb n&rﬁb@mfadigckstgemagai demed&ocﬂm@rtstgopsm datha sartchrs@kd war e

instructio ot acceSS|bIe e pr.oces | n ot her
words. t he (N Qo R pbndiioResut B MaPheS SRurE R e b e ot o
and/ or 190of a3 (808mslfrtue&inﬂnssuﬂtrmmkt Raoseemida NGt of 8138, teviearr®06. |1 n
various enbodi nents %Q H§ éla @ 8 E ice 906 is |nplenented by
vari ous tyﬁ@g%ﬁﬁwab éV”Fe B F@’%ﬁ@mﬁﬁd & MAEY HEPLENCEL t he
secondary sreddagsts AeNT GEerSR@vERYod2er. 1P bLamp, @fsolé bR ddenfiDIhe ni¥RBRET i C

di sks, magnetic tape drives, CD-ROM di scs, DVD-ROM discs, Biu- 5Ray discs,

solid stat @aegeBIe)t desadcwusits wEH folimEr cxpictr i lAgwther ephpdancngy Hes MepoBs of

conput er - r gadabhRnddtRd Stk ag8 RAbs: thiQP3vIne an&tn\cqmdsnuﬁa@woaqs tgard 908
enabl es the computing device 900 to send data to and receive data froma

conmput eif coprtihechepisatinat WSr kATtrihe memepemenagamedithesd & finished waiting,

the memory management thread again determines whether the final result block is
complete (808).
[0091] If the final result block is complete (“YES” of 808), the memory management
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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the network interface card 908 is inplenented in different ways. For
exanpl e, in various 10 enbodi nents, the network interface card 908 is

i mpl ementwo 2a81/13693Et her net interface, a token-ring net woCH/USpt1@/08me®, a
fiber optic network interface, a wireless network interface (e.g., WFi,

W Max, etc.), or another type of network interface. [0099] The video
interface 910 enabl es the conputing device 900 to output video information

to the di sraklﬁ%/ n@?evér%gl@rdwjafb Gfpb st FoeBRAE B AhStherteREMME d8B0diRtA! f ace
910 15 is inplenented in different ways. For instance, in one exanpl e

embodi ment & GIMPURL ey ign e gt anduds ¢ yidentinigiacced dislay deviest MechiSEEH of t he

conmputi ng gﬁMiggeggpor&ﬂnﬁﬂgggg; exanpl e enbodi nent, the video interface
910 is a video expansion card. Exanple types of vi deo expansi on cards

i ncl ude Rad@®9dl gr al")lm Bemera V83 invludas est rrreete Bymrer-Tekehiqglh@giaage megea  of
Mar kham, OE%&B %fét@ﬁ %ﬁa%fa cﬁ‘@%arﬁét oﬁé‘.r%u&‘ﬁw&%ﬁglﬁﬁrﬁ&t baycoh%kfy ?ead
n ant ara

20Cor por at i Fornia, and ot her types grap |cs
car ds. [Olﬁabmwnwﬁmmﬂumnsmhhdmﬂenmgdewﬁewdu®@hmymd@wﬁsdagbzwbsmﬁhww@nented

"ol ude.  bUl R R R R SRR SR o b BE ey B BRI ST oy
panel s, ,pIa&ﬂ@kmﬁmeﬁnndﬁ&ﬁh&Wmnaﬂbtﬁmmh@uﬁquﬁemsmmﬁvmmﬁg&ph&mmpa%@]s LED

screens, pro tor and ot.her PE evl ces vari ous
oebod ment E R B DR BT Bl AP S5O et St R o ce
912 in var ityges oﬂ\laMﬁputé‘_rQEadabllstdaﬂC@oragel’lmV(ﬁﬁ Iuﬁillﬁieem}%é ﬁal‘lirﬁuedtibedyhadﬁo
interface 910 conmuni cat es di ice 912 via a Universa
Seri al Bus%@@)ace%ﬁ@e%vﬂv‘%w B]ﬁrf%@trﬁ‘r% SYRCTY Mt Ynalic (RO 3EEERY ace
(DVI') conneghiiy (BDRSSYRARD, &A0ORCELRAcy BRANNDDRDI SIDRASN mbk@ )32 8

Interface (HDM) interface, a D splayPort connector, or_ other types 30of
connect or s. a{f@&@&?% golihstaly Wamcyoﬁﬁaﬂmow Atadricmene (RPN decttigrdy-

conputi ng daViKEEpRRRMNALROBOND af@bfeMybds SXISIBRAL AR GRS of| HantBIChAUS
enbodi nent s, the external conponent interface 914 is inplemented in

di f f er €At N@?@meFBWflnstance in one exanpl e enbodi nent, the external
(2:2rrponent 16998 T aCtheHrBcdssindsydbh boY BEBGSone!d? ntl Sﬁys%ﬁii‘i@gﬁat&l”@&q{tﬁe nts,

that selectively execute software instructions. In various embodiments, the processing
system 904 is implemented in various ways. For instance, in one example embodiment,
the processing system 904 is implemented as one or more processing cores. For instance,
20 in this example embodiment, the processing system 904 may be implemented as one or
more Intel Core 2 microprocessors. In another example embodiment, the processing
system 904 is implemented as one or more separate microprocessors. In yet another
example embodiment, the processing system 904 is implemented as an ASIC that provides
specific functionality. In yet another example embodiment, the processing system 904
25 provides specific functionality by using an ASIC and by executing software instructions.
[0096] In different embodiments, the processing system 904 executes software
instructions in different instruction sets. For instance, in various embodiments, 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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the conputing device 900 is a FireWre interface, a serial port interface,
a parallel port interface, a PS/2 interface, and/or another type of

i nt er f acewOhaty/Be®bl es t he conputing device 900 to conmeairaste 10B14bS5
external conponents. [0102]In different enbodi nents, the external conponent
interface 914 enables the 5 conputing device 900 to communicate with
different external conponents. For instance, in the exanple of Figure 9,
the externgly GQIRONEH thotRESRES KbheNRRIESodeheanComRYl | dbhodeihie 00 to
communi cate with the external storage device 916, the input device 918, and
the print escpdrry piarage Hercesi§gsimripmented nevasivpehes ofcompoiseredibin d&if ace 914
enabl es t e EamRkiNr Gt 9[99sécgnd\amﬁlggﬁ%\gce%%hmgpﬁ@nﬁiﬂleﬁ;l&l‘f@lrb)g)(t er nal
conmponents. Oher 10 exanple types of ‘external conponents include, "but are
not | i m t edne o, mgp axregtis diskhorpgnetivaryi diycs, @&BO%@r@nEVDrﬂé@Madlmse@ler docks,
ot her cqQnp n e g a ader,
and ot hgr E&gl(gsécg tgﬂglte%gtgn&%ﬂlg@éﬁ%%{se nguf{} gﬁ{crg%putaa}nﬁ}gop evil CQB‘LQSOBP

[ 0103] The e&mmrtﬂahacblbbrdagetoa@mn@dmm is an external conponent conpri sing
one or ut e St e nedia.
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oyst om 25 S0 Ot St SR e By 4GS oD R g0 TERERY skl FrPelPoce. car d
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i mpl ement ath@Rs cafbodiiRnt O Wided tht€leict 080 SmuiiblesSwBOMIINp R de @S 9 medi UM
922 may be i nplenented as a PCl bus, a PCl Express bus, an accel erated

graphi cs pdt tVa[ipEsp)Vapt s Fora isanes. niih Xprus nerabqdineiie t the qvideq jinferiacqy dHt ed

Technol ogy cAhin@eiaENitk &E/ﬂ)splas}tc@me@meﬁa a tﬁn%aa!séreah B AUSB RhsRERELt, a
Fi ber Channel interconnect, B bus uting systemlnterface

(SCSI) i nt GAaeameger, aﬁeﬂthle\flwymerme n@%t@rb @)‘hng -Vigai aepRecto[ 0HBB] The
merory 902 rbiniss M Inwﬁeé@ﬁngqﬁt@rféc@dA BlspRPEIEhReck SIS [ypRS - For

i nstance, in the exarrp Fi gure the nmenory” 902 stores a Basic

| nput / A4t pwt c@pedtem (Bl OS) 924, an operating system 926, application
software 9 nd (o] of t war e
instructi oi@ tf}l ?ﬁ\ﬂ%g{%&g%(lg?u ecfﬁgmtél;ﬁa%e glrl%ré%geﬁr%gg&s 1?#;318%% 3%%"2 t he
conputi ng dmmmcgamthoemml d¢p1ces?l' hén opanatanbgdisestsethe 1&te@Rb compdnedes a set
of softwar exe the RILOG (! em 904,
cause the g%ter@“"%b% }SdI%B";%%’Sﬁg‘%Bl @Y‘ﬁ&e?tm grétt Ogg“%x“er exa‘ﬁ@? emg?cﬁ%?‘%t

coor di nat e%etdx&:rrmttompdmeﬁsnmfabesﬁhans mUSBfmueﬂ‘muﬂn:eﬂneloéxamhb coopintentsg devi ce
900. Exanple types of operating systens,include, but are not limted to,

M crosoft Wndows 0O, Linux, Unix, Apple OS X, Apple OS X i Phone, Palm
web0S, Pal m OGS, CGoogle Chronme 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 conputing device 900 to
provi de applications to a user of the conputing device 900. The program
data 930 is data generated and/or used by the application software 928.



[ 0106] The various enbodi nents descri bed above are provided by way of
illustration 25 only and should not be construed as |limting. Those skilled
in the arwownili13s®adi | y recogni ze vari ous nodi fi cati onspramaSediangagst hat
may be nmade without follow ng the exanpl e enbodi mrents and applications
illustrated and described herein. For exanple, the operations shown in the
figures are nerely exanples. In various enbodi nents, sim/lar operations can

i ncl ude MORR Qi cﬁ:ﬁﬁf levadcCR lg han SRS Bt RAONR s‘eﬂaltﬂb@t ﬁltegﬂa&eea paFatnetIk&{ nor e,
30i n other enbodinments, simlar operations can include the steps of the

oper at i ons iEerERe # RSEhiateriagpuerdlon odicr fneertinisHagsr hat qr\Ebleﬂ_mel\ﬂompum]g A
ot hod COrREiisl 0 oSl b ROuIRLAChE Tyl ilag, SPT eadsheet table into a

plurality | ocks; uslng e threads to sort the data itens in the
bl ocks; 5af[Q1e9|2] t helngdiffereitt eni@dlmﬁntShéhebetX@ﬁtk% camponnt ingafacey §1hgnablyy the

computi ng %&ﬁ@ﬁiﬁg ibéﬁ & c%ﬁlrngl%icta{y\%ﬂid&ﬁ&%ﬁtg&gﬁﬁa%gmgoneh@a%o{]‘ﬁ?tglllcte bl ock,

the final res contal ning eac ata rtens 1 n the spreadsheet
tabl e, eacln tic elthplﬁr@f @guteh? ehﬂj@ctcbreitlmgmaomdnt edatfabhit4 ereblge shetavmpsing ce

bl ocks to gener a resu t he 3Q bl ocks. b i ther
one of 1 ne 0t 28 wrapfitihe BR%EeERA ug IR R MRSl M) ner
one of t he thua priarg &20. hi[reaﬂ& engtfodiments, the@keplabyinn@nentsoieifed N eresibom tf t he

spreadsheet tabl e, dat ems in.the sorted version of the s adsheet

bl bor ngouRdaE s R da) b Mo Brical wRBEoTS e Fiat S et R FHRoF
result iol oekample types Ehextafahlhadnpmherﬁé aicridd,, bt ik her lisiespo] Speakkrs, Cifhbﬁer m' ni ng
an approprl te nunﬁ 1‘{59{{ .0cks sed m.j ob size

number of ﬁadglgggqc s ‘i’Il g PEYYC §]§‘1 ﬁﬁ*eg%?@mn CVICES, et I%I‘ﬁ nunber
of the bl oglficrhd) ol fieipidl Rhddryardf ot QeKiSes| tRat@AH A chincbhRE GRRIQRRIpuAIE nunber
of bl ocks, and wherein the nunber of data itens in each of the

bl ocks is &4ppfomately equal . 203. The method of claim 1, further

conpri singio103] AR &kdFhdlisRSage ¥viH 616 AR WkIAGI %yrﬁls&ﬂam d’(‘fﬁﬁoh’é'iﬁg oh@er nunber
of data itens In the spreadsheet table exceeds a lower limt;

usi ng a3si Airecempuideadablg dpfa sepragemprsia iDhgrentdaplemeppriir O\ﬁﬁ@rﬁoﬁ’d?émi*ﬁjnber of

data itens j.h.d hig) ﬁq&&ﬁ@é’%ﬂﬁ%ffe&&@ k5 edQesk Rk fXEREHEVIRE EONESIe hpd br
254. The nethod of claim1

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
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wherein one of the nerge threads is an inconplete interior thread when the
nunber of blocks in the plurality of blocks is odd; wherei n the

met hod f uwoher1/ieespri ses: assi gni ng one of the bl ocks t@CrlusS20mnoe¥ps et e
interior thread; and 30wherein the result block generated by the inconplete
interior thread contains each of the data itens in a result block generated
by a child thread of the inconplete interior thread and the bl ock assigned

to the i ncmmltﬁé é%cérﬁlral%/rs‘t&ﬁgetd%f%@d@6 then RS R ihtbBAF8 chrid dbBanE R fntcPfa@CK
generated b he inconplete interior thread being properly ordered. WO

2011/ 136937 I@sﬂﬁl@%@@@wposent Taerpast fldd lafdifprantpingplempgigationn of Kle
i nconpl et ecbﬂﬁ &H QEVIE{:g(%agleE%IIﬂfll%lcﬁg nJe&iﬁﬁlbzb hsemfp@énlleﬁlvé'dnlgdl%f?eh%éys

determnlng er there are any remnal nli ng data itens in a first IOCk
the first Ebbcmstb@engmt [deforens uinplghadkiogenelr ghededmputing ddvided %Gr dbd of t he

| nconpl ¢t e o Bk Alond HALEAK2 may b REALALILS 4 PE1 hR! | 0h i AGLARNG, When

there are one or nore renalning data‘itens int
det er mi ni ngeoskeettdte graphiey eoer @ G@hybuserai Infingadiairercdnand, knsceals ddeandedl ock,

t he second hl,oc assi t.o the |nco | pterior threa

nper f or mi ng}b ?}}?Oi(ofg?Slllk{c:%hlﬁlﬁmagtl o)n TR &) ”Qgreel é‘lre cl)nterconnecq’r errg%bnl ng data
itens in tlthasetomndcdihetkds USB bus, 4 Sieswlt CbmpmglgasystbmiImeffaaéa(Sé?SI)tmtmfadehe

m ni nrum dat a | bei the.smal | est of the remai ning data itens in the
first bl ock' &K Jh g SHRUEH 2 PS8Ry ¢ i ng the mininmum data iteminto the

resul t il ogéoSpl | ovhengerhdre 90Dbhtaieg estoud @ipas dftdatmant)ot RtwaesitsttucibBC Kor
generated by, e L MEoTRl St o LALEY 6 A1eoty and, oo b OB G epon
itens in theidg)ret, & GkatingtsGstéh®26 efpplitatibh Q6w 461908 2dn@ Prédtarh iatal g300NPI et €
ntertor h%eadIJso'géfﬁcTudeE 1 ot 20O hvane inkiructions that, When exccuted by Ghe
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.
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20generated by the inconplete interior thread,; determ ni ng, when
there are no remaining data itens in the second bl ock, whether the child

t hread i swoane;/136937 wai ting, when the child thread isPootUSdan®324antil the
child thread adds another data itemto the second bl ock; and 25i nserting,
when the child thread is done, any remaining data itens in the second bl ock
into the result block generated by the inconplete interior thread foll ow ng
the | argestygdatampstemin the result block generated by the incomplete
interior thread. 6. The nethod of claim1, wherein the nerge threads

i ncl ude a par ent MHRbalEeMPHEiNg:st arts generating a result block before child
t hreads of the Lty : af i eir result Dbl ocks,
the child threaggﬂﬁgﬁ%%gﬁﬁggg%@§?%$%§§QE%Fﬁggggﬁgﬁ§%ﬂg%&gf t he nerge
threads. 7. Thesirenhdiblothreadsto gort thewpianteing it theblveltsge t hr eads i ncl ude a

| eaf thread tha f - | .o t.1.91Sy. : m ni ng

whet her "t her e a%fé&%yﬁﬁag&ng%%ﬁé%l gt%\gr??oé%g’ 45%%%1]3}%??051%@8?%%&{6%& gned to the
| eaf t hreadgultiflemtige dtreddh ocdgenbreicndineheswf bledkeths dintleckubilbbock spntgemgor m ng t he

foll owi ng actions L¢e there are o r re.data ite in the first
D oen BdeEa o AR Sl EnP B R LFd Rl SR ok fehifedd 190

bl ock assi giethetgos twiesolirrablotkyte g@cherdtdre resdcblngk, bichak theabinge Blodistbeingone of
t he sorted bl ocks

one or or §Rt0R isione SR SRRt B A bR R AR Gat e
item tile mecAteThiudiaiml it em bei ng a
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.
2. The method of claim 1, further comprising: determining an appropriate number of
15 blocks based on a minimum job size and the number of processing units in a processing
system,
wherein the number of the blocks in the plurality of blocks is equal to the
appropriate number of blocks, and
wherein the number of data items in each of the blocks is approximately equal.
20 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
items in the spreadsheet table does not exceed the lower limit.
25 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
incomplete interior thread; and
30 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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smal | est of the remaining data itemin the first block and the second

bl ock; and inserting the mninumdata iteminto a result bl ock generated by
t he | eaf whnendidedsver a | argest data itemin the result Poirasko11d34pserti ng,
when there are no remaining data itenms in the second bl ock, any remaining
data itens in the first block into the result block generated by the | eaf
thread after the |largest data itemin the result bl ock generated by the

| eaf thread; anghe method ofcldimgmleg,thmé‘amﬂla@ﬁlﬁerﬁﬁﬁlﬁ&fa peA0misk RAst@at a itens

in the first block, any remaining 20data itens in the second block into the
resul t bl odWloafingactipiie | argest data itemin the result bl ock generated by

the leaf thr eaddetémﬂ]ﬁg TRLUBEQIhRL ik Iaﬁ}; %}nziniﬂ’gvﬁl\%aag.{neﬁlsthhgfﬂs@@lfoclg, W end perforns

the follow ng actions Tn response to being L ~ determ ning
whet her a blclybeing thatresult blogk genetdted byithasehildithyedd dfghesinednipdete intesior a smal | est

25dat a iste'?ﬂrl?a[&-the second bl ock; perform ng, when the |argest data
iteminthe fifst block is smaller than the smallest data itemin the
second bl ock, aperfoeasig thcfelldwing egtiongwhet thomsremnt lvo mbrecompiamignlgtaadais t | onal
dat a itemsii{ﬁe p%f‘oicr_st bl ock and the second bl ock:

inserting the®dat a |1f'ems inthe first block into the result block generated
by 30t he | eaf threadctamihing whether fieerdre oy redeinthgtdataiitmmn 4 secérilebladkcond

block into the result bl ock .after | ar gest ta itemin the result bl ock
oomor at o byt niEREhd BRPEt 8kt o HeliRiwi el & ar cost  dut o
iteminothe second bieofokming tieifalldveng idtians whehthdrt &stonelat @ordetr@mihiAgt he fir st
bl ock; and er f.orm ng, \%Eég the largest data itemin the second
bl ock is small eflat‘l‘ﬁ%{ﬂs Iflﬁlée?igwod‘ldl data itemin the first block, at |east

the foll owing actions w tii@utyiGoimaihng dadachi @0 alinithamaatd iRFBbdiny thbe first
bl ock and the second bl ock: o ) _inserti n?( the data itens in the
second bl ock into th&alledgf the prmepiking i itepel tspirst eck aad therspgoad lockng

inserting the data itens iﬁs@rtﬁ?%efﬂlilhﬁﬁunbhﬁg kerh M9 e R&ult 8RKk FolRWARmaf ter a
| argest data itemin the resul't block generated by the |eaf thread.
15 largest data item in the result block generated by the incomplete interior

thread; and
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; and
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 threads include a parent thread that
starts generating a result block before child threads of the parent thread are finished
30  generating 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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9. The nethod of claim1l, wherein the spreadsheet table is a pivot table.
10. A conputing system conprising: 10a processing systemconprising a

pl uralitywof20rie®sssi ng units; and a data storage syst emrCTArspO11HBIGS
conput er -readabl e instructions that, when executed by one or nore of the
processing units, cause the conputing systemto: divide data itens in a
spreadsheet table into a plurality of bl ocks; use nultiple
bl ock sorting tttét&ﬁftﬁng &h&@értthetrétere qg-} Rnlat atametﬁtenem%r%ek :Js@i‘éﬁ&ft@' n the
nunber of the bl ock sortin reads 1s equal to the nunber of the bl ocks;
after the @ﬁﬂﬁﬁﬂﬂeﬁbﬂwﬁhﬂﬁgmbP@é&@n%ﬁﬂﬂﬁﬁﬁﬁﬁHQOd@se mul tiple merge threads
to generate a fhimigit onll AEbeichlEnfid Mgk fESHIH nBKOGK: £ARLAINIMG each of
the data itens In the spreadshéet table, each the nerge threads being a
t hr ead t hatlogkr ges two 20source blocks to generate a result block, each of
the source bl ocks bej f : 0 t he

resul t Blocks generatg%mﬁykgﬁ%ﬂﬁgﬁwgﬁgé%ﬁ”?ﬁéhﬁgﬁ%%%%ﬁggggwa&% %%k

di spl ay a sort easigecdstioon ledf thrhel, dpreadd hbek btisphmthedatceofithesvsed n t he sorted
versi on of the ggreadsheet tabl e being ordered according to an order of the
data 25itens in tﬁe final result block. 11. The conputing systemof claim
10, wherein the corrmﬂ@rmmg&xééb)lllcewngtamlbnﬂ:\tzhamnhere whenc execwtded ifoms one or

nore of the pr2%955|n i.ts, cause the conputing systemto deternmine an
appropri ate nunB&FCEPYB°Stks based on a minimumjob size and the nunber of
processiong units in the m@ag&@mmﬁyﬁhaﬁm1t3ﬁWhetr3mﬂ1umttatanwﬁblﬁsﬁngoé t he

bl ocks in the pIuraI ocks .i s equal a iate er of

bl ocks, wherein the @? %ngﬂﬁﬁﬁmPﬂrgﬁﬁ B?ggﬂ@t‘Tﬁf%gﬂﬁgk’

approxinately equal .and
inserting the minimum data item into a result block generated by the
leaf thread after a largest data item in the result block;

15 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
inserting, when there are no remaining data items in the first block, any remaining

20  data items in the second block into the result block after the largest data item in the result

block generated by the leaf thread.
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

25  data item in the second block;

performing, when the largest data item in the first block is smaller than the smallest
data item 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
30 the leaf thread; and
inserting the data items in the second block into the result block after a
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; and
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12. The conputing system of claim 10, wherein the conputer-readable

i nstructions, when executed by one or nore of the processing units, cause
t he conpuwOnglispged3em t o: det ermi ne whet her the nurbEUSEI11032485 i t ens
in the spreadsheet table exceeds a lower limt; and use a single
thread to generate the final result block when the nunber of data itens in
the spreadsheet table does not exceed the lower [imt. 513. The conputing

system of cl ai ”be"fﬂ)rmmg henvm@fa?geﬂ dafdGteHBR R bUn@ddRK inGlandanaknt nconpl et e
interior thread when he nunber” of blocks in the plurality of blocks is

odd:; Sipkasbilan lttqipemctbm‘am lpcks atdersbihe follosting pstipsrygthoytiompasie ut ed by one
or more of 4 ﬁo&i%gﬁéhmtm Slodibhli iR f&)ﬁ%ﬁ)eﬁhe conputing system to

assign one of the blocks to the 10inconplete interior thread; and

wherei n the i nconpl engertingthe dabs itqrpyio s sg@mérb@tcbsnt@theé@ultbl%k sokratdiat
containg each o itanms in a result block generated by a child

t hr ead gf t he |%%%%ﬁ?gﬁggﬂﬁ#§rlor thread and the bl ock assigned to the

i nconpl ete interior infertgmdhe ddteitahatia thetfemlock inth éherremiiiblocklabicia lgepetr at ed by

t he |nconplete |thrlor%%g%ﬁggoceu%ga%g%9%%2¥¢%§dered the child thread

15bei ng anot her “one ot mer ge reads he® conputlng system of claim
10, wherein. theThamg@odbﬁahmds mhabmdma@n@ﬂﬂmﬁndﬂame@dmthbm starts

generati ng ﬁ gult bIocktbefore child threads of the parent thread are
fini shed gefer afi R WS PRSP Y %cks, the child threads of the parent

t hr ead bei ng otmpﬂm@mmgsﬁﬁmﬁ&mmmﬁﬁ@e¢mhmﬁ@dﬁmo&ﬁiﬁgﬁm&pﬂﬁuter-readable dat a

st orage nedi um havin ut er -readabl e |nstéy i,ons stored %hereon, t he
conput er - r eadabf m?ﬁ:Pgﬁ% [CEHOMPRHER CORREL " E@“@H@“HWSHBFg’E?ocessing

units in ae%e@fé@@§bﬂcgorsmta@mh@bro@es@ﬁgmuﬁg Bﬁls@tfét:@fﬁbutﬁ@@@erﬁhﬁ conputi ng
systemto: determ ne whether a nunber of ro ivot table exceeds a

lower limt; 25use ad%lfi?leﬁt%“%fﬂsr‘éé‘cfplteédséﬁﬁ‘ﬁé%bé?tléwé‘ Pfhi‘rhl&b’ of Blgehst bl ock when

the number of rows I&emﬁlp@émeéksfoapllg%fé&ﬁsoMm@dﬁ@ﬁamtlh@hém&@ limt, the
final result block containing each of the rows in the pivot table, the r ows

in the final re¥htreinghornbsestibe Pedpwrting thicedsrigeftual 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
in the spreadsheet table, each of the merge threads being a thread that merges two
20 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
version of the spreadsheet table being ordered according to an order of the data
25 items in the final result block.
11. The computing system of claim 10, wherein the computer-readable instructions,
when executed by one or more of the processing units, cause the computing system to
determine an appropriate number of blocks based on a minimum job size and the number
of processing units in the processing system;
30 wherein the number of the blocks in the plurality of blocks is equal to the
appropriate number of blocks,
wherein the number of data items in each of the blocks is approximately equal.
12. The computing system of claim 10, wherein the computer-readable instructions,

when executed by one or more of the processing units, cause the computing system to:
30



performthe foll ow ng actions when the nunber of rows in the pivot table
exceeds the lower limt: 30determ ne an appropriate nunber of bl ocks based
on the nuwben11af36930Wws in the pivot table and the nunber Pofi/ysc@ae®sBs®fhg units
in the processing system divide the rows in the pivot table into a
plurality of blocks, wherein the nunber of blocks in the plurality of

bl ocks is equal to the appropriate nunber of bl ocks, wherein the nunber of

rows in each of gdiligiRl WikkiRr R nARBEQFIRREBMY ilifd §readket table exdds® a8 Pl urality
of block sorting threads to sort the blocks such that the rows in the

bl ocks ar e lpyyaspent gndor der ed; generate a thread tree, the thread tree
compri sing a Pl Al biote Bleod B/ S5 h0URATSI 3ASROAN AN AP RIEGkS O each

l eaf thread int thread tree, and wake each nerge thread in the set of
mer ge t hr edde spreadsheciviabledipes noaetecedthe lower bagd. i n t he thread tree generates

a resul g bggpk %ﬂ@&géﬁﬂﬁﬁgﬂénﬁﬁ%ﬂpﬁﬁ%the rows in the bl ocks assigned to the
, I ul't o

| eaf threa thero n"t'he res | ock generated by the |leaf thread

bei ng properly whdemneht mdr@uthesads mclude im normplet erternir ér¢adrwltch theadinibar t he

thread tree generahes, a Qggyﬁg?gLogﬁ,that contains each of the rows in the
chi

result blogﬁs géﬁ%ra#@ﬁﬂb YHreads of the conplete interior thread,

the rows in thewhasiulthc donpoter-gaieansecuchynst Wweercowqltal 8 anatoe moay oftther ead
bei ng properly ordered: wherein the.final .resul | ock is the
Pesult "bi orebsenTindimy sesbe cym iR orit ARetl s RS el b the
root thweadhcomprtdihtegadhka¥iang no parent threads in the thread tree; and

di splay a sorted vers%ﬁn of the s he sorted

readsheet table, data itens in
version of the ¥BFEiAd E‘é‘}mﬂl%{f)}néer]ro%ﬁﬁﬁdéfi‘&?é?tﬁscﬁ %@H’d’ﬂ%ﬁ BLEEMERs Gler of the
data itens ofheldhi@ itbindal a feQBUHI6ckiteREH ted 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, the child thread

15  being another one of the merge threads.

14. The computing system of claim 10, wherein the merge threads 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 other
ones of the merge threads.

20 15, A computer-readable data storage medium having computer-readable instructions
stored thereon, the computer-readable instructions, when executed by one or more
processing units in a processing system of a computing system, cause the computing
system to:

determine whether a number of rows in a pivot table exceeds a lower limit;

25 use a single thread to generate a final result block when the number of rows in the
pivot table does not exceed the lower limit, the final result block containing each of the
rows in the pivot table, the rows in the final result block being properly ordered;

perform the following actions when the number of rows in the pivot table exceeds
the lower limit:

30 determine an appropriate number of blocks based on the number of rows in

the pivot table and the number of processing units in the processing system,
divide the rows in the pivot table into a plurality of blocks, wherein the
number of blocks in the plurality of blocks is equal to the appropriate number of

blocks, wherein the number of rows in each of the blocks is approximately equal,;
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use a plurality of block sorting threads to sort the blocks such that the rows
in the blocks are properly ordered;

generate a thread tree, the thread tree comprising a plurality of merge
threads;

5 assign two of the blocks to each leaf thread in the thread tree; and

wake each merge thread in the set of merge threads,

wherein each leaf thread in the thread tree generates a result block that
contains each of the rows in the blocks assigned to the leaf thread, the rows in the
result block generated by the leaf thread being properly ordered,

10 wherein each complete interior thread in the thread tree generates a result
block that contains each of the rows in the result blocks generated by child threads
of the complete interior thread, the rows in the result block generated by the
complete interior thread being properly ordered;

wherein the final result block is the result block generated by a root thread

15 in the thread tree, wherein the root thread is a thread having no parent threads in
the thread tree; and
display 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.
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