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SUMMARY

[0003] A computing system performs a column adjustment process. The column
adjustment process uses multiple threads to determine overall maximum column widths
for columns in a spreadsheet table. For each of the columns, the overall maximum column
width for the column is based on the width of the widest textual representation of any
value in any cell in the column. The computing system then reflows the spreadsheet table
such that the columns have widths based on the overall maximum column widths for the
columns.

[0004] Similarly, a computing system performs a row adjustment process. The row
adjustment process uses multiple threads to determine overall maximum row heights for
rows in a spreadsheet table. The overall maximum row height for a row is based on the
height of the highest textual representation of any value in any cell in the row. The
computing system then reflows the spreadsheet table such that the rows have heights based

on the overall maximum row heights for the rows.
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[ 0005] This sunmary is provided to introduce a selection of concepts. These
concepts are further described belowin the Detail ed Description. This
sumary iwonotl/i3gpi2ended to identify key features or essenmitskomfieatsos es of
t he cl ai ned subject matter, nor is this sunmary intended as an aid in
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[0006] Figure 1 is a block diagram illustrating an example computing system.

[0007] Figure 2 is a block diagram illustrating an example alternate embodiment of

the computing system.

[0008] Figure 3 is a flowchart illustrating an example operation of the spreadsheet

application to adjust column widths.

[0009] Figure 4 is a flowchart illustrating an example operation of a width evaluation

thread.

[0010] Figure 5 is a block diagram illustrating an example computing device.
DETAILED DESCRIPTION

[0011] 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
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,
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 arca network.

[0012] As illustrated in the example of Figure 1, the computing system 100 comprises
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.

[0013] The data storage system 102 is a system comprising one or more computer-
readable data storage media. A computer-readable data storage medium is a physical

device or article of manufacture that is capable of storing data in a volatile or non-volatile
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[0011]Figure 1 is a block diagramillustrating an exanple conputing system
100. The conputing system 100 is a system conprising one or nore conputing
devi ces. WO 20He39328rei n, a conputi ng device is a physi caCT/usangiobises devi ce
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100 conprises various types of conputing devices. For exanple, the
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application 108 are stored on only one of the conputer-readable data

st orage rdedy-dour, 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
instructions in parallel with one another.
[0016] The display system 106 is a system used by the processing system 104 to
display information to a user. In various embodiments, the display system 106 displays

information to a user in various ways. For example, in some embodiments, the display

system 106 comprises a graphics interface and a monitor.



[ 0015] The processing system 104 is a systemconprising a plurality of
processing units 110A through 110N (collectively, "the processing units
110"). | rwoaniiowsss2enbodi nents, the processing system 102CTAIspe1ilH82s0&y ar i ous
nunbers of processing units. For exanple, the processing system 104 can
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the spreadsheet application 108 reflows the spreadsheet table, the spreadsheet application

108 causes the display system 106 to display the reflowed spreadsheet table.
[0020] The target columns are columns in the spreadsheet table on which the
spreadsheet application 108 performs the column adjustment process. The set of target

columns includes at least one column in the spreadsheet table. That is, the set of target
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[ 0020] The target columms are columms in the spreadsheet table on which the
spreadsheet application 108 perforns the colum adjustnent process. The set
of targetwoabum3iss28ncl udes at | east one colum in the spceasstess2svabl e.
That is, the set of target 4 colums can include a single colum in the

spreadshee tabl e or can incjJude nultiple col the s dsheet table.
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the user of the spreadsheet application 108 can select the colums in the

set of t anogennsccﬂnwm@de laH odtthecolmomdsn thmeprs@mbemeaidet Faptpbingae.i mrson%
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buf f er. Ihdu&u&ﬂemnewhnﬁnsﬂﬁwspaeemnmﬂbewthﬁau&nde of the values in cells

t hat provi vi sy a n bet en v es in cell | acent co | umms.
The but ¢ db0Z a8yt GaboRuss. Heouidih of fratiiiut cebheoriEhbEREReh t he
header s Qﬁm&ﬂﬁnﬁ%bHﬁHﬁxm&MPthEQtE&hnﬁlﬁﬂ%ﬁﬁéué ?ydeFoJ%&mﬁﬁﬁnﬁﬁanw
autofilter dropdown buttons. The w dth of the buf is typically smal
(e.qg., | @@qdhmnm,lthewpdtheif@ @ﬂurentmequaé |t<z§)e 0\[@@(11221]aﬂmelm ebluowi ngtleiempl e
illustrat gs apn eff t he col umm ocess. In,this exa a
col .+ i%g 1A eatspBet CPRTIEAT BebtimpLe BUBRER; pofhid B iBrE o ne
first celdla;@@lnmaemheoﬁmhtfaathel ®hbdn plumlll@wvmﬂefauahﬁfexsepmmmlcbn@ﬁ@ésal ns
text that is 63 pixels wide, and the third cell contains text that is 34
pi xel s wisgaces o cthprssidaceinthe salugnia cells m@ﬁpﬁoyldemlmahwpyraeen PPivees vajugein The
colum a Adj he
wath of EHE LGl RERETE T b U0 Iniae’ e f B BiERG MBS

resul t ofelgrerioinitieghéaderscof thencohgmkst 1$aclh cpﬁtm:leﬂSInelﬁs usatde dor seanplbe
conpl ete val ye in the \??econd cell, [0023] The exanple in the previou

par agr apHURSEF AB@doyn Pelgnssi i width pbihg byl 1sdwnrally sl (6 -yess g

singl e cghggpo JQ ke cells. In many circunstances, real spreadsheet
u

tabl es can 1 nc ousands of rows, thousands of colunns, and mllions of
cells. As[0022r]esuITh,e fsﬁqwmgtaxainlp!ﬁ iBvsthaiest ameffachef thedIOhJH_llf adjhginteexprocesseach
Ce)I/ alt E:t IC tﬁlﬁfeggl&g flﬁ‘g and {hg%ﬁfjelraé%leletntta lresllnc\:llﬁdeth%re%Séeﬂg. ?ultﬁ1ls gxamp edt h

the first cell contains text that is 54 pixels wide, the second cell contains text that is 63
pixels wide, and the third cell contains text that is 34 pixels wide. In this example, the
column is initially 50 pixels wide. The column adjustment process adjusts the width of the
column such that the width of the column is 63 pixels wide, plus the buffer width. Hence,
as a result of performing the column adjustment process, a user can see the complete value
in the second cell.

[0023] The example in the previous paragraph describes a very simple spreadsheet
table that only includes a single column with three cells. In many circumstances, real
spreadsheet tables can include thousands of rows, thousands of columns, and millions of
cells. As a result, sequentially evaluating the width of the text in each of the cells can be

time and resource intensive. By using multiple width evaluation threads, the time required
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to performthe col umm adjustnent process on a | arge spreadsheet table can
be decreased proportional to the nunber of width eval uation threads.
100241Al twoughy/misee8 of the docunent di scusses adj usti ngPcolusanunszsohs and
evaluating wdths of text in cells, a row adjustnent process can operate in
a simlar way.to the described col um adjustnment process. The description
"n this dBAGHERT thescofgmpiadisiraent Pregees P g@ﬁ&@feﬁﬁﬂ]@e Fbleess reased
diSCUSSiQﬂoﬂﬁﬁ&ﬁh%ﬂﬂénhﬁﬁé#@@&ﬂﬁﬁ%@ﬁhﬁ@ﬁﬂﬁ%ﬁﬁUSSi0“ of rows and di scussion
of wdths is substituted for discussion of heights. The spreadsheet

appl i cat il0M24108 usldmughempsiwofidhaistorementpdisceses adjustefd enaluans pridtd stnset
tabl e such that ea row i.n the spreadsheet table has a hei ght.based on an
overal i BB gl e RN PRSI IO S GepTE M OUBE o

mul ti pl e theuedrtibey dlumhi RustiiéR descetd URd 8&ttipEord MethRVE@Scambn 8 XabplEbIOW

hei ghts for each row in the spreadsheet table. The overall maxi hum row
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[ 0025] Fi [ 0 ' i t '
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and t he processlnagfysten1104 like in the exanple enbodinent illustrated
in Fi gur €agh rew iR ihsr SPreadshioet tablrehas,anhgield Raserban e v crafl matimgmetpw Acighigur e

1, the exgpp) t %ﬁ?% I t %ﬁﬂ@% i \ . i) lustrated
in Figure 2,€ﬁg§kae£@$&§¥k ngggﬁg%88%86ﬂ?%ste Eéﬁg¥§é§'?§%ﬁg3m§§%%§%1106.
[ 0026] Thedeteetmwer the iovtatlf mopenm200renabighs foheadhompuin thg spreatdretl@dlet dl'lswend
and receive data froma clienf device éOﬁ.vﬁa nﬁt rk 204. Theunetmork
204 i s a CEHMMPGETOHSY Retelbiok 2aaipr s RyERcHIDE PiotiderdaentaliF igs. ¢ hat
facilitatgycomunication anong the conputing system 100 and the client

devi ce 202. In various enbodi nents, the network 204 includes various types
of conputlPBPldeviligee Fra bloakdiagram hidustreting pix c2anpleaticinatd endbodimanierls,

SW tChes’therr%QIInlpleltiI?gC%}?s%esm %IO!“ Rs iﬁ{lsltl%ge Pin Hl%besx’ample of Figure 2, the computing

system 100 comprises the data storage system 102 and the processing system 104, like in
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.

[0026] The network interface 200 enables the computing system 100 to send and
receive data from a client device 202 via a network 204. The network 204 is a
communications network comprising computing devices and links that facilitate
communication among the computing system 100 and the client device 202. In various
embodiments, the network 204 includes various types of computing devices. For example,
the network 204 can include routers, switches, mobile access points, bridges, hubs,
intrusion detection devices, storage devices, standalone server devices, blade server
devices, sensors, desktop computers, firewall devices, laptop computers, handheld
computers, mobile telephones, and other types of computing devices. In various
embodiments, the network 204 includes various types of links. For example, the network
204 can include wired and/or wircless links. Furthermore, in various embodiments, the
network 204 is implemented at various scales. For example, the network 204 can be
implemented as one or more local area networks (LANSs), metropolitan area networks,

subnets, wide area networks (such as the Internet), or can be implemented at another scale.
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I ntrusion detection devices, storage devices, standal one server devi ces,

bl ade server devices, sensors, desktop conputers, firewall devices, |aptop
conput er swohandiiei2d conput ers, nobil e tel ephones, and ofrheEmSkyp»32806
conputing devices. In various enbodi nents, the network 204 includes various

types of links. FEqQr exanpl e, e. networ k. 204 can j ncl ude, wi red. and/ or
W rel ess lpbﬂﬁs. Fﬂwﬁ@iﬂ gyce #@ Pt FOBRBSHISNISTe lios SxpmBlentie iRt /yAcs s

i npl ementgd @t peas b&'déna? %@Jn?ﬁter G Ey)(ﬁrﬂéé@’ Thd 8sddelvOrk 2R &8RP 1o
i npl emented as one or nore [ocal area networks (LANs), netropolitan area

net wor ks,sesdibwpesss tovilgeccampeiting ety siomk )0( andciiecese titte ftam dhaneaputiog systambe
e et ol 8 RORHIE 50 R O RRSEET R RRL SRR e

manipulate tabular data using the spreadsheet application 108. For example, the computing
system 100 can send data to the client device 202 via the network 204. In this example,
the client device 202 is configured to process the data received from the spreadsheet
application 108 for presentation to a user of the client device 202. For instance, the client
device 202 can render a web page containing a spreadsheet table or interact with a client
application to display a spreadsheet table.

[0028] Figure 3 is a flowchart illustrating an example operation 300 of the
spreadsheet application 108 to adjust column widths. The spreadsheet application 108 can
start the operation 300 in response to a variety of events. For example, in some
embodiments, data in a spreadsheet table is derived from data in one or more external data
sources. The external data sources can be relational databases, other spreadsheet tables,
log files, XML files, directories, and/or other types of data sources. In this example, the
spreadsheet application 108 starts the operation 300 when values in cells of the
spreadsheet table are refreshed from the one or more external data sources. In another
example, the spreadsheet table is a pivot table. The data in the pivot table is derived from
one or more other spreadsheet tables. In this example, the spreadsheet application 108
starts the operation 300 when values in cells in the pivot table are refreshed from the one
or more other spreadsheet tables. In yet another example, the spreadsheet application 108
starts the operation 300 when a user of the spreadsheet application 108 enters one or more
values into cells of the spreadsheet table. In yet another example, the spreadsheet
application 108 starts the operation 300 in response to receiving instructions from a user of
the spreadsheet application 108 to perform the column adjustment process. In yet another
example, the spreadsheet application 108 starts the operation 300 when a user of the
spreadsheet application 108 reformats data in the spreadsheet table.

[0029] After starting, the spreadsheet application 108 determines whether the total
number of cells in a set of target columns exceeds a lower limit (302). The set of target
columns includes at least one of the columns of a spreadsheet table. In various
embodiments, the set of target columns is determined in various ways. For example, in
some embodiments, the spreadsheet application 108 receives column selection input from

a user. The column selection input indicates the target columns. In another example, the
7



202 can be a personal computer used by a user. The user uses the client
device 202 to send requests to the conputing system 100 and receive data
from t he worpurispgp8syst em 100 via the network 204. |n tRCS/US291,1/081866 user
can use the client device 202 to view and mani pul ate tabul ar data using the
spr eadsheet | ication 108. For exanple, the conputing system 100 n send
data to tSﬁ&ag cehtPPdst el Bopiematiq U5t o n SaTuTR 1 Hicssp shsebiabine
client deyige s208r iated WohngY eth {Q MAEEIRahBR, dafed hEGRINKES LM iR
spreadsheet application 108 for presentation to a user of the client device
202. For sprestishecefabtecharecielreshed devn e Q@dngadntz eodee, the webohtgeetcwhtnaini ng a

spreadsheet table or, interact . with a.clign lication to display a

spr eadsheef"N '3 tg‘.e ¢ Wéf%’i%’lﬁ‘f% C(?Iﬂf ylt_g‘ f?&&iﬁéﬁ%fw% lustrating an exanpl e
oper ati onodf] of mherishs emdsMarhtsabR! ippaddsitnRt 4P8lidaRoRADYShesC PArIbIE 19 et hs.
The spreadsheet application 108 can start the operation 300 in response to

a vari et ylimpHs. eJFentexamplyy iexams| @nbodimeeipe thendover uwit 95 2846 xcllp dn other
spreadshe t i jved fr ta i r e€eX nal data
sour ces. beO d{é}%ngsr’ 5 2?69 g‘g‘?'eﬁ%&gsraggenlslge?a(%gbg Or%e]?%l[)s f %ggceclil g’teg%;s es, other

spr eadshgeo3t]jabl € thd @l friunésr oKkl inl 8 tarder @dti@né @ses @RdxosedothBaswéry pes
of data sources. In_ this exanple, the spreadsheet application 108 starts

t he oper dimibhNGHLAEN. Maspwadshaetappligation 10 ases dpgls madeh avaljation thacad
freshed,.f:5.om | | e,
refres eggég&m@ {ageb?\é%‘?alpha@(fo?mﬁ%wgt;ﬂgfo#ﬁ%ﬁ d;gﬁ{fﬁ&ﬁ?mﬁ R 3PLD&" e

the spre eet IS a prvot ta ta in the pivot fable is
derived f(BoM oflee singleowdtlotvrduatoprtbsdd héettifealhcesverdlh ntaki @hewanpdths fohe

spreadsheet, application 108 starts the operation 3 n values in cells
' the picsBR Ctlndn ety \iehed o iy cHEdaRes BF wﬁ&ﬁ@ﬁ%@%t gegnadhibe;

tables. life Vet 2BRMIRT I‘ﬁ"s%ﬁié'e?nbohﬂﬁerﬁ&rtﬁ@@i%?%%idﬁ?@&dl&ﬁbh‘?ﬁe&@% SlREds the
operation 300 when a user of the spreadsheel application 108 enters one or

nmor e val udsh¢ sproadsbédt sipplicatine 18R meddehimetthe apdratior 300/ eln ethot ¢rebodaxants] e,
t he spreagdsheet application 108 starts the.operation 300 in.response to
Foce vi ndy AGE R TRy Rat G BRe B £ Uirted AT ERRE MR BE L LR RPEARISE! £
perform td@gli@ﬁﬂoﬁmg@&wﬁﬁiﬂ‘gme derfRES00! N yet another exanple, the

spreadsheet application 108 starts the operation 300 when a user of the

spr eadshd@03Zppl i1 theitos] noBbererf sehminsthe sgtf targetroluprseagatds she loatsr Emit
[0029] Af tet et aF 5001 L DR AREAISNES oA RR LFALL AR 408 aterminas. gt
the total* nunber "of’celts Th a t o arget columms Exceeds A T ower J i mit

(302) . THetosetphahlityasy@brke ohiED6).ndh udeisuatenbedisicna) ehOiworbhanaolinghdge of a
spreadsheet, table, In various enbodi nents, the set of target colums is
det er ni ne@PHs PEMPFILIVAYS. [EsPmexamiadanenty wsheof dhg ddrhapts asidgdrom a

spr eadsh%@siﬁﬁ@%hﬁﬁhk?@zoﬁ@@ni& %Bﬁﬂ'a}{ﬁsth& ﬁi&@ﬁuﬁﬁé@&{ﬂo%. F3P st llgx?zlﬁer-

The colu selection input Indicates the target colums. [n anot

exanpl e, unlte, Ridesipomabls haretindgpplork amito panl OStan 26 fradwe.allh yuabsesbalimens, t he
columms ip the .spreadsheet table as the s of target colupps. In yet

anot her  dRaIFTUTRRRGR: BHG Cybs Ueen ST R G oF e Top PUdtRdLI R e
ref r eshed,hik @BMBAsRXM B0 R s, Bk @ aRABLCK orkl s $6htaBind 2I60RtvsGAl YTBSaR@SPr | Ses

the colums containing cells with refreshed values.” '
work unit containing 76 rows. In other embodiments, work units can contain rows that

number more or less than 256. For example, in some embodiments, each of the work units
contains 512 rows. Furthermore, in some embodiments, the spreadsheet application 108
presents a user interface that allows an administrative user to set the number of rows in the
work units.

[0033] In addition, the spreadsheet application 108 determines an appropriate number
of width evaluation threads (308). In various embodiments, the spreadsheet application
108 determines the appropriate number of width evaluation threads in various ways. For
example, in some embodiments, the spreadsheet application 108 determines the

appropriate number of width evaluation threads based on the number of work units and
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[ 0030] I n various enbodi nents, the spreadsheet application 108 uses vari ous
lower limts. For exanple, in sone enbodinents, the lower limt is 2056

cell s. | rwotzhawi3eszBodi nents, other lower linmts are use@®Cfaisgo1/03B3a8 cell s,
4112 cells, etc.). 100311If the total nunber of cells in the target col umms

does not .exceed the lower limt (''NO' of 302 t he spr heet appl.i.cation
108 uses t%i‘s%qe%ﬁémm gt t‘!\f RPSTSSEE  WHS {Th e 0¢Ss 1P%Ié}ﬁ%t?ltl>10§hgs"6\‘ﬂ§ g 1

col um wigiisr HekvBRGRItE AR B}ﬂf&ut“‘i‘s ﬁa%§ 112k 6raéq9§1t toCt‘Hl: WA ek §pﬂ1)0ces-gh%h
single width evaluation thread identifies the overal max col urm w dths

each col wmnisildOtihéhs ptocedsingasyyesm ¢o4, Lthﬂsprbydshat:tmﬂpat:atwg t(}ﬁiedmrdtmesothatt he
text in ch cell in the t colums. I.n.sone enbodi nents, the

w dth ovaraaroRa e & 3G 8 EBatE Tsnsd PR RuERERT RpI LA SHIEe

per f or m ngut ReuREr &iWmN IBHR. ndmb@tdTeRokMpadi dRifed byt Rfir §4 BedaterWhalt e

eval uation thread is a thread different than the thread of the spreadsheet

appl i cat iTembE08! pecesing tﬁgtStIHQ ip Heer profosping Gostemol®d 2thefsprdadshest afiplisditaver of

cells i nalg)lgede‘? Bllﬁ)efs ha §g ?{ Rﬁgoé)glg% Vtﬁ%cfilge? qswfdﬁleagﬁ&fffop thfgétﬁs sqﬁt Oh} 302),

the spre applica The'r'o “abl e
into a pldwhéer bﬂpt@ﬁes‘@mgkmuﬁlll1($1n(t39§1)oceds[hg\/@mleﬁuﬂ)4erTbOdI ments, the work
units |nclude vari ous nunbers of rows. sone enbodi nents, each of the

wor k uni tl18034s; dé\I?XﬁOWPéPH‘@é%heB’t 91391@%%&% Wikes 2 hirelitycfnwidth s valngiaane
nunber  of r work
it car SRS TP S DA/ RAANE B uAlh RS hkad, AR RLHIRTLF RRuh TRUINE, |
can cont ghraflewercqudlam 26 apmepriatorungbean eidthf ewahetispr thacidhebt vhablse

conpri ses rows, there are fo r wor k. units containing. 256 ro nd a
e nder ARG thg YAty 2PBIY oS, i P St 963, lo ke

can cont gifxaligVst Wi cvaHARE: IR, Pbr é}@d%?plé ha @or%@ @mbg&hleﬁfﬁafﬂélsﬁreahﬂleétone
enbodi nents, éach of the work units contains 512 rows. rthermore, in some

enbodlneﬁmshaﬁwe Hﬁreadsme@ﬁ]am@kﬁc&mpwm‘mﬂadpﬁhﬁewtgvahﬂéEMJﬁdtenﬁdﬁe t hat

"0 1 o RO, Ik YE e et 1 sl BRP B hoh VS pisrfafn i ¢S

appropri goel nembREpiak mraatdb Qﬂabtﬂéttle@[boﬁﬁﬁ@ﬁﬁsth(e3@§r)aads|h8etvapplwdﬁon 108
enbodi ments, the spreadsheet ag&dlcatlon 108 determ nes the approprlate
nunber ofinyitakeseanl walfq oo tthiicedial #G4 a5 dhe oudthveyphiatimy thresdsnpie, expmpkone

embodi meng 8., NG ALEAURNGE Ly ARRLLGA I hO8 BN SN [BEARRIARL At ©

nunber eva ti"on threads he nu s and 8
[0035] After Wakmg the width evaluation threads, the spreadsheet application 108

waits to receive local max columns widths from the width evaluation threads (312). In
some embodiments, the spreadsheet application 108 can perform other actions while the
spreadsheet application 108 is waiting to receive local max column widths from the width
evaluation threads.

[0036] Subsequently, the spreadsheet application 108 receives local max column
widths of the target columns from the width evaluation threads (314). The local max
column widths are the widths of the widest text in cells of the target columns as
determined by the width evaluation threads. The spreadsheet application 108 receives a
local max column width of each column from each of the width evaluation threads. For
example, if the spreadsheet table has three columns and there are two width evaluation
threads, the spreadsheet application 108 receives three local max column widths from the
first width evaluation thread and three local max column widths from the second width
evaluation thread. Because the first width evaluation thread and the second width

evaluation thread evaluate different rows in the spreadsheet table, the first width



based on a nunmber of processing units in the processing system 104. For
instance, if the nunber of work units divided by four is I ess than or equal
to the nuwbentiaf3ofzBocessing units 110 in the processi ngPsy4atSeon He28)6 t he
spreadsheet application 108 determ nes that the appropriate nunber of w dth

eval uation threads is t nunber of work un| i vided by. fou unded
down. | f PARaHeIhHER tncﬂﬁwksemﬂdtvglc@t grafey! ?@3 Caflsfetyrré&tfﬁ%rerttﬂa

nunber of AR REEhNGr W Lishekbfinhd t he processing system 104, the
spreadsheet application 108 deternmines that the appropriate nunber of wdth

eval uat i dA03Hr eadEhei spreaglaladet tapplidagion u®Behemusgr e dosil mgaxupdlugm1wdithsntat he
processin te 104...100341 dshee tion, 108 kes a
Dl U oty TR cRal bR EhrendlR BEBF RRCABER BT b de Sodfuat on
threads ifer tR@ dBlusirin thy s@fofwirgéthofind sy Bel sproatiHeBedbplit &ioROWB! idériflch €he
appropriate nunber of width evaluation threads. In various enbodi nents, the

spr eads heveradpplakigem aelunes et frnthe ealinoudyatdenoiying o lagcst @Ihtahep agelal i ty

of w dth Iﬁ%l)gtnldﬂ‘ﬁt éoqq%‘nh Wﬁf%gz(’)r tﬁgrc %ﬁlﬁpﬂ'oef ‘examplc Ofﬁ}lgrg%?%tv&? ﬁ’?‘ﬁ‘% §e ﬁ%‘u N ore

spreadshee ica mal ntai n$ ‘a pool “of s

avai | abl ehtcadegid the wprdtdshemabphdation 108 medes allocal Rias cemﬁptveith bhéfty for
spreadsheet application 108 wakes threads in this pool of slee threads.
In ot her aeq%lamlﬁfeﬁt Qe wideh egtustign Huerd Wt%ﬁﬁsladﬁcaieexl GO begﬂéwd wake
new thre Rfihn B9 B AfbAEWRURLVALLA HREATHR RcARE Al ON
perforne eva uatlon threads 1s 1 Iust ate regard to

Fi gure 4(hkﬁﬁmﬁ$tmthHoww&]wgwmhehmmdwhhbﬁahhamﬂmmnuhmeads the spr eadsheet

applicati ts. to ceive | oca colu dt hs fro the width
conl vt OROIr cadohyrsdestit gt et @i om BOHIS, VIR ©bbn Bert GO Hsat  on
108 can R@R%Hﬂﬁk@&ﬂﬁ%aﬁﬂﬁIOQW%ﬂ&QEh%s%ﬁ%d&ﬂkﬁéﬁ&ﬁ%@ﬁﬂﬁPQ&%Qﬁ%hﬁ@nﬁ@@sb§
waiting to receive local max colum widths fromthe wi dth eval uation

t hr eads. CﬁO@@S]Subequeﬁwauhhhe%@pmeddshemﬂlap@Ie%@nnowdﬁnﬁwneeeomgm,Ioca
(3 TRV oy s el SRR st e e pai
cell's of thételstaatrygmb spRlabgiest asldaicarhhnesdhishihe ottt Bprexdhed@tthele Hab raeads
The spreadsheet application 108 receives a | ocal max colum w dth of each
col um f rogthebaspd on thheverply nexcpkinmatidh fohtheherlumporn ereayyl enbediments,
spreadsh a S h v

threads, e[ﬁétes&e%mrisglg% %@lpatg%pﬁla%ﬁ ocaﬂ%géﬁ Egag’tl@cgé‘g %\Qelggrﬂoca Cﬁé LII%; It]f)urm
wi dt hs f rremntvete spicidsheotd tdble i@vedrivat ivatyst hF@ackaaipde, tinr @end emabdmmtspﬁiwnn

w dths fromthe second. w dth eval uation thread Because the first width

eval uat i o@ﬁrqaﬁtleaba atiqpel (Seragrianduiaie o ét?aﬂ 58t doyire: Hi2e akheesfigntdgvacedi 0% er ent
rows int S I r alila, t a t he
second mfgt %ﬁa??gﬁﬂﬁ é@%’%ﬂﬁwéﬁt Jﬁk?éggﬁtl o%gﬂﬂﬁagﬁgﬁﬁunﬂghndths
for the sanmddmbuamﬂwpmmﬁTpghamsmremﬁshmbomappw;u&tﬂmanMSymhﬁﬂnuHh$uthe

| ocal max c ﬁ?]%ﬁ termine the overall w dest colum w dths for

t he targé¥ i <b§%6?“mﬁ 6t "B words, for each colum in the set of

target cqbppsms, ur§p4 Qé(ish@@Eha@Pﬁlldsﬁﬁﬁ fanl&%ntpfteafaértﬁeﬁ 4t)beofoy%athl

ﬁBXIﬁUﬁICO|UHﬂ mnd for the columm by identif ylnqla argest of the | ocal
{

maxi mim cﬁdahmhowlmmls Tlor opdietianod Whbegimowheaxdeplidih ¢valyation éhrgad is woken dt h

I h d h 108 I
Corum w B B PRy paspca B R o RGBT WA T Ll ™

receives the bv&ﬁalevmmlcﬁﬁhwm the dprbaddhediapiication 108 eraadddamefetiat thgeasot her
wi dt h eval uati on thread, t he spreadsheet application 108 determ nes that
the over &ifltargporedemesornghiiewogh of ek ume. dbRovidth ayaliasien threasbae) perioen a

i dentifyi I ar
spreadsheg' §€ |ca1ﬁohh%g§hrg#? %@ﬁ%ﬂ@,&%%, gk% tgﬁ$é§§u Ep%ﬁé%ggéch
col umm i renitheirsatts, afie vadthyetalocalcnnthscatl amnahzm dtsht dfaasdcdomihveldths e Tk lsethmax

colum wi dth for the colu 318). In other rds, the spreadsheet
B b 7

appl i cat i ﬁn%eo Iy awd iacpx Galypn; widdp fogcach solpwe i9itap pefyrliprget
SpreadshQ%hu&ﬁPhﬁnéHﬁQmE@@fﬂ@@&ﬁx%ﬁhMﬁWuﬁﬁs&Q usiRG sagdsheet table has a

w dt h based on the overall max colum wd r that colum. In various
enbodi nen0840]t he &Ifwreadsmgehe agupzltdshmtlapphcfamen déR coaser ddvecegraapdxic ¢H14)user

terf to di th fl d t.abl
exanpl 6. HoubhabRRbo Tt e e e SF EESHEet R oty b B ettt o

to the client device 202. The client dé@ice 202 is configured to display
the refl owed spreadsheet table. In another exanple, the spreadsheet
application 108 can, in sonme enbodi nents, use the display system 106 to
di splay the refl owed spreadsheet table.



[0039]Figure 4 is a flowhart illustrating an exanpl e operation 400 of a

w dt h eval uation thread. The operation 400 begins when the wi dth eval uation
t hread i swoackemi3iiest he spreadsheet application 108 (402pPCTMise01102806
spreadsheet application 108 wakes the wi dth eval uation thread, the

spr eadsheet aﬁglication 108 pravhdes a reference to th@ set of tar

col utms PR &2 SFEF S PiBTk AFYISS CORfRXt RORARS UL SATIIH IS h Faher ﬁer form
a vari et yjQfce2ehicRNSan¥ehik Q&ﬂmtést !ﬁaﬁy@uf@fal REAMR R WRKGSndok0a RXAAP! €,

in sone enbodi nents, the wdth evaluation thread initializes a set of nax
col urm wifdnirsze fohtheseindod, msext of themwindait,asdispohudes a max col urm wi dth for

o it ne 1 084t g 0BT ARy T asiyMbes O fpu e et o BR on

108 creatwsrkaind€ He peoNdExdrk (hAé 4065 Aevbkaineanhe%{ailablcdvSRtRItSIRIAGIUT €
used to define attributes of text and |nagws that are 10 output to a

screen orVigti enadiation thyesd secueisatle gelcelatngihssmadmugueclymn pyigis @6 thergprk
| t f t
Font 1 or BHEREAGGRN Lo S RATHA Bieflobf SRUbERAUNEhaSRRGS YR BlRS,

wi ndow, aifdhs wotkunil @0Hdgl ihberoveait dolenia hiiatingnt puicead Thharogedmbadimests,
whet her there are any available work unjts in the pool of work units (406)

A wor k urthe widthgyalagton Hppad debsrings; Wh%h"éﬁh% A a‘t’%laélﬁa‘i"%ftll%ﬁﬁ B YRR | s
currentl I i

wi dt h eval atﬁgk%%ﬁ%g dnﬁggﬁﬁfgyp%%gkggp% ﬂ%hthe ﬁ%fﬁﬁﬁﬁpgo %%ﬁﬂhnd hs
of the wuhklnnmunddﬁmngmhh&aﬁhg&@n&qnmﬂm@noadﬂuabdemntpAmﬂmgnmnﬁmnmmng ous

enbodi ments, the wi dth eval uation ernl et her the are

oot | abi dobPRUGHI Sorn TS suttahe VRS MBS MANCHHE s A IaHES, « he
spreads hea%tlﬁpl%!ue%l‘l&lnth%%rt@&ﬂd}t@bﬂksmﬂt @Laﬁé’t éh'ﬂh!l%url‘ﬁ ddder GRALBINA flag
corresponding to each work unit. flag corresponding to a particul ar work
uni t has spreadshekugpphibatront H gtamtaiasm stackwatdstisiure centamaig rafsirencantd wodt her
val ue when. th articular work unit not avail abl e oth rex

he " spr odtiods BaeE dafisshOlt! Sinsr Jp88 b Bt S R IR MR rBORRE: i ng
referencegork@n@rk units. If the stack data structure is enpty, there are
no available work units in the pool of work units. [0042]1f there are one
or nore rl8Ini ndf Wk a@muov@ of "TYES TeBRINAE WoTle Wit Y RS e whI404ti Be Widtead
selects 0 i i 408) .
Each of fﬁgh&ﬂﬁi %%@% P%%%{Lrea Egggg ?%P%% &Mgﬁﬁﬁgl 5M@é 1Hﬂkgﬁ} st ment
process s&icﬁcdfsthﬁowldﬂumvhlslaﬁqsmmhrbm pateippoy uofthea\tajuhﬁ]bh@uwmeht lp‘r"bcb& For

exanple, a wdth evaluation thread "A" an dt h eval uation thread "B"
are parti€lepatVorg vHist Femche same el of %ﬁ?abger Yous ¥nikhd Fonsxprle, arwidth

avai | abl &, %ﬁorﬁfﬂréeﬁl *lgeeva?%vlmr&al{ﬁh&é dhrétd “B’Ygre Iﬂaﬁ'g W}aaétnﬁ 1lnr{h% RbRymn

exanple bot uati on threa eval uati on
thread ' Edjlsﬁh@rttprwsa dmlbhepwdrdf auzulafob Workmnaromdudel evoro nkatsU U Y, Xadd 'Y, "

and "Z." [.004 \When t t uat n t hrea Q|€Ct one of the

avai | abl e EJ i F%am o‘p?‘n thfeégdal h‘@ldgéle@%htl%t&’%r k
uni t suchpichatpn @él@ct%fvaﬂam)?e @Bﬂ@lmﬁéﬂfﬂﬁrharﬁb!@é ﬂh@tv!'d?ﬁ' uﬁﬂw eadsycaggoed ect the
work unit selected by the width evaluation thread. In various enbodi ments,

t he wi dt HO@4dHI uatWhen thereideh ewlletios tbmafévdcqtabneeofv\melavalrhabtle marlyariiso e ways.
For examl . vaI on thr elec one

o ¢ psamnbidm huegR, AHRR MRS skl Mtk Tl Bel hdi b MR Bk St <

the wi dt levenalisiattireqstdah eardcs ek @hescdéctddBy avaividbleealumtidn thiddds kased
on an order assigned to the work units. In yet other_ enbodi nents, the wdth

eval uat i OfTiPRy eaBodiea!s ghe @@dth@w@ﬂ@tm@h@rafi salegtﬁ a8 RV lble werkywitjp g arious
the ref orgnte obenaiiy R PHE PR It MR ey HE Moot Bk PREGERI 1 © Y
unit. available work units on a pseudorandom basis. In other embodiments, the width
evaluation thread selects one of the available work units based on an order assigned to the
work units. In yet other embodiments, the width evaluation thread pops a top reference off
a stack data structure containing references to available work units. The work unit

referred to by the reference popped off the stack data structure is the selected work unit.
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11 WD 2011/ 139528PCT/ US2011/ 032806 100441The wi dth eval uati on thread then
determ nes whether there are any remaining colums in the set of target

col ums (WOQ@p11/13ms28ar i ous enbodi nents, the w dt h eval uaPconstommazsos
determ nes whether there are any remaining colums in the set of target

col ums i rio r ex sonme e nts, the width
evaluatldﬁ0¥ﬁreagﬁ§ éwhf%§=gw§?§§wfﬁgpéw g&@q@ R ACgY 4 Eence
to each qfih® haho&k o@%ge!%mniﬁs iy qn%ﬁ@&s SR RUBERY GhY WEIth SvAIRAETPL Y,
the width evaluation thread determ nes that there are remaining colums in
the set chrerdidgietminet whetber thercorhenry ensadngresitsins iththewedelHageatalamnom
thread maintains a data st ucture co ining,.fla spondi t o each of
et ar gorea tave. P Sriiehas e SR mee R SRR AT Aot Lat ed
and anot hegtadkaddie st“ﬁ&lﬁketd@ﬁtaﬁﬁﬂl%iﬁmef@@ﬁcé’lﬂ)t cARB T tIRVAkdbatemniner ekl fack

eval uation thread uses these flags to determ ne whet her colums are
remai ni ngiafaocmgc_ftwe ihapk camdy.ofe wrdthoelyasinni hireg defrumnes ithatt ercs ete of

taraet ool cXESnoh (40 SOG4 URuAHa! A LA0 hESAR AR SR Sugte ©f

the remainin e se ar e colunn vari ous
enbodi ne r&vsl,uatldnetmgdlt Ihalataaiswaﬂat@ @trﬁdmea@n&ﬁhﬁg: ﬂSgs)cftﬁ're@f)oﬁdl’@ foegmah oF 1g:

columms in various ways. For exanp in some enbodi nents, the width

eval uat i dﬁrgﬁh?@a@nbo&ﬂag hag @%ﬁ%lée Mle%l Hee seluapihag heen ﬁﬁﬁu%t% A 2898k dat a
struct Urevaidé% éxP{hfe'nc%‘ld nﬁQé“{lé’ﬂ ned e@algﬁ{?ﬁr Ewidth 4G h@ésgt‘ﬁleﬁ

col ums. er e I ments, the w uatlon t rea ects t

ri ght rmstﬂageltmdenemgnewlhanhmr milurtﬂmarseemmhmigarget colums. In yet ot her

enbodi maghé t he gngt h eval uation thread sel ects renmaining.colums on
anot her . [ JO4BTTHEC HPGcH BOH (R BRE UL {hike & Tr e Yher

there arq«qpy> ro? IZ@O)” 'tl{wwfc@ﬂl bealbdifh @F8disBletB®ns Ok @ é%a%ﬁh% eHluARd ih thd he
sel ected work unit (414). In various enbodiments, the wd eval uati on

t hread detepiiargss cmamhé‘ﬂll)hén arpes %mlgochmﬁrms rthngwdfél dveluphien thaeasl seih:ctshe
sel ected col g@ t.he SF ect.ed work n varLous és W? exan le, in
sone enbo&'ler?g %fe%%%ca UEVAIMEEP o Wa%r%%{a“ﬁﬁ}l’ & 47 S CPERTTHEEY Methe
row i ndexyidiitdvafla@isn ehré@VpdpR alrbRréet Cihe deloBbd collivh. froM @Rtack @atesethdture

eval uation thread sel ects the selected colum, the row index indicates a

row havi rtatanitigle sentemad suriseencr fo e alothe draet G@wRNLINITE OthPrnefthCBmé&téﬂpl e,

if the r h r ow
nunber O[HV '\)ﬁ&l@e ﬂ%’ngﬁ‘tﬂ%% 3‘%11?%{/ %QQ%tLpevaﬁqgﬁ% réﬁaedge(t:lgltf er %lénes
t hat t hercehames. ndnr giresthémgmeedingnish thdravidel ectleddionothueml s¢l&fd thmhinidger e

are one or nore rema}wnl ng cells that are in the selected colum and the
sel ect ed SREFRISUM F1OHWT R3St he wi dt h eval uation thread sel ects one of the

remai ni nqo644)! s tﬁf'%twfdga é&hlﬁa!ﬁ%n%ﬁﬂe&&ﬂf%ﬁ R s W iHeP ehe? e bR GG FeiRinkn g Nl t

(416). In various enbod nents,
cells that are in the selected column and in the selected work unit (414). In various

embodiments, the width evaluation thread determines whether there are any remaining
cells that are in the selected column and the selected work unit in various ways. For
example, in some embodiments, the width evaluation thread maintains a row index. The
row index indicates a row in the selected work unit. When the width evaluation thread
selects the selected column, the row index indicates a row having a lowest row number in
the selected work unit. In this example, if the row index indicates a row having a row
number above the highest row number in the selected work unit, the width evaluation
thread determines that there are no remaining cells in the selected column.

[0047] If there are one or more remaining cells that are in the selected column and the
selected work unit (414), the width evaluation thread selects one of the remaining cells
that is in the selected column and the selected work unit (416). In various embodiments,

the width evaluation thread selects one of the remaining cells in selected column and
12



the width evaluation thread selects one of the remaining cells in selected
colum and selected work unit in various ways. For exanple, in sone

enbodi mrerwe,20tihiBom8dt h eval uati on thread mai ntai ns a rowrCirn$exi1as2sdescri bed
above. In thls exanpl e, the width evaluation thread selects a cell in t he

row i ndi catT he row i ndex. The vvi dt h e al.uation %15; gad theg rerrents
the row i%ig&kd %/’ HIIAF R e Yaroup e¥gysnd’ Oﬂf'é‘a@@el i 30 CHPRTIBER Sy RS ot ‘Ehhread

cal cul at ee%aﬁaﬁ&{ {hréuddﬁlammﬁs ab@wsﬁd&%%s&%éd z(b{’g@@) In s \é%ﬂlﬁlb‘s‘[he width

enbodi nents, the wd eval uation thread cal cul ates a cel dth for the
sel ect ed aveluatiom tkmaal @ﬁkbcwagfs:ellFmr thex sowp | iedicatad slunéheem@\Mdmd@ntEhe tvhidthwi dt h
eval uati on kes a te ext ent met hod of a graphics application
programnei’@ltula{\ &‘f%?@é[ﬁf(%ﬁﬁemeyﬁé[he {WEWF%tt h eval uati on t hread invokes t he
text ext qoo48ret hoglfiertdRcMh gt @V adhdatil@neviaifaBasl tHEQVEARSatbhe cdIBwidth Mot he

sel ected cell and the device context created by the width eval uation thread

to the tehke sdsgtetheclhehlfddIn weous eribodinaeait, theewiisll cvaluationstbecadcalcplaipses of
t he devic e r eI I
The text EHrRRICHE e A OB Ratbll iy ® PO g ot PP SRR R
to the wiwlidth ewaludadn afrdalir @adked m $@Meﬁaﬂnoehndfrlﬁm f bhgrapkxt gppliemionnet hod
is part of the Graphics Device Interface or, GDI+ APl of the

M moswwr@grﬁmwwgque) (AgBbr Bthepghe yadth rﬁVal\‘M‘ilfPlbthtr??@ ingqkes dig st cHglthod i s
det erm n'tﬂ&h&heﬁhg\‘vﬁ&tﬂ Qi hh@n %&ﬁ%ﬁ%d@? e ek tlhg)%leﬁ[é Qllll aH&ttﬁ'éogele&Cks

t he device corntext such t no ot'’her process or w eval uation thread
can read contewt criceted @ytth@wdrﬁhleaeluamu thxdad tbfthatekt eftedtheethpdit Hhe wat aatenton

t hr eads wer rvin rovid e sane devi ce context t ext extent
ot g VRRod e et PR Sk AR o T e R i Ao i e S St
eval uati %@leEQH%@II’STh@te&t Bitsh ShaPrehles @1@‘6&1&@1 ST Xt in tﬂ-é)se'ié%@éﬂcc%llttg kiR
contention for the device context, each of the width eval uati on threads

creat es aviddpavalvatiogethicad. clonsang emﬂ?O@ﬂ@]ﬂN tler texbilesighinictiydt tsepaciebf thwi dt h

col 1 v atepdr: DRgcs et ULt frfePGPEL AT o s RBH BT € SEnBIE wi'ai
for the s%%ﬁg@yg@fhu MWhil4 20) texd Extéhin@Bbd isMddrhiniaf thd@idilogeietdicald 1S
greater than the local nax colum width for the selected colum ("YES' of

420), theelli therer et mpcsind llezrebsa@neuq@w@ eonicKesychdhat neagthelopigaess it dYidthf or

t he sel ec 2 Lo C for
t he sel ecthfci}l §§+ ﬁ%ﬁdl( ga%t%?la(} toggvrﬁée (f ({ héé)rﬁge (ﬁ%ﬂ {Eﬁ)&le %Cﬁms%
cel | is fibrchys wecahsng topeowvide tHe samldealtce omtt:hrtead: tumlsat@s nicied| mea»ldﬂﬁx

colum width for the selected colum such that the |local max col um. w dth
for the Soplatieytheads rﬂ‘Pl}i hagt o Wit X %t% § svaluptfony fgeads ¢yl sy urm

Wi dth fory,{ 'Zi?vu%@ L&sEad f&!ré{fﬁ@e Wi tcBht%ﬁtYoﬁfc}f%f dge E&%ﬁr 1 dch%fd&ll% Wiftfh the

selected cell 1s twenty pixels, the wd eval uation t does not update
t he | ocalevaixtiorothuends wicdteh a sepmtaﬁ&v’hbd_&ﬁﬁ@ﬂPCT/ US2011/ 032806 [ 0050] After

updatin | oca] . max . .col utm wi dth f he sel ect o] r after

ot or o IRInar AR SR S vadth (b FueERt b it e Sekedion

t he | ocalhfBx dehHiNes WhQﬁhE'r fhefcell hﬁdtﬁ%ﬁ&%%@le@t@h Wam i grdkr @bn 420bealtitg W dt h
eval uation thread again determ nes whether there are remaining cells that

are in telwel eddibdioc shaunslecied colunnhet285| ét‘:ﬂ@dCQAkadthrfpt theqgedgeted eclt krer e

are one or cel s that..a nth cte dthe
el ect od MBI i £ kel thefcor! Buh M R b piied SpBRVET i ST

420, and idgs bbﬁlﬁatﬁﬁleﬁhre’haZufyMate@ thegasal thex asi@hietidte e mengel@@éd cbmntnhe

sel ected col um. [0051] however, there are no remaining cells that are

in the sdfdd: dresums. lémf logaltprx enbyra padihvipr tae gelieted eplamngs iy pixefshe
wi dt h evaa!nﬁ%hé a4y W?Jtﬁ%? ﬂ?eg?él&t ée‘flﬂ@f?ﬁ\ig?@ﬁt ﬁh%%fdﬁ%&l@%ﬂﬁ%& GpR N9
the set o re

colums in get col umms there are on

r emai ni nghe ticainmsx basiumlnemslﬂt foothet atogetd aohimm&:h thatehavodhlnmey adluabivoidtht hr ead
repeats step 412 and possibly ste s 414, 416, 418, 420, nd 42 t egard
to anot hePr ﬁ@ﬁf%fqﬁgco Oty RiKESs &lovsy ety b Betlocad Mo urpws}%h% o o

are no r eRRLALRAIGH HRy Pk sdRt eal Wi’dtlﬁ‘%x‘%hé‘ @él&ctéd N is ¥ve ) Plxeld AR

width evaluation thread does not update the local max column width.

13



wi dt h eval uation thread again determ nes whether there are any renaining
work units (406). If there are one or nore remaining work units, the wdth
eval uat i omothrigggs28epeat s step 408 and possi bly steps 4POT/US2@,1/088B4¢ 416,
418, 420, and 422 with regard to another remai ning work unit. [0053]If

there are remaj pi ng work unjts ("NO' of 406),. the w dth eyal uatign
thread priBiitles the Glangrhe bRt apS {Peths ﬁ‘ﬁ%&@g 0B bR fiEat i on
108 _(424_)dete%fn1hﬁﬁg RAMhdicRg Widg kRc@k RRXeaAHMM Mﬂtcgrga‘-‘tett fhah e e 3elsheet
application 108, the wdth evaluation thread sleeps (426). [0054] Figure 5

is a bl oclelunmyrdimipt thegsteteateidrmplumn €040 o€ 42dmhet wiiih dealuateonshezadl agagone

enbodi nent s, the conputjng system.100 j s .inpl enented, usi.ng,one or .nopre
ot | na TS SRIRS (pTE o2 ROAITAG oS el BEo B e sl (4 Bas ARpinaicat ed
that in akhefed RUNTEDLD, TF HRr& ARk oGty $drBdThihQ Qeil$ thalMea By &bkl NY
conputing devi ces having hardware conponents other than those illustrated

in the exaleapd U splectedsworlopsis) the pvidiby ¢vatuation dhised irproatssstersohidu il g

devi ces i s i j r £ . i npl e of

Foure: 5 nuTERERE G 472 M EhBNG iR hRhESh P, s O L HRTP O

system 504051 sedfrndaryecstiRiage ndeving@impOe]ls thanetein ke iaicesdf @beme atidlinS08, a

video interface 510, spl ay device 512, an external conponent interface
c

o
514, an ekt érlared swkgglélt 4VOL 51t riplicvapptier tread agaigr deferpngno,
and a CO%@&&%&Q%@W %é@agﬁmgg cﬁlgrrr%yi'rﬂhee%pgfi{a tc%lunﬁﬂfmn b) g lgvges are

i mpl emen usi ng nore “or war e conponents. For i ance, In
anot her exanplneore ryodinimendoluriids inathe cefpaft thrpgt delvinoe, tHoesdthatvaluagbmuthecal vi deo

interf , di spl devi ce, t ice, i
o co. [BUGE) YRD 0L AT oSy PR B T Dhel 81 A B R LB Fer BB el o

storage mRAhRiIfARARS iPfhe 36U iAged@En@Nd/ or instructions. As used in this
docunent, a conputer-readable data storage nediumis a device or article of

manuf act UPBS2lhat 1§thsresredatremainiizorolgwist ndhesdlersed wetki umtis“NOAdd B ), he a
conputing device. In different enbodinments, the nmemory 502 is inplenented
T ere hEfuioRot el e aSERRRGE RS i Lk AR < Rl i §TEDL T s
i mpl enent(@de)usiF fgry @l dRidor Y€ Serfdinmi@ stk &inith, aBel abdid dauaisi OragdecprRd a.
Exanpl e types of computer-readabl e data storage nedi a i nclude, but are not

limited tsP Whnd Rospiahodehsatided 2.l Aot 16, @& 0, apd AB? evithaegard 4¢ another

synchrg&i a@%@@ ] ndom access nenory (DDR SDRAM, reduced | atency DRAM
DDR2 S ?/ﬁ% Ranmbus RAM solid state nenory, flash nenory,

r ead- onl yoos31or y I R} ,arehecicmiatahd woek asabl(ENOr agr 406yathcewddMevalagtioat her
types of devices and/or articles of manufacture that store data. [0057] The
processi rtfread drvidesole;lpeal yeres cIH@n oy idisr 18 %ﬁﬁgr%ﬁhe%mﬁ%@%l%ﬁ k%i)'t s

After providing the local max column widths to the spreadsheet application 108, the width
evaluation thread sleeps (426).

[0054] Figure 5 is a block diagram illustrating an example computing device 500. In
some embodiments, the computing system 100 is implemented using one or more
computing devices like the computing device 500. 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 5.

[0055] In different embodiments, computing devices are implemented in different
ways. For instance, in the example of Figure 5, the computing device 500 comprises a
memory 502, a processing system 504, a secondary storage device 506, a network
interface card 508, a video interface 510, a display device 512, an external component
interface 514, an external storage device 516, an input device 518, a printer 520, and a
communication medium 522. In other embodiments, computing devices are implemented

using more or fewer hardware components. For instance, in another example embodiment,
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that selectively execute software instructions. In various enbodi nents, the
processi ng system 504 is inplenented in various ways. For instance, in one
exanpl e ewbadivmemi2g t he processi ng system 504 is inpl emPoTA$2@3/082866 Or NOr e
processing cores. For instance, in this exanple enbodi nment, the processing

system 504 may be inpl emented as one or, nore Intel Core m Cr opr ocessors.
I'n anot hér ¥R lﬁmged%ﬁff‘ogg%ﬁ?t nehide gt Stde8 sngfags st SPlsgaddes APl etteftled as
one or My&.SERAARL 6r A BpORIQRESSOrs. In yet another exanple enbodi nent,

the processing system504 is inplenmented as an ASIC t hat provides specific

f uncti ondP036]. | Nheanemayt HEr ineludespdre @rhodi avempuicrirtrslableakesgonge syedtaem 504
id iflc f ti lity by. usi ASI.C.and b i t
et r uct iGROE phssty i apy ot Br SR umisn TSt TR Ly Stafiblkba ©

execut es @ef {tWaEE nlcdffnt Wt 18R driurBElt loe hemtifdchsd tHAE tloRR @Al sd/drabftivagt ance,
in various enbodi nents, the processing system 504 executes software

i nst ruct ilpyiBIcHANg feadable by arroswuEng devicasIn didfexge cimhadimeats i memoryt H2 PONER
instructi. : i t Lon. " P [eE ctJd o he

A ba i et EERsA®ed IMHaTME' FCSEhse BN Cu i el MRSk 1B on

sets. [00b%hphecardandas yarbuontags daovhpatddQéadablel dutte stoge mEdimmBrample
conput er-readabl e data storage nedia. The secondary storage device 506
stores ddvResadfocapyrisiaeedablesdaiy storegssmpdie 1a¢inde thuf 2k Baslinied gydyppaic

Processi Ngn&ys ta@c@sssgl%molr? gggﬁ&g\ﬁ) WOLHKS dala G PLACRDRIId s e 'i'&xﬁigﬁwr %ér’cn%%sﬁg”s

an | /O operation to retr ata and/or software I nstructions
secondar ymsharya@zDReYDRBAM)) Geddcad Vatchgu DReido M DRAtS)HRANE BBRENSBRAML or age

device 15 506 is, inplenpented by varjous types of conputer-readabl e data
Storage reans A Tl ke ety Bish iy Ehespalyan by dB S CFrdieal”

i mpl ement el P RDEraRimaBRY ROVRIDRL bificiypKs of HRGAR A/ Jr 3PEIEN bV RanuEEuROM
di scs, DvVD-ROMdi scs, Blu-Ray discs, solid state nenory devices, Bernoull

cartri dgebat ssmddaip. ot her types of conputer-readabl e data storage nedi a.

[ 0060] Th wor ki nterface card 8 _enagbl es the conputi devi ce.500 to
bond uat dODEHAoG ThsOftesSRE S Rooin BRI £ SOGeRoMRE e R Sty |

di f f er entthanedtit®ntseciitb 8o NEhMOIKtridiods.f af6vagidtiél chB®8dinfentsPhe pRIERhg N

di fferent ways. For exanple, in various enbodi ments, the network interface
card 508 systeiiniMelrampiancaiedain Rrigey Haysi Foepraes, 1a ong REHIPIR PinhedtrpRik

interfac f |.C : | rf , el n rk i rface
Cor g ik Brogiabile SBELCS S REIeulolcR b 368 on bl s B Ao Y Bl 20 Te
vi deo i ntierthiaceadpl anisdalient! e roagsing ngsteavi2lemdd Ge timphuignudd ai ¢leoor
information to the display device 512. In different enbodi nents, the video
i nt er f acen@e0inied Gor5| % MERTOBEPCEIFOE f 1 ABAeHgYPlIEFMEqiémeic éhe prpcaisEng

exanpl e i b i i hi.e [{S hi i
not her bogs?gtg%f S@Etg’ é%@gﬂ%?tﬁg%ge%cg g%ge é‘%ér%r%ﬁ(#tl lﬁlteoﬁ)g(ged%%%' emlréﬁlggg?%%rt , the
vi deo i ntexnmabeendi@imentathe ipdeessexpaneinofliLancplebeatydlas ah YWHE thit prodées

expansi on _car.ds. i ncl ude degn aphi cs cards ,manuf act ured .by ATI
Technol ogPEar THESToBH iy BroenGHE B 5P Ea O R AL gl a0 IBe SRSy NERLI ot ur ed
by Nvi di gGaneopatiie fufkiorant 8y GhkAban AU HabhicRecdind sOfWelk ihyRRER,
graphi cs “car ds. [006.2g n various enbodi ments, "the display device 512 is
i mpl enentl@®8s vdni difigrent embodiments, the processing system 504 executes software
instructions in different instruction scts. For instance, in various embodiments, the
processing system 504 executes software instructions in instruction sets such as the x86
instruction sct, the POWER instruction sect, a RISC instruction sct, the SPARC instruction
set, the IA-64 instruction set, the MIPS instruction sct, and/or other instruction sets.
[0059] The secondary storage device 506 includes one or more computer-readable
data storage media. The secondary storage device 506 stores data and software instructions
not directly accessible by the processing system 504. In other words, the processing

system 504 performs an I/O operation to retrieve data and/or software instructions from

the secondary storage device 506. In various embodiments, the secondary storage device
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types of display devices. Exanple types of display devices include, but are
not limted to, cathode-ray tube displays, LCD display panels, plasm
screen diwpl2ayn/i3e38l s, touch-sensitive display panels, PEDUSeo@®B28)6
projectors, and other types of display devices. In various enbodi nents, the

video interface 510 co nicates with_the displ device 512 in_ varjous
ways. For %6n’§t %ﬁ%@eﬁt P YIRS etmd%ﬁﬂ@lgl}tef-%ﬁ%‘qlaed@ta ﬁf@&gﬁa@sdlg-lof:or

comuni ¢ ndtt b stihathy SRbide BRYECHPHRY ¥t AmichhivE b3 Ao SPAAE nfifedUSB)

connector, a VGA connector, igital visual Tnterface (DVI) connéctor, an
S- Vi deo cbsksempgreticdapd diveRe€ DAROMoAisd IRV RN distseBtaBeay (iHDMsplid statsr f ace,

a DisplayPort cqnnectq, or..other types,of connectors. [0063] The exfernal
conponent TV s Denil rat e Bt oRE Bt ol EPH o e o
Wi th ext efdiase Me¥inces. In various enbodi ments, the external conponent

interface 514 is inplenented in different mﬁ; For instance, in one

exanmpl e dfBefli menthe neheork inisripen casd AP preaplesithe eqmptimgsipyice 08 taygmd data
interfac t her |l e ' - ti - ' 0Q is. a

i ot o P APR Rl oo BER, £p AR Cibinichh SRR MYHSE SR RS, o

a PS/ 2 i nhenétaos indrtico cariniiBhieimpepenel ih difésrémeeayk h@br etvalplesn tvhgous
conputing device 500 to comuni cate wi_ith external conponents. 100641l n

di f f er enterehngBEeB RS neitinek éyledaceanard shpsnemricmpiied pase Bhundrakriase the
conmput | “Qoﬁe%‘!ﬁzﬁ%né%rﬁ ﬁé&%‘?hﬁéf cﬁatﬂé‘x{eﬁ»,&kfiﬁt%ﬁ&&l{ aSHTALR Ao ERTRABRILS . _For

instance, int exanp gure b, e external conponent I nterface 514
enabl es t(heg.,0BHLUVIMgx, v}, oe ai@berttppecaimtwmorkanterfaéct h t he ext ernal storage
device 5 he input. device 518 and.the printer 520. In other .

embod merlbesTl; me TR WS Eigonih ks Gobpsahe 2R%5r G0t i itiong

devi ce 5QQfkRaGHTIHRL G By M/ teBARe 1814 fIGURI crfBddh ARt (ROTRRBEMETaccS fer
exanpl e types of external "conponents include, but are not limted to,
speaker s,is phplsgcotedrigididercaicways. nboremstanere dii ang leagraple dogiodimetthéie vedavput i ng

devices, BEAMDST Al SATS e gD OR Bl e O B o

storage de¥mpR &iodime@NtRXEENRkerGOIBO0eNE vERBRKpSisth @€ Tkample types
of video expansion cards include Radeon graphics cards manufactured by ATI
Technologies, Inc. of Markham, Ontario, Geforce graphics cards manufactured by Nvidia
Corporation of Santa Clara, California, and other types of graphics cards.
[0062] In various embodiments, the display device 512 is implemented as various
types of display devices. Example types of display devices include, but are not limited to,
cathode-ray tube displays, LCD display panels, plasma screen display panels, touch-
sensitive display panels, LED screens, projectors, and other types of display devices. In
various embodiments, the video interface 510 communicates with the display device 512
in various ways. For instance, in various embodiments, the video interface 510
communicates with the display device 512 via a Universal Serial Bus (USB) connector, a
VGA connector, a digital visual interface (DVI) connector, an S-Video connector, a High-
Definition Multimedia Interface (HDMI) interface, a DisplayPort connector, or other types
of connectors.
[0063] The external component interface 514 enables the computing device 500 to
communicate with external devices. In various embodiments, the external component
interface 514 is implemented in different ways. For instance, in one example embodiment,
the external component interface 514 is a USB interface. In other example embodiments,

the computing device 500 is a FireWire interface, a serial port interface, a parallel port
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nore conputer readable data storage nedia. Different inplenentations of the
conputing device 500 interface with different types of external storage
devi ces. EwanplB9izgpes of external storage devices i ncl nde/ushut/oaases not
limted to magnetl c tape drives, flash nmenory nodul es, magnetl c disk

drives, al drives, fl ash rmr units d| S ves tical
, ukeboxes‘ to ALF> Gt hi@ S, e\ ATQ of git%acsﬁﬁatof‘rna ghe’ Computing
conmput er -J.62d3bb & &%ﬁﬁuﬁﬁc%%ﬁl BRGhA- cpo%nérﬁ@Ut devi ce 518 '5 an_exter nal

conmponent that provides user input to the conputing device 500. Different
i npl enent|8064dns dh difercooeapbedimgndethecext&0d ¢ampmtaicetanfach Sd# feheblenthet ypes

of i nput devi i nput..devi ces include, but. are not

i £ o (GmNETRdste Ok P AT P SR e Bed B Rus,

m crophongshe bawile oK Figur® Y CtheS@Rghdli cothpdh &Rl iddér &S 9m§nabwadh@b&ﬁpuﬁﬁgoes of
devices that provide user input to the conputing device 500. The printer
520 is arfleEieSPAH cofamprisatehdth e ichicsnali sforge depapéto, Unk mpetdaytce 518, and

i mpl ement, v n i ,f types
of " pri i s PARRE 220 IFBLBHbb ARG S A BEARE Tyl ol b G ey

| aser pridohpusting |dak1c¢ 600 o6 icofetudicaRhwith npire Vi €6 \Ser ©a@YalnEdiionests. fGker

machi nes, recelp printers, dot matrix printers, or_other types of devices
that pri rxeealcalypes aéﬁétﬁmai GOBBPIHES HSHdEnPeatE I linstRdute shoaketsc Photcat es
conmmuni ¢ a £ i i 00. In
i T or ent e A i o R RS S Sy ARl PR Bt
comuni cakinerasaadmgeghrihf eradert, acdwpwnelatiseothat hZHl bonpaitected tdekd cempitthg For

i nstance, . in tﬂﬁuexaml e of Figure 5, the comunications nedi um 522
facilitat®¥¥€3Muni cation among the nenory 502, the processing system 504,
the seconggesy| St ofRA&AaM! s‘t‘:@raé@@ev&é’?l@%té’ipéﬁeﬂnﬂlt %rﬁlﬁﬁl%n@%n%rﬁﬂ% o6 Vi deo
interface 17 510, and the external conponent interface 514 I fferent

i npl enentmonemmp@fertrta@lablerdm ftogedevidge DsGorent heplementaimirsatlitbn sompdingm 522

| i i ff . F
ol oo o0 B b LR AR nBSY oL 2R6BRT Fnuied sfiskt c SRRl S U 522
may be i nplennitedgasdericBClindige, MutPEk dfXAieB&d BslSmagittiRCepb alrplegdfigghaphi cs

port (AGP) bus, an Infiniband interconnect, a serial Advanced Technol ogy
At t achmerteaTANodHese msRelc tisk drives: aptieal dsTalrivies ellashinraery Lantﬁ @e Wiskhannel

it or f acar g UEPHARTel Ao R A0 ARV RLERLRE Fh 25 Fund “Rbuer 500

stores vatadabk daypasragl nthdiaa Eirdhput cB:Och:\B@.S@s ams;ttémaltao@rq&nexﬁahatlpﬂsﬁame in
the exanple of Figure 5, the msrmr 502 ﬁLores a Basic Inpg ée t put  System
(Bl OS) 524 HRubieiha Porgpuling 6%@2 00. 5 dPiflercat ippleasntaligns o5 C%IHHutB}'gogram
data 530. d[?m% 58b Rerract \in'&?hi%‘?e?n %/p%%f &@uﬁ&’éxﬁé’é@r %xhﬁr}gfertygés' n@g&t Rigcgrhen
execut ed by the processing system 504, cause the conput I ce 500 to
boot up. itledopet attelmghsmgdewnlﬁyﬁoardmlrrucmsraak@éls o¥lus ofpundeecdsnlstyr peclsi ons

t hat, when. ex cut ed b g Locesm n stem 504, C%HSE t he ﬁgr’ryutlt@g&

devi ce 5661‘3{%’ B’P%%/J%Vé ?}E aETHYYS 1§P ¥ SEIRSES B rAieTay RS phEcvgss i es
and shar ingyial u§@ P ﬁ?ﬁle%niphﬁng;@émw 5010 ﬂ%vlsrﬁﬁe&@@ -is X BBIR1 §XREShef
operating systems include, but are not limted to, Mcrosoft Wndows (r),

Li nux, Urirsgs d@iplte Paserx, Dnﬁﬁqylalet iaplomerrrtame, of FA¢ ePMPbUS: dedbenS 0% intedaey e
Chrorre (@) e Andr0| a i C n.soft

et udes UL gTRET SRR Puen e Pietfle fbee EPrARR b Bl BYBifutr®
processi ngses \isitredrs SOk, jot pifiert,h pheONPrititeiY cOPy ingRhbRE, o BrabMhelg receipt
applications to a user of the conputi n? devi ce 500. The programdata 530 is
dat a gendVB{®Es dohaRB RISEers Yy qﬂﬁ‘é teiisp Iof daxtipesrihad priphdate tospeper.[ 0068] The

vari ous e b rat; on
oty and PR GoniR G AuREAOAT MR o P DMfesO Yot Rhbd RREAUO"
readi ly reedgnat Z(E)H\@hblﬁBISofnﬁﬂl Eam@ttingngevaded Somlangemffdmtt era?yodmeimddle

w t hout follow.ng the exam g errRodl ments and. applica q&fl ons illustrate ﬁ and
descri bedORBRENG lo%ﬁneé‘}&’élﬁﬁﬂ fagi ’é‘teé;fé’%‘f“ﬂ%??ém&?é%?& [eyegt FPRyReRsEisae

Ter €1y eXAUBhffutidd iRl 00S FRABRMMENhShe SlAMAIBLr PRARAS] BB S0 ffinlARbIIS
nmore or fewer steps than those shown in the figures. Furthernore, in other
enbodi Uennaliuml 42 ﬁlmlrbzpief a¢monsiceion amohg diec nhamcsjz épé ) § prheesapgrsasuemns
ig(r)rpvm:i ISIn r‘?té) ethe sgcon aryI sr‘gor(ejllgéc Iieevrlgeng%o ! deene%work 1nte%ce card 568 tﬁe Vldteo interface
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perform ng, by a conputing system a columm adjustnment process that uses
multiple threads to determ ne overall maxi num colum w dths for each col um
in a set wb2argei28col uims in a spreadsheet table, the ®et/uskoilmsrzes
colums including at | east one col urm and refl owi ng the spreadsheet

t abl e suc tha ach colum in the s of, target . .colums has a w d based
on the ovﬁpa@fl 1, SR GO T aa? %lﬁ |qgffyent pmplepent ﬁté?%af claim

1, wherei danﬁﬁﬁﬁg 0891895607 ﬁlec&hﬁﬁﬁmé’éﬂo% h¥BHm Pﬂ)ﬁ “i‘&%le%%‘ﬁ&rd' iRt @fferent ways.
dividing rows in the spreadsheet table into a plural ity of work units, each

of the wildrh uwzaicu,atlnomhﬁfmletadmpmwuong ofiether coompetingr devied t SO0 r 6 t he
plurality of work. unit etermm Ioc ths for
bach col et RN Sof S S ar B o k. i P BBt it oy g,
for each gedivared Brabhies SRkt @AGmrtﬁ@t aﬁoﬂnﬁmndtlh@r&)\aﬁéal la gERMl MUag&ddUMM
wi dt h by |dent|fy| ng a largest of the |ocal maxi mum colum w dths for the

col um. Bchmlegyettrstimsnt dAdiAh mierconnect, whdragdlisl pdF Aotmeragnicke & olfibem
dj ust dt h
201 st e R TR eSS RRRAR T A YR Rl

work un| t& adotlelbgpe df communivaigs nafdipi.ocessi ng units in a processing
syst wherein the nunber of w dth evaluatjon threads is. equal to
t he apprdBPWalt e nUipEBFMYY W SACENAIouatiPsh Of datearfor softwargy@stiations B9T cl ai m

Lot LR O U B0 PSP PHELS SR St
a | owner I(BEN)S) S2dhchn operatmgss;yts@rras% r@phca:timnes@dmoe 028, emdhi pregrhivedoy S84l |
maxi num §II %}e‘{] 1%% N t he n % 1ceI | s |Sn ﬁhe ?let e%fecﬁtgé gDet col ums
does not c (a I |3 it O ¥IVPRG THETBRN oA HinAR 1°
processing system 504, cause the computing device 500 to boot up. The operating system
526 includes a set of software instructions that, when executed by the processing system
504, cause the computing device 500 to provide an operating system that coordinates the
activities and sharing of resources of the computing device 500. 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
Android OS, and so on. The application software 528 includes a set of software
instructions that, when executed by the processing system 504, cause the computing
device 500 to provide applications to a user of the computing device 500. The program
data 530 is data generated and/or used by the application software 528.
[0068] The various embodiments described above are provided by way of illustration
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,
in other embodiments, similar operations can include the steps of the operations shown in

the figures in different orders.
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wherein each of the width evaluation threads creates a device context; and
wherein each of the width evaluation threads uses the device context

creat ed byothe/mMpit8h eval uation thread to eval uate w dt reTafS20418082806 cel | s
in the set of target colums. WO 2011/ 139528PCT/ US2011/ 032806 6. The

met hod of Iéigmﬁj wherein values in cells of the spreadsheet table
are deri v data in one or nore external data sources; and

wherein tihe et heehdgwohiigkingonpri sing: starting the col um adj ust ment
process when the values'in the cells of the spreadsheet table are refreshed
from the one qgerfeonagesbyennalmuding sotent es . column Tdgustraeritoproodssclhal msds,

further conprjsjing; receivin by. the co ting .syst.e ne or .nore. col um
sel ect i orMHBI AR 19 detariteoverall BB helpen Rt Totae B EpIER i Aot &
i ndi cat i ngrgbhBolaMYMS sftcddiBect @bl tht ALO6T t484tUsHNSmns el ik BPWabtNgheSYSt €M

conprising: a processing systemconprising one or nore processing units;
and cofjurgstagd st or age system storing conputer-readabl e i nstructions that

represent a spr ﬁé\gﬁg%ﬁé %&%Ashse%%b‘?é‘ Suctlﬂﬁatce%ﬁi?EB@B{Ji%%ﬂ@?ét%ﬁ'ta{}g&rc%ﬁ&l&”s’
when execut ed By t Ohe Or nore processing units, cause the €onputi ng

syst em t chapaavddhebabdicorsihe @ackah eeixiappl dobmin @idth tdrehspslaadsheet appl i cati on
configured to: performa row adj ustment process that uses nultiple
threads to det®renimsdhogy el slammbx s R ioanigst ther eplumacrdipgment, Pipcsest  of

t ar get rQ%@Hﬁ@e@.spreadsheet tabl e when the nunber of cells in the set of
target rows ‘exceeds a lower |imt, the set of target rows including at

| east one rowdiadchg rows inrtké kjeadshectsqisle aats leeplurdliay o€ wauk hinttd atacleat ther ow i n

]E 2? ts ﬁte (r)\{si\séhaer\%ﬁ}atigg %egﬁssel%ctri]fgl nhet orbn?'gr%%vo?’ uEane frgr\{’letilg Iplura 1t§1( Io Wrcr)]rkr 81\{\1/tshel ght
and determining local maximum columns widths for each column in the one or more
selected work units; and

identifying, for each column in the set of target columns, the overall maximum
column width by identifying a largest of the local maximum column widths for the
column.
3. The method of claim 2,

wherein performing the column adjustment process comprises: determining an
appropriate number of width evaluation threads based on the number of work units in the
plurality of work units and based on a number of processing units in a processing system;

wherein the number of width evaluation threads is equal to the appropriate number
of width evaluation threads.
4. The method of claim 1, wherein performing the column adjustment process
comprises:

determining whether a number of cells in the set of target columns exceeds a lower
limit; and

using a single thread to determine the overall maximum column widths when the
number of cells in the set of target columns does not exceed the lower limit.
5. The method of claim 1,

wherein each of the width evaluation threads creates a device context; and

wherein each of the width evaluation threads uses the device context created by the

width evaluation thread to evaluate widths of text in cells in the set of target columns.
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9. The conputing systemof claim8, wherein the spreadsheet application
perfornms the followi ng as part of the row adjustnent process: di vi de
col ums iwotha/spi2eadsheet table into a plurality of woPkTors2aig/03maeh of
t he hei ght evaluation threads selecting one or nore work units fromthe
plurality of r k %Eicijs én.d eterm ning | ocal maxi mumrow heights for each
rowint onel isrmetBedoketiBti-ed work units, wherein each of the work units,

aside froma re@biRdaiucdQh kelidbl thecﬁﬂéefﬂ%ﬁb%t idbfe SRNGERIm QhtaCR 4HENS: and

identify, for each rowin the set of target rows, the overall naximum row
hei ght s byoicdaterid datngowrcksapgést of the | ocal nmaxi mum row hei ghts for the

row. 10. The conputjin st of claim9, wherejn the spreadsheet

appl i cat | on pel ROV RSTHOE ol gomaripihg; s, <ol PALRREAE Pcstess:
det er m neyih @PRERRS iR RUIBEThO{pririsiitt tatahiabiromel Tr@adse Hasadmer t he
nunber of work units in the plurality of work units and based on a nunber

of the protesdidalg sQnices in the processing system wher ei n t he nunber
f hei ght |yat | ' - - ' i ght
ol e o o BGhEoA TEAS | BRIt 05 SRR A8 DUIGE, Ol 9

eval uation threa ut'i ng stem o

spr eadshegit oapfdre caluhmrscretiboinpatst fhan halstiQWengheas np@e tokinnt Réctiomvinputs
adj ust nent process: determ ne whether a nunber of cells in the set of
target rdidicaingdbesolgmmgifethe sptpfargglf@lumns.  ysing a single thread to

determ ng t he @g%ﬁgggnﬁ{emgn%ggﬁi ghts when the nunmber of cells in the

set of target rows ot ex he lower limt. 12. The conputing
syst em of cl aiapr8¢esving seitem eamprisihg bhe oh@bghiroessihgahitgnand hr eads creates a

devi ce context and uses the device context to %Yal.uate.hei hts of text in
cells in the feflags Stf)t(%g& P Siep| Storing computer-readable instructions that represent a

spreadsheet application, the computer-readable instructions, when executed by the one or
more processing units, cause the computing system to provide the spreadsheet application,
the spreadsheet application configured to:
perform a row adjustment process that uses multiple threads to determine
overall maximum row heights for each row in a set of target rows in a spreadsheet
table when the number of cells in the set of target rows exceeds a lower limit, the
set of target rows including at least one row; and
reflow the spreadsheet table such that each row in the set of target rows has
a height based on the overall maximum row height for the row.
9. The computing system of claim 8§, wherein the spreadsheet application performs
the following as part of the row adjustment process:
divide columns in the spreadsheet table into a plurality of work units, each of the
height evaluation threads selecting one or more work units from the plurality of work units
and determining local maximum row heights for each row in the one or more selected
work units, wherein cach of the work units, aside from a remainder work unit, contains the
same number of columns; and
identify, for each row in the set of target rows, the overall maximum row heights
by identifying a largest of the local maximum row heights for the row.
10.  The computing system of claim 9, wherein the spreadsheet application performs

the following as part of the row adjustment process:
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13. The conputing systemof claim8, wherein the spreadsheet application
uses a display systemto display the spreadsheet table to a user of the
spreadshew0 2appi3p2at i on. 14. The conputing system of clrairmsd)1nbaspei n t he
set of target rows includes sone, but not all, of the rows in the

spreadsheet taple.. 15. A conputer-readabl e data stor medi um t hat stores
conput er - r ead HSFETHIAY ARPEIPSIRE FURafRer Oﬁﬁ@a e l%thaeaadgﬁése&row%% gumber

processi ng Wi hufiitd th @e PIASRSINDrR YiakEMPhasdd 68 ARMhIRE o BMe LdBes GRSt he
conputing systemto provide a spreadsheet application configured to: cause

a gr aphi oalthaeecspingeydieroe to di spl ay a spreadsheet table; recei ve
one or nore columm selection.inputs froma user. of e, spreadsheet

oppl Loat on, HITERITGRTH T bERHfeLbRE: FriREis firel B g FRERRTYE Bhaber of
target cojfeenat bvhlidienspegrdsheet table, the set of target colums

i ncluding one or nore colums in the spreadsheet table; determ ne whether a

nunber ofllcel I'hei epmmitingesysiom efaelgan Scuhaiens thexwesdshes! pplption pitforms
use a Si n[P‘L Foﬁo%&g&'s l%aﬁt &qfl‘%&lj Q@PQ&%‘%T"’C%XI mum col ums wi dths for the
ol umms n e nunber cell’s

target c n Imthe set of target columms does
not exceed t haletdiie whethdr;a number opedsifsati thetdaeoff tatgdeOruinigxaedds answwtianitt he
nunber of cells in the set of target colums exceeds the lower limt:

divide ré# in the spreadsheet table into a plurality of work units, each

of the vork Unish. o Afae ufRMPEASIARY (e LERA HRImIAY fow AlohisCORLAY N0
t he sane nunber of I‘O\%S; eterm ne an appropriate nunber of w dth
eval uat i anunttler efictdls hagedcoot thiget rowstlers ndt ewosdd thinlomer limit he pl ural ity of

work units and_based on the nu r. of the processi unjts in the

b ocess! g oy sHEonPuine SR & it &1 PreBr S gt HPCUSENRIPR e, ¢ ne
number of it Ng@NAl Uslid@And RERAHS dbNcd B&hiPli s lAihMe BfioMsdiMe VAR {on

t hreads being equal to the appropriate nunber of w dth eval uation threads,

each wi dtthe estalfl tragdtoews.hread in the plurality of wi dth evaluation threads
per form ql%t hepfoll O\Nitﬁ'%- ac%ein%)rc]) c arfttni !3, %vtl;'lgrrelen rees nr(e)a({sﬁee iani Hgaty(\)?lrlll(segnai ts in
the plurality WOPR Ui S* p PP
display system to display the spreadsheet table to a user of the spreadsheet application.
14.  The computing system of claim 8, wherein the set of target rows includes some,
but not all, of the rows in the spreadsheet table.
15. A computer-readable data storage medium that stores computer-readable
instructions that, when executed by one or more processing units in a processing system of
a computing system, cause the computing system to provide a spreadsheet application
configured to:
cause a graphical user interface to display a spreadsheet table;
receive one or more column selection inputs from a user of the spreadsheet
application, the one or more column selection inputs indicating a set of target columns in
the spreadsheet table, the set of target columns including one or more columns in the
spreadsheet table;
determine whether a number of cells in the set of target columns exceeds a lower
limit;
use a single thread to determine overall maximum columns widths for the target
columns when the number of cells in the set of target columns does not exceed the lower
limit;
perform the following actions when the number of cells in the set of target columns

exceeds the lower limit;
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create a device context; select one or nore work units in the plurality of
work units; use one of the device contexts to cal cul ate w dt hs of
text in cwbDIl2e11/13932Be one or nore selected work units; PCT/USa®&le/083866 Wi dt hs
of text inthe cells in the one or nore selected work units to determ ne

| ocal maxi mnum col u dt hs. of each _colu i.n the set of target col unns;
and use the IBY Fr%&%lﬁasetﬂa@@ﬁe R'%Flatlﬁ@ %Blﬂlé%?ﬁéfﬁ Wogiﬂ%tltﬁe eeahd??
eval uation thrgadgk ndetKid¥ e&ntﬂtﬁs@w Adrhailf@et WD &1, YBRGiMh S tHSsher the
set of target col ums; ['ow t he spreadsheet tabl e such that each

colum in the mletbeobfltoa\rsget coI urms has a width based on the overall
maxi mum col utm wi dtcgtf or et heaco um eog 1§%‘g a@%{l g)({seb%ds eet, ! abl e
to be displayed to & ULEF Br ARP ?ﬁ‘érgléta é Pon’ sed on the
number of work units in the plurality of work units and based on the number of the
processing units in the processing system;
wake a plurality of width evaluation threads, the number of width
evaluation threads in the plurality of width evaluation threads being equal to the
appropriate number of width evaluation threads, each width evaluation thread in
the plurality of width evaluation threads performing the following actions until
there are no remaining work units in the plurality of work units:
crecate a device context;
select one or more work units in the plurality of work units;
use one of the device contexts to calculate widths of text in cells in
the one or more selected work units;
use the widths of text in the cells in the one or more selected work
units to determine local maximum column widths of each column in the set
of target columns; and
use the local maximum columns widths determined by the width evaluation
threads to determine the overall maximum columns widths for the set of target
columns;
reflow the spreadsheet table such that each column in the set of target columns has
a width based on the overall maximum column width for the column, thereby causing the

spreadsheet table to be displayed to a user of the spreadsheet application.
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