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METHOD, SYSTEM AND APPARATUS FOR EXPOSING WORKBOOK
RANGES AS DATA SOURCES BACKGROUND OF THE INVENTION 5
When building workbooks, users of spreadsheet application programs often
utilize data from a number of different sources. For instance, when creating a
workbook within a spreadsheet application program, a user may import data
from another workbook, maé enter data into the workbook manuzilg/ r may

obtain data b)Mé%HﬁPg%’é FEYEANPARBAL 4T LB JLRR FoHP Sﬁi ne
analytical processingVOR IKBAB K RO ] $he Apia o % Regnsentered

from any of these sources, a user typically arranges the data in the desired
configuration within the workbook. At the end of this process, the user has
created a workbook thatiBrc(UKIeR @ takvDIart ditge ¥ dateT Ipsn which
meaningful numegiga) analusis manbeeriarmed, i SO ORETUSES 1800 rams
access the contents of the WC%kY)JOOlT(, copies 6F 15 tHe Workbook Br portiors £

of ibfrrayutdimatita Femninstamedeinahdiffesoenamnioscthe Faorkktonéeisvelent toeating a
other ysers via.an electronic mail ("e-mail’) message. The users._that receiy

e oSS ESB AL WA ERIRIR, L T LR fom
contatied mattkd avbrkbaypkieadathertwdrkyookbadie mativaly, themayrkbtak data by
may,be fored on.a file sharg whsreqTiAtiple Ysers an aceess Ihe SONTENS ceqsin
of the Workbobk. In 20 order fo share the contents of the Woﬂ?boo?(,yrange% of g
datd@@ayRils ol copient dhe dasested intoroterddcliome sy AlfHtbesgghsheses, a user
wagifionahmeiods IR ShATGiR Warkbeok Al NG LSR5 I9AGERSSAD e cnd
contents of a wor ook, these methods are rot withoUt their drawbacks.

First, this pergesiffibgltussatininisteedruliptsa i b asfincvoksbo tibtHat edige of data
m { [ . Iti nd network
o R vt to ensure

that the workbookisrdsedarethed whersitdsiéeegsidntigobsrkediUipe Morkbeek, fopies of

thetﬁ: %90912@081? g‘pg[)?tlgﬂp%\f }iy%ﬁ%? %Q'E&BHQ foﬁ@%ﬁ'ﬁﬁ%&?% H?any scenarios the

simultaneously access the workbook. For
workbook is sent to other users via an electronic mail (“e-mail”’) message. The users
that receive the workbook can then perform analysis on the workbook or add the data
contained in the workbook to another workbook. Alternatively, the workbook may be
stored on a file share where multiple users can access the contents of the workbook. In
order to share the contents of the workbook, ranges of data may also be copied and
pasted into other documents.

Although these traditional methods for sharing a workbook allow
multiple users to access the contents of a workbook, these methods are not without their
drawbacks. First, it is very difficult to administer multiple copies of a workbook that
may be duplicated many times across multiple computers and network domains. In
particular, it is very difficult for a system administrator to ensure that the workbook is
secure and that it is frequently backed up. Moreover, in the case of a file share, it may

be very difficult for multiple users to simultaneously access the workbook. For

example, if the author of the original workbook needs to update it, then it is extremely
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example, if the author of the original workbook needs to update it, then it is
extremely 1 difficult to track all the users that use it and have them update
their copies. In many cases, the spreadsheet client application locks the
workbook when it is opened by one user, thereby preventing others from

acGRARNG foeie. AldHionalty ddaniical HHACHARS MR RERRORREDHRs. In many

different copies of the workbook, thereby causing 5 duplication of effort and

rediféfty ProtRieadieat richtrpelsaiierderks theonerdrationisint] rqapged by one

thajdbie vREleys prabadimenimelsthedreseptdauentian fidve baanimAdey, identical
BRIEF SUMMARY OF THE INVENTION In accordance with the present

invERFEINthE'ab e BAECSRE BroditIFS L G s by arhioplodtisyeRanfausing

and@nRAtAIHS fRFRXPARINENYSHDPRIBAgR. as data sources. By exposing
ranges within a workbook as server data sources, structured access ma%/hbe

easily had to thelbdntéii8 &FtheriwiHdiEdk ByPakiappiitatish pftsgiaiipt the various

capakie RhAN TG tesand ARt seMEal fatr. source. Moreover,
because workbook ranges are exposed as server data sources when the

workbook is published, 15 any user capable of operating a spreadsheet
application program cabBRESH s thgEA Rit€rprI3éHd eV BtaISdUrces.

According to °“%§%8§§}d°f {he,inygpEon g%&é’?&%é‘?lti%rﬁrﬁg"e'da%%vfg.rar? BARMBroblems
the contents of a workbook as a server data source and for utilizing the
server solatal dpurcectitvel system.inokl dppasatiiefocorppsites vapbbielofanges as data

%t A ogfe%p&ﬁaﬂgnapwoq@m?r?g@ /g &‘al\;é{oé‘é&%%‘é; Metured

\?v)é%éﬁg%g'?n%r%%ﬂugggl ne of more ranges that include data objects. As

dgﬁnwharejfnbca@athf dibﬂa@b ithel w@te@answétﬂj@cwwmlabﬂmmﬁma‘pis program

i A o ek because

("DOEkbpdistengesaiiasepoast ajuwsty ¢aldiss. sRBITEevere dbis vewkbppkidatiohlished,

proﬁ{?ms@a&%@ﬁeb 5 Bgé%l[\’fgt% gs%'?&{@ﬁeet application program can easily create
enterprise level data sources.

According to one aspect of the invention, a system is provided for
exposing the contents of a workbook as a server data source and for utilizing the server
data source. The system includes a client computer capable of executing a spreadsheet
application program for creating a workbook. The workbook may include one or more
ranges that include data objects. As defined herein, a data object includes any object
within a worksheet that is utilized to store data. For instance, data objects may include,
but are not limited to, an arbitrary range of cells, pivot tables, data exploration objects
(“DOEs”), lists, databases, and query tables.

The spreadsheet application program may also be operative to generate
metadata for each of the data objects when the worksheet is authored. The metadata
may be saved with the worksheet. The metadata may be utilized by a server computer

when receiving and responding to requests to access the data objects within the

workbook as server data sources. Creation of metadata for the data objects may be
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metadata for each of the data objects when the worksheet is authored. The
metadata may be saved with the worksheet. The metadata may be utilized
by a server computer when receiving and responding to requests to access
the data objects within the workbook as server data sources. Creation of

mefReRimEr thasaldaRiRaSIRmOR Dy tREpFEAgshi A BHEARHEH 88RO When the

by the spreadsheet application program when the data is created, when the

datdfid ubitatich Yotah s paiiss Rl isked. reigliettsRO BN AtHsthEcAISpl dagenerate
A fagdlibemant2190 e Rrewided Ity RIlpMwiNgea selltovadit thespeladatencligtadata.

spreadsheet application proggyam is further operative to publish a 5 workbook

to a server complR&r SRUFHERNSh GRBIAKIE RIBREHBA Yo W ber B8P TaHisuterPablish a

5 USEdTaosReS ysthadisampui@nevaeall afd® statasqhiBGtasditia server computer, a
workbook be exposed as server data sources. The workbook is then

traMSFhitRaY t3PRML R SR pRABE vl thie B5elafib @ USES sHiitiBsAapeorkbook be

eXRApBSLaSSEL¥preHalaeoseRSs ACThIiG ItbasReRt e imaitéaN (dhehe server
system also includes a server 10 computer operative to execute a server

progtaRIie: BRASAG SBSEATS0;dR1 SRR & G/orRBSGIA SLER AP B cts.

As used herein, thecteaing datshsonreLirnelveaival taty sem eesorafeludes a server
specifically to a database upon which queries may be executed. This

10 de MBI CRASEL Nl dfio P AAEab ASEX TS BRIP R HOE STRAT iRy M i avithin a

quevtatbosings thensirdatirels] et s asguagein SEE- ihrnhiet@rehiealce” and “server
databases, 15 multidimensional databases (such as an OLAP cube), or '
datdbasetifate Ei?ﬁ‘élﬂ‘é?? ct8 ao?ﬂ}@ RS dhy tﬂ‘b‘?Fh%*eri@hB? executed. This

dat@ltasas{SuchiassthgddoifiediRitparsionaiiMedabdc URMmhyThe Beifinitian queried
also includes dagabases that may be queried via WWe rvices. As also used
norbihe (o JEESthoe Tl AR Eequbry dholod DFAVEAGR  dadbases,

15 souriogi diugih¢isran &RbgueyudDoaeohamarkbpok datdabietis baxdine aspects

boe) SR Sl Spplcalons et seor G RIecc e e )

as a'e@mvenyatakeudeinttiensatveriaonsstetigiapesatie thay be queried via Web
services. As also used herein the term “data source query” means a query directed to a
data source, such as an SQL query.

20 Once the workbook data objects have been exposed, client applications
may discover and connect to the data objects as server data sources. When a query is
issued against a data object as a server data source, the server computer is operative to
recalculate the workbook. If the workbook contains a reference to another data source,
any data necessary to recalculate the workbook may be retrieved from the data source

25  prior to the recalculation. Once the workbook has been recalculated, the server
computer is operative to generate a representation (such as a database representation) of
the identified data object. This may include, for instance, generating a temporary
database or cube corresponding to the identified data object.

Once the representation has been generated, the server computer is

30  operative to perform the requested query on the representation. The result of the query
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recalculate the workbook. If the workbook contains a reference to another
data source, any data necessary to recalculate the workbook may be
retrieved from the data source 25 prior to the recalculation. Once the
workbook has been recalculated, the server computer is operative to

geRnerdie arERRIRIC aliRN (IR RS a8kt cRRsaSBRIZHRN) OfntA8s manner, for
identified data object. This may include, for instance, generating a temporary

datf8R86%AchisE CaRreapbndifgab e sdeiteandariRibiidhcomeekhaek to a server

repssspiiat YhbrsiRe@nOehREMaHa INBSEIYBELPINHEEISIAR SRARUVEGther users
perform the requested query on the representation. The result of the quer

3
is tHaHZB8 @éetwél%ba%@ﬁf@leﬂénf%ﬂ&ﬁb%ﬁo%ﬁééﬁvﬁn%ﬁsthﬁanﬁl%?wer the

for dinstaneRed ¢oataGRR ERSHiAWBALRINOHFAoRK N dALRIighdneswrkReokhe data
to a server computer where its data objects may be exposed as server data

soifEEE“Other users utilizing database client applications, such as an OLAP

client, can then drseaviettfiedHajdsaHisrRmeariaines dothrwopkbagk anébmputing
issue native queries against the data sources. The invention may be

im BIRAAEYS Ys 38 BTG SHo CeuACtYin SHER o Sap PR R h PR Rfqduct or
of manpiestERRUEN 1BSIRCOTMHRUEEHPIAST Pid BEH YEbOicCampP B Iealalle storage

media, The computer program product may be a computer storage 10 media

reddsti 5996 Y P TPULEF KHEML ARS AT U B o BrasRgY of instructions
instatcHonmItiog execHipigen pesoRNsier Phecesaphke oL HRFOgEAIay also be a
product may also he a propagated signal on a carrier readable by a
corPﬁS’@ﬁﬁ@t%‘{/é{%’Pﬁ?é}’i’dae‘ﬁE%‘iﬁ&afaé’é?ﬂ’a’u‘ié%mBPdf&%ﬁY&F‘?ﬁéﬁ%fEﬁBﬁ%%g a computer
EXgLuHiRENc COMPLEEL R FeEssecLliRse: @behpaftpysootier features, as well as
advantages, Whiﬁhh?ls chalracte.rize th %regent invention, will be a(#)parent

e

from a reading of tH&%oBHing™ ¥&taild ERbith aid g?ﬁvi%@v Bf{ARtages, which
asshaiatectceavin gse BRI b ENE L RIBT KNP brdittl Hr S \AERAding | 6¥MBeObllowing

THERRAYINGS, FIGUREL R 3 SPIRUSIasefk diagrem flusrating

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

FIGURE 1 is a computer network diagram illustrating aspects of several
computer systems utilized in and provided by the various embodiments of the invention;

FIGURE 2 is a computer system architecture diagram illustrating aspects
of a client computer system utilized in and provided by the various embodiments of the
invention;

FIGURE 3 is a flow diagram illustrating aspects of a process for
publishing a workbook range as a server data source according to one embodiment of
the invention;

FIGURE 4 is a screen diagram illustrating an aspect of the invention for
providing a facility through which a user can edit metadata associated with data objects

in a range of a workbook; and
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20 computer systems utilized in and provided by the various embodiments of
the invention; FIGURE 2 is a computer system architecture diagram
illustrating aspects of a client computer system utilized in and provided by
the various embodiments of the invention; FIGURE 3 is a flow diagram

illustrating aspeqtsPfR Precessafaloko Mdblishing@wWerkboRkEaRusrag drocess for
server data source accordin%o one embodiment of the invention; FIGURE 4

is dSEIEHIS cagrafnRDLiRgMY SAUEHedOsr WRskRoRhtiongst BrotAtlipg data sources

faciiyotarpp eh oMbishsoURRE AT Bt Metadata associated with data objects
in a range of a workbook; and 4 FIGURE 5 is a flow diagram illustrating

aspects of a process for receiving and responding to requests for workbook
ranges as server dita'Balirtd3 PACSORIPGI{ON 0 diHbolNiviEN IAf e
invention. DETAWL 50 DESGRIPTION OF THE INVENTION & Refering iow. . 1
to the drawings, In whickr Ik numerals repr Sent like elemen S, various
aspéotsofithepreseatpente nifothevitirbeeole sovitmednl wpdrtieudascrBiKkdURE Iparticular,
an respongding discussion arg intended to.provi brief,.general
e S S IS I gener
invéereoiptiorayesintpbéeremipdtiv¢hite trreumeentionhveill Gebdelsodbedointhkhenvention
general ontext QLA pragsam medes fnatsieavie.aoninalion il context of
program modules that run on an operating system on a personal computer,

thog sikitte dnirdtHes atttavitixecog nizve chpintiennvehtiprgnay alsolies that run on an
imp) Qﬁﬂﬁﬁg% 'Btecr%m%?'Qg%f’ﬁ&%f&'lt%o%;{s%EetXRgéﬁfsﬁﬂfnﬁ’ i etﬁlesé{ﬁt%@fﬁr%‘&%nize that the
program odules. Genera y, program modules include routines, programs,
conmpenieiis ma% diia btrucplesicatud otherotpbesodstrudturebehdy perfofntomputer

pargj t rimel particular abstract data types. Moreover, those
ﬁtgsc}‘éﬁ{s %&ﬁ%ﬁﬁ%ﬁ IOSHE S

ski In the a ppreciate that the
Generally, program modules include routines, programs, components,

data structures, and other types of structures that perform particular tasks or implement
particular abstract data types. Moreover, those skilled in the art will appreciate that the
invention may be practiced with other computer system configurations, including hand-
held devices, multiprocessor systems, microprocessor-based or programmable
consumer electronics, minicomputers, mainframe computers, and the like. The
invention may also be practiced in distributed computing environments where tasks are
performed by remote processing devices that are linked through a communications
network. In a distributed computing environment, program modules may be located in
both local and remote memory storage devices.

Referring now to FIGURE 1, an illustrative operating environment for
the several embodiments of the invention will be described. As shown in FIGURE 1, a
network 10 interconnects a client computer 2 and several server computers 12A-12C. It
should be appreciated that the network 10 may comprise any type of computing
network, including a local area network or a wide area network, such as the Internet.

The network 10 provides a medium for enabling communication between the client

5



invention may be practiced with other computer system configurations,
including hand- held devices, multiprocessor systems, microprocessor-based
or programmable consumer electronics, mmicomputers, mainframe
computers, and the like. The 20 invention may also be practiced in distributed

CoOrpRHpR@ ViR NeNts wWhepataske arg 2reriaimestiyisan 8 RresaPURY systems
devices that are linked through a communications network. In a distributed

cofRSSE &R PHARETH O SetahHsunfee el be located in both local and
remote memory iy agr fevigasutBeteuing, Ao © FdfriHR Bukpast ileskiver laptop

operating environment for 25 the several embodiments of the invention will

be SRIBBAIELRAURHNGTERIGIRENE, o MRWFoAPRBCRHHERCHRNEES clldnparticular,
5 COpidiRlink A0 AIREVATBLSYBbaRMRAtRS A Anladftoll, BlocdehperaPpRGBtestive to

that the network 10 may comprise any type of computing network, including

a IGCEFAIRA ARHHIPR & Utfe RIS HIRN Ark, AUSRARRHE thestakilipldn the art, the
netypeskdiReprQtioss A pnedim fRoanRablingeonmunitatisihREtWeetrtitng budgets,
client 5 camputer 2, the server computers 12A-12C, and potentially other

compiREm Ly pABC R INISERSH S P BES NG GG RECHEHGHE] ¥ In order
cliept pesuRIstem? CAM@Isesis Jenesal AutROsa febkiep.aniaRIOpsiBeMPUErand  the

capable of exei)uting one or more applica hon arograms. In particular, 5
89

10 o cABIARGTYRA VRS0 508 MRA RS THRA VSO AOTREI RS mputBR R to one cell
opgrativect axepdte 8 spraadshert clgyitappleatiattans K@My tpriiage graphing

skilled in the art, the spreadsheet client application program 4 provides
funcARSRAARS Y P{:f&ﬁ%@asa&g%%ge%af ﬂﬂm&%%fgnﬁoé%&é&awaﬁacomw& and

fingngehastirgseric-related tasks. In order to provide this functionality, data
values may be organized using cells and the 10 relationships between t :
& ﬁaféts client

cells may be definetPI 8RR RS e 1BoMY ERHOBrodScd
15 to rgiplediiallg. hpyardstieaidregrams dswalylovdd eapbikbo slapabilitigle that is
for ouetﬁ?ui End a varigtt\{ o{ formattin%otptior{s.for text, numeric v Iu}(las,ta?d Ksheet
grapftfsdifiyed spreadsheet program that contains one or more worksheets (a workshee
may also be referred to herein as a (“spreadsheet”). A worksheet is a single page
organized into rows and columns within the spreadsheet program and appearing on
screen and used for constructing a single table.

20 Worksheets within the workbook 6 may include one or more ranges that
include data objects. As defined herein, a data object includes any object within a
worksheet that is utilized to store data. For instance, data objects may include, but are
not limited to, an arbitrary range of cells, pivot tables, DOEs, lists, databases, and query
tables. As will be described more fully herein, each of these data objects may be

25 exposed as a server data source available from the server 12A. Other types of data
objects utilized within a workbook may also be exposed as a server data source.

It should be appreciated that, according to one embodiment of the
invention, the spreadsheet client application 4 comprises the EXCEL spreadsheet

application program from MICROSOFT CORPORATION of Redmond, Washington.

30 It should be appreciated, however, that the various aspects of the invention described

6



According to embodiments of the invention, the spreadsheet client 15
application 4 may be utilized to create a workbook 6. The workbook 6 is a file
that is created by a spreadsheet program that contains one or more
worksheets (a worksheet may also be referred to herein as a

("sReegdshesl oA wakkshegtds &8iR0lSPaIRhSDaINBRELINA rAWEARAR from other

columns within the spreadsheet program and appearing on screen and used

for BBRLERGEHRE a MAne el thop sl Bik dmed rtans thelfssddices i aye presented

inclydgeonsRxMsITe §pRaashihatppaltidp a3t ahiacts shsutdeipadiesaitdahat other
data object includes any object within a_ worksheet that is utilized to store

datyPROP ORI RPN A IR DG HETBEE e dhiteaagounaspects of the
5 arbitkanticnge of cells, pivot tables, DOEs, lists, databases, and query
tables. As will be described more fully herein, each of these data objects may

be 25 exposed a8 S LS A ADotmbedimsisIaltBritNention dhg shew grapputer 2

types plakaia0bjretsiwilizegkadthi 4 oIk ok snay gm0 d aSIaAP client
server data squrce. It should be appreciated that, according to one

emBRIHFAEAL SF SRRV AL APRHS LS RERHAR: RN G BhReaREH AL impriying, and

theui K&l BpagesishacO BAPligatodb Qg r o rMNICIROSOKAP client application 8
CORPORATION of Redmond, Washington. 30 It should be appreciated,

10 hoRavefomsetie Vst HspuBriH théinenteh Bsstebesk o therdifoHgl database

utilizgehatitheatharispreadsberi-aapisaioreprogsams oI PthREnt application 8 may
manufacturers. Moreover £though the inyentive aspects described herein

are PHESREE RS st {ao?oé“"s“ﬁrégd e%%iﬂ%‘ii&&‘ﬁ‘@ﬂtﬁlfc}&r%ﬁsr, fhgRfgRtive to
be rppraciieethohotahdypessifapplitatdbAregiamspplay@bsabe utilized

o embody e vl oun ERAES LI, & Vel AN AL i

15 to axpeytalss HubRwies applisationoBkHduk GLAR ot t@pplibRiitisSfunctionality,
D GRABHERh S P B Rl OED P e 8 OB e cpository 14
apphigiatisined by a file server computer 12C and accessible to the server computer 12A.
The spreadsheet server application 13 executing on the server computer 12A may then

parse the workbook 6 for ranges including data objects and expose the data objects as

20  server data sources. The OLAP client application 8 may then connect to the data
sources exposed by the spreadsheet server application 12A in the same manner that it
would connect to a dedicated OLAP data source, such as that provided by the server
computer 12B. It should be appreciated that the spreadsheet client application 4 may

act as a consumer of data from a data source in the same manner as the OLAP client

25  application 8. It should also be appreciated that the computer 2 may be operative to
execute additional client applications for querying and consuming data from other types

of databases. It should further be appreciated that in an alternative embodiment, the
functions of the computer 2 described above may be divided among two computing

devices. For instance, one computing device may be operative to execute the
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10 may connect to the server computer 12B through the network 10. Through
database software executing on the server computer 1213, the OLAP client
application 8 may issue queries against the data source 16. The server

computer 12B is then operative to receive and respond to the queries from
thespbARKRieHpRRBAGBHON RrAruBIilRedaRCARIRIBI SAIeRiASRE REIRW cHMputing
OLAP client application 15 8 may also issue queries against a workbook 6.

In SFIETAPBRIBIRFRINICBIHAR, gl inns deieAPSSpREtA-4 may

publish the workiAQols6dtp @ ¢RPaBHAEYA “Aaginiaines ind flerser®ia source” refer
computer 12C and accessible to the server computer 12A. The spreadsheet

serRSCHERAlM PaABRC RN Wh thEeerfe reBnp et oA nidy e isigrsancludes

thervypikhQoH e iRk sNERS IRCUdIN G slata ebjehisrantiexPasathe data elieedasional
as 20 server data sources. The OLAP client application 8 may then connect

to #laaess SR as BxStsell BYe Ypraiibenethab AARbIBpRERREH ¢hikipfional and

thens@mémasaaRtdbuidcpanest PMVIedinaeR iR dRIRIBEIES, databases
such as that provided by the server computer 12B. It should be appreciated

thaliengyrBa durked MR AY hiiidtisn AT WahRer b HEUHE HUAERYERAueTY”

a datasoufeH dhedaine MannesasdhaENLARITEEN dheapplication 8. It
should also be appreciated that the computer 2 may be operative to execute

10 additional client afflicRiEHE ISP GuERiTg ARR'EBHSAMIny GTAPHSH ofheterver-based
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typgsplafatiatalpasganit hhowidyfutbeitberappigciatetsEhal in @ppRtesaatie (headless).
embodiment, the functions f_f the computer 2 described above may be

divitSBFRARY ST, 5@138@@&? OB LY SRR Mg e (s tions of
maghHepanrraiiee dicaxapplr dtien 4 spreadsheebapplicatipor4daniidisbigeadsheet

e e e i Copg e ey bo SO0t v,

"date sueaeshred ssepreiticaionrcR ietepropdelicalivtional datalasepusiap ranges

I F L T R P

mutigiragns ibiead dadab asesi(Biicheadanc® b Rheudiea dstdatadrse sppéitation 4 and

Corgl%irslgrg%)s gte% ggr(/%lraggpq%a%%% 13 will be provided below with respect to FIGURES
2-5.

Referring now to FIGURE 2, an illustrative computer architecture for a
computer 2 utilized in the various embodiments of the invention will be described. The
computer architecture shown in FIGURE 2 illustrates a conventional desktop or laptop
computer, including a central processing unit 5 ("CPU"), a system memory 7, including
a random access memory 9 ("RAM") and a read-only memory ("ROM") 11, and a
system bus 12 that couples the memory to the CPU 5. A basic input/output system
containing the basic routines that help to transfer information between elements within
the computer, such as during startup, is stored in the ROM 11. The computer 2 further

includes a mass storage device 24 for storing an operating system 18, application

programs, and other program modules, which will be described in greater detail below.



multidimensional databases (such as the UDM). The definition also includes
databases that may be queried via Web services. As also used herein the
term "data source query" means a query directed to a data source, such as
an SQL query. 10 The spreadsheet server application 13 comprises a

server-based applicaian RIQARNINARLMAY LxeriievMthpttepuss afrdugh a mass
display screen (headless). The spreadsheet server application 13 is

op &l FOHERHSIRINY BRIFOHIREEES Bie s dpreblmast sirsage device 24 and

appiicaliep @neaaphvat cataBiehcfarRsiarGe e Be adshee toseRé&omputer 2.
application 13 can load and calculate a workbook 6. As will be described

heralfiopshrbsspraciidiraee SerRPUppIRAKGI 1acdias pREVRFSSIRIRY B {aNtyo @ mass

5 for gypRsideviengez hwithinadgskhaaks kosapaEblesaie HYigpiieciated by those
network 10. Additional details regarding the various functions performed b

thesSpteddfs e piibat SPPRUEIraalg Mrdiggambermat %mlsm@atfaﬁt can be

13 wikbrPmMiRedoagiawwith respect to FIGURES 2-5. 20 Referring now to
FIGURE 2, an illustrative computer architecture for.a computer 2 utilized in

the various embGtHmEMS bERERIGe ARS Ml BY BQRricRUPYE TeApGgcdia may
arckitaptive ohawiteisfolledd e &idllusdr abtasau avientiapdiad eskigpuesgiiape media
computer, including a central processing unit 5 ("CPU"), a system memory 7, )

10incly v@ﬂ aVPé?f&Sr?PQcEH&%WoF%O(’??EW) 458926y iEbRp!cmented in
("REM " éthoanda RBhsystem lfos ddrihat epuplrsithesmesiory &9 thenpRidraeadable
A basic i_nput/out ut system containing the basic rgat)ﬂines that help to

trafaTePs SHUEEES BregTam<nethlRs Heolyhoatr, SRR WS stiArge media
startigmdssstaieid HothienREANDL 1 R ANMEROMPHER ANUrHTEPRIOGdRSI2RASSY or other

S S a0 oA SR PIIA YRE  SHRIC BRI,

15 8 Thrimaassstpaomsaidte 24siztanneaiedtio the Ridthioubikasiass or other

o e P L2, T e a0 s
stofia@entatitheasd Whldietah be accessed by the computer 2.

According to various embodiments of the invention, the computer 2 may

operate in a networked environment using logical connections to remote computers

20  through a network 10, such as the Internet. The computer 2 may connect to the network

10 through a network interface unit 20 connected to the bus 12. It should be

appreciated that the network interface unit 20 may also be utilized to connect to other

types of networks and remote computer systems. The computer 2 may also include an

input/output controller 22 for receiving and processing input from a number of other

25  devices, including a keyboard, mouse, or electronic stylus (not shown in FIGURE 2).

Similarly, an input/output controller 22 may provide output to a display screen, a

printer, or other type of output device.
As mentioned briefly above, a number of program modules and data files
may be stored in the mass storage device 24 and RAM 9 of the computer 2, including an

30 operating system 18 suitable for controlling the operation of a networked personal

9



Although the description of computer-readable media contained herein refers
to a mass 5 storage device, such as a hard disk or CD-ROM drive, it should
be appreciated by those skilled in the art that computer-readable media can
be any available media that can be accessed by the computer 2. By way of

exa@pjsiand aehlimitation, sanpidergeadablsaasia MaytePMpsise MICROSOFT
computer storaﬁg media and communication media. Computer storaﬁ%e media

10 $rieRREROJiHAN ah& stRovdiatiashargoPanldaiersb AR dablerddad RAM 9
impiReRtestdfcae Betnd priacrnaleayiéer stopagr ehintarmationsret Asvice 24

computer-readable instructions, data structures, program modules or other

dahClin R storage fedid RrmsEcHut i HotARttaH, RAM, MORLAP client

5 EPRpIMa PR QMIdiasBsnemary. oTpihahssQlisk siatadviemoayteE ROy may also
CD-ROM, digggtl versatile disks ("DVD"), or other 15 optical storage,

maAksit WABRARkO rsyRedy B5sPrRaGhett ekt SRRUGEIOR dther magnetic

storage devices, Q¢cn¥igihes mediuambbismean be Usedite stam thehdesprddsheet
information and which can be accessed by the computer 2. According to

vartBRE SO BIRRAR i HHESMUERRTHUNE CoRTPEREE I1HAJA Bt feh of the data

nhewkgd&wi%arfgmimﬂm@iﬁﬁ&?& C!DHBﬁﬁ_‘f}h@ﬂ@d@&ﬁ'@ig@m&ﬁal%enerawd
throu a networ Such a _t e nternet. e mputer may connect to
10 the%ﬁggwmefé%shﬂwat B 8?}&?&6&5@@%%5&55%@&%& 15%he Hifsngtadata 26

shewdg be seppiewidiad thahiheneiverkndierfagevithitZO waybalso beEhdtilizediata 26
to connect tQ other types of networks and remote computer systems. The
cofBites BHHAS R IR RIAE" 6 B kY BO AV B8 1BR FSBRA /Ry reauests
progessiag imputazoobdsmhenahetherid sevicesnincluaingedaybaarth example,
mouse, or electronic s]t%/clz}ljs not shown in FIGURE 2). Similarly, )
oo REGIEGORclER 53 i, EREATIE oLkt Sl B Qe st Bichefeld in o
15 or etbaibhysie @ittty e oD AS neetiosadhiiotymbovelicaruhbentic of the field
program moduleﬁ and dat filé?}s fmﬁf‘i/ be storegl in the mass torgge devii:e ndi
2 RGNS e Wi R AR S50 B Bt o0 indicate
suithilehtod eantreliipg ghappiiatieiefdinatvarked Peksprikss may be performed in
an automated fashion by the spreadsheet application program 4 when the data source is
created, when the data source is published, or in response to a user request to generate
20  the metadata.
It should be appreciated that, in embodiments of the invention, the
spreadsheet client application program 4 is operative to provide a facility for allowing a
user to edit the metadata 26 created by the spreadsheet application program 4 for the
data objects contained in a workbook 6. For instance, using the above example, a user
25 may deem it inappropriate to generate a sum of zip codes. Accordingly, the user may
utilize a facility provided by the spreadsheet client application 4 to edit the metadata 26
to indicate that the default aggregation for the “ZIP CODE” field should not be a sum,
but should rather be a count. The modified metadata 26 may then be persisted to the
workbook 6 and published to the server computer 12A. In this manner, the server

30  computer 12A can better respond to data source requests for data contained in this field.
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9 computer, such as the WINDOWS XP operating system from MICROSOFT
CORPORATION of Redmond, Washington. The mass storage device 24 and
RAM 9 may also store one or more program modules. In particular, the mass
storage device 24 and the RAM 9 may store a spreadsheet client application

4 and aniéAaAPeqlientiapRicationfins Hessetaast ADeRnERLM BsStREOIaG o bjects

device 24 and RAM 9 may also store a workbook 6 created by the

spridsinekbtie by dppestrsiiecacishtinmg isatine dmblbamdsaedperdn greater detail

inveainwiie sppeadshaetumplication program 4 is also be operative to
generate metadata 26 for each of the data objects contained within a

workbook. The nietaea BoaREs Wi forh Sifcsily JerRPRtLers 624y tr& may include

5 sprgagsheet glienbapalicatian bafpauioreshipohans bmatkaes TREFIGURE 2 and
metadata 26 may be stored within the workbook 6 and saved with the

wofKBOAREAriRONetAt Aot FialP bactifiz e iR tHe 1B S pRtE s Ao store and

whegetesiyingardiaspRpdinaipliedussts 1o ateesktherdata ahirgts Wibimay be
the workbook as server data sources. As an example, the spreadsheet

apIRESIEYE PPotPLRRe FrESHLTSatnietstatBR s aHPE He P e aiks o AR JsRPOnding
entiad @& GetHes Khadnatndalaepb gy indicatenthe nanoekebiredield should be

and may set a data type for the field as a number. The metadata 26 may also .

10 infEtsC st 1B BEIaRsTe GATMIEH te feldls DA plftesonventional

mayohs peries med linsenalie Faek Rshankby Whets preadskiset appication
program 4 when the data source is creatgd, when the data source is .

published, or in FEE{OHEE 18 skt Fodtlest & YoMt 5o mltaak e described
shaugdtheiappresieied thatidmembedineriscalithestnveaitonpghieation program 4 for
spreadsheet client application program 4 is operative rovide a facility. for .
UG A B ol () Dt BB CRIBEED BT By in R sERgiBe e discussion of
15 applicatarirograsenctbhtheingatasiahjeTisccappadorteth tavanebRpkcal bpérations of
instance, usi g(tihe abov% xample, a user 25 may deem it inagog{opriate to ¢
geﬁ’éfé&‘ésaegﬁ’rﬂ SPSISCBHARS RESTHIARYS AR (E&r RIS &l fadhi Scquence o

prasidenhiy ihelspiaacdshestdliphicapplivatiok¢rimedis hreareiapaiag® Oystem and/or
(2) as interconnected machine logic circuits or circuit modules within the computing
system. The implementation is a matter of choice dependent on the performance
20  requirements of the computing system implementing the invention. Accordingly, the
logical operations illustrated in FIGURES 3 and 5, and making up the embodiments of
the present invention described herein are referred to variously as operations, structural
devices, acts or modules. It will be recognized by one skilled in the art that these
operations, structural devices, acts and modules may be implemented in software, in
25  firmware, in special purpose digital logic, and any combination thereof without
deviating from the spirit and scope of the present invention as recited within the claims

set forth herein.
The routine 300 begins at operation 302, where a user utilizes the
spreadsheet client application 4 to author the workbook 6. In particular, as described

30  herein, the user may utilize the various facilities provided by the spreadsheet client

11



to indicate that the default aggregation for the "ZIP CODE" field should not be
a sum, but should rather be a count. The modified metadata 26 may then be
persisted to the workbook 6 and published to the server computer 12A. In
this manner, the server 30 computer 12A can better respond to data source

reqypS it eratRingd BbibéssfivlthinlAARHMSSRIMR At dHRIgaE 8 ekl ls, pivot
editing the metadata 26 generated for the data objects in a workbook by the

spreblsn B EneHetapftiabasr 4Manb e bisscrtb e ktettustisi s diRetvitiso may
respagtify-KaldREath BrSbrUld ReqapRrasiakedutbAtIbEkSErYELCAMPYMRESe 16. The

12A-12C may include 5 many of the conventional computing components

iilu¥EEess fveeRENg Rrdhilalegisedhabvay Radiibkstly iHansarsrieadsheet client

5 compptestioh MM 1R8O REHAIKS JBKS I ERcaViguaNO Culle 1B &I QAdSRERISBWEIto those
application 13. The file server computer 12C may be operative to store and

exckileitil8<$atver application 28 for receiving and responding to requests

for files stored inpthey epesity 162 stehrasimdvorbhapkifudt SHVPE-RHAB04, where
appreciated that the server computers 12A-12C may include other

cortlRrRETds S Pt rRERSAHRR Fa RS ERCDR B SR8 WR 3 iR e the server

skillpglibathe an. iReéeponging\o temisHRE 23cadt st brusing 3@8tvilburce. In
be des,clreiJ%ed iIIustratiéngPa rocess performed by the spreadsheet client

10 ap BREUTHATprBG rSFeA UBIRHAGRY G5 SR g N &R e AT i flata sources
sowsiRaMédewiteading therichscussianiatddriheatoutines pyaseatataeridetcribe the
should be appreciated th tth%Iogic nger tions of various embodiments of,

the"BREREHEARVAPHIGRS ata HptRmBRtERCCE &s & YelfienEe or'Bdiptitatc @ relational
impigmeniag abts PG Mo dlgsitdiving @Ry cenipy g Biyseedf the columns

OS2 R SRR SR AU ST OSSN
15 on the@eriormantéiRenaguiledaentsoofdhe camgitingssystamdnplippieatiog 4 may
the.invention. Accordingly, the logical operations illustrated in FIGURES 3
a8 LR PR L BBOGHL BPSIREDRIA HeHP N O ErBtF s
herein are referrathligeyaiioubbsapeperationsaptalieiusal set by the spreadsheet client
application 4 in an intelligent manner. For instance, with respect to a string data field,
the spreadsheet client application 4 may indicate the default aggregation as being a
20  count. With regard to numeric data fields, the spreadsheet client application 4 may set
the default aggregation to being a sum. Other types of intelligent decisions may be
made by the spreadsheet client application 4 to identify metadata within the workbook 6
and to set properties for the metadata.
From operation 304, the routine 300 continues to operation 306, where
25  the spreadsheet client application 4 determines whether a user has made a request to edit
the metadata generated by the spreadsheet client application 4. As described briefly
above, the spreadsheet client application 4 may provide a user interface for editing the
generated metadata. This may be useful, for instance, to allow a user to override the
intelligent decisions made by the spreadsheet client application 4 when identifying

30  metadata within the workbook 6 and setting various properties on the metadata.
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devices, acts or modules. It will be recognized by one skilled in the art that
these operations, structural devices, acts and modules may be implemented
in software, in 25 firmware, in special purpose digital logic, and any
combination thereof without deviating from the spirit and scope of the

present inventionag§siadonitup, e siaimsnsel Faeh epeieribae: @4BARInes that a

300 begins at gperation 302, where a user utilizes the spreadsheet client

appiddttirie b thhcreifdabhasdaes M pustctarradigestiibBEnsheidrpperation

thesgser maypétiizentneyatieusfasities: avidediicinesareadshiact dlisdtnletadata
| application 4 to create data objects within the workbook including ranges of

celfEOPivBE Yables DORSIHENS UthBYsHecyiRPIEBIENSAT RS adihthe metadata

5 objeetsbd iesdEBEAISO JRaYeMRAHBBKIBMET HRRPEEr e tEIGURETIN Hi6m operation
workbook 6 of a data source 16. The various functions and methodologies

that MialfbEoUtiRs P DAPRE PSP FR QBEFEINCHEN 5 application 4 to create a

workbook 6 are ViTthedyerticnits and yedaknawndetheppliskiltaddidhemities that a
From operation 302, the routine 300 continues to operation 304, where the.

sprégystet AbhihppReiiraga nRehREthd Fhdiadat o6 98 g ) hantinues to

senygdrationlisaioMi 3 iREeRRORHINGHO KRUMRSISIS aatest i WREkhRekdbhast client
a data source. In 10 parti(;%‘!&r, the spreadsheet client application 4 may

10 anaRREeAON dridtd REDY aééteﬁo%&én%aswﬂmﬁ%ﬁ%dwvmlzﬁbwerm?&?ﬁysmg

dater thatwoaybbekusiaed decdeserdaathallyaiabsydaiaus auregsonithin dhser request.
workbook 6. For instance, with relﬁgﬁ%to a relational data source, the

spreadsheet cliehf 4PpIRERBA™) Pt ParRBL UIthE RGFARED gg- Where
thetvariooiksisdh pasRiding dataseuiees continediwibdhe werkpeaikitheet server

With 15 respect to multidimensional data spurces, the spreadsheet client

A GTEHEBHOR iy, (LR HB-SAES, RERRRER). Aot SoRHt g EoaiB for 2 user
15 thecyatinatsddatansgueces: Mabesitalihedoproparies pudyialgorbefsgicby dhiebook 6

spreadsheet client application 4 i%gerg itgtﬁlligent manner. Forirkstance, with

reslﬁlgxt%]él%?r]ﬂ) 8 {ggﬁglapreads e“server computer 12A or programmatically

generating a spreadsheet and sending it to the server computer 12A through the server
application program interface ("API"). When the workbook 6 is published to the
spreadsheet server application 13, the workbook 6 is stored in the repository 14. The

20  spreadsheet server application 13 is also notified of the existence of the workbook 6 and
the various data objects contained with the workbook may then be exposed as server
data sources. It should be appreciated that the user may be permitted to specify which
of the various data objects within the workbook 6 are exposed by the spreadsheet server
application 13 as data sources. Alternatively, all of the data objects within a workbook

25 6 may be exposed as data objects or a user may be permitted to indicate that no data
objects within the workbook 6 are exposed as data sources.

Once the workbook 6 has been propagated to the repository 14 and
analyzed by the spreadsheet server application 13, database client applications, such as
the OLAP client application 8 or the spreadsheet client application 4, may be utilized to

30  query the contents of the workbook 6 as a data source. Additional details regarding the

13



the spreadsheet client application 4 may indicate the default aggregation as
being a 20 count. With regard to numeric data fields, the spreadsheet client
application 4 may set the default aggregation to being a sum. Other types of
intelligent decisions may be made by the spreadsheet client application 4 to

ideptifyim Q‘éﬁféﬁ@lmmﬁdﬂw KH@%@&&BQ&%&%FWG&@&@UWE order to expose

metadata. From operation 304, the routine 300 continues to operation 306,

whie coBteRE Hirdiisrakbenkit 4pidatoroagetapthiifeieaaistruidarggnd to data
hagdnadeacigaegstdR adit thadnetpedia gratARGNLENSSRIBRASHREL to FIGURE

client application 4. As described briefly above, the spreadsheet client.

applichtRh PRIAYBr b TREMAH IR ISR tH 1 Qfehktatdpre it ends.

5 metadata. This npayepgnsselk fey IRsEIRE, W, alloW RHUERIMO ay&TidethRe will be
intelligent decisions made by the spreadsheet client application 4 when

idefERSART 30 MALRNIRG WHAR e WorkbsorasiaARsRGVBYidhS Hhesaditisst client

on ipplneisgataod thi vatiepe@ionRcREedRempialshest aligotiaRRICalioNGURE 4
determines that a request to edit the metadata has been received, the

ro TS SO0 BTRHEAHE D BhErtio! 68! AtSoh BRI 8bEsthanipiastisngpnents for

clientigppliaativotddageiMasReitad neiadataokom thegiseiddntiiusiativech of the
user interface, for permittig&a user to edit the metadata 5 will be described in
r

10 or i ARitai GO W Rt FES p £t th 1 RS AU EFS N BPRIAEDn i dgCthyorkbook 6.

roudisia iapR betes ot eaaiban Bclds 4 atvperiipBSitisthtcgpkeads iigelist box

client application 4 determines that a request to edjt the metadata has not
bech 1EABRIEHSH FSIRIIE SR Varps%vatfl défé‘?l}ﬂgt?ﬁz‘?é{t%ﬁ prgadsheet

thecmetagsincdb generptediyathe, sprereshaat @R Appbcationyéaantonth, and
R § oL AR50y 0 ) Beodh (Lo iGE HERRY amons th
y car i

15 req&@ﬁiusl-ﬁ@m.operatio_n 3102 the routine 300 conti_nues to operation 312,
e e 2 e 1 i o
in ihspeRseotardatigethe order and hierarchy of the fields 34A-34N shown in the list box
32. For instance, the user interface buttons 36A-36D, allow the user to arrange the
various fields up, down, right, or left, respectively. User interface button 36E may be
20  utilized to copy one of the fields 34A-34N and the user interface button 36F may be

utilized to create a new data field.

As also shown in FIGURE 4, one of the fields identified in the list box
32 may be selected by a user and the properties for the field may be shown in the user
interface window 30. For instance, as shown in FIGURE 4, the field 34N representing a
25  zip code has been selected. Accordingly, the field name is displayed utilizing text 38.
The data type and aggregation assigned to the zip code field by the spreadsheet client
application 4 are also shown. A dropdown menu 40A may be provided for changing the
properties of the data type from a number to a string, for instance. Similarly, a
dropdown menu 40B may be provided for allowing a user to change the value of the

30  aggregation field from a sum to a count. It should be appreciated that other types of

14
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15 command or may occur automatically. For instance, publication of the
workbook 6 may include uploading a spreadsheet to the server computer 12A
or programmatically generating a spreadsheet and sending it to the server
computer 12A through the server application program interface ("API").

Wherihe yyerkhenk f4$ Bullishadde theuspraadabaetsaivet aRRU6ANIA0 dther than

the workbook 6 is stored in the repository 14. The 20 spreadsheet server

apphesgichuegatedide Fbtfidtfortre e dstsibedohtie vorkhiok & 4ifd hae completed
varigusgdatReahiasts Loptanadsuisbitaacnikhe ekeiathenibaseRsashsn 44 may

server data sources. It should be appreciated that the user may be permitted
to 5eEisFiRfihcBrHdhs£i308%Gata objects within the workbook 6 are

exposed by the spigadshee aererURIPEcatianuke-aAseatugaeIBRBwill be described
Alternatively, all of the data ob{fgts within a workbook 25 6 may be exposed.

: [ P
as BB ORGP al the sermtibath SHaa RSt ioNdAta fbjseedving and
WitRiBphRINE iR B 1B EXRARSSORT HRE S9WEeSoGI0Ee tTBVRIRROK0B begins at

has been propagated to the repository 14 and analyzed by the spreadsheet

seRRF AR o Parcathic sREad Rt SHBREARBHSA R SE A% hSPVaigHs ranges

apRIGALEDSRE i spieadsiaat wierpagiplisaliondsdnay beaititarddo 3@cording to
guery the contents of thzworkbook 6 as a data source. Additionaléje ails
redRIiR RIS aAb UG SRS he SmIBH biPHHESS pREG dRIResEdeligueh a data

apRisatienoh3niEe i B¥R0se dhe geniehia of the wikibeak!d &sed datAed States
source and to receive anﬂ respond to data source query requests will be

deS A IRPYIEIY FITel W MAT re3pletho TG OREBIE O dpsPayGHnE and
31Z;dheetoting 300t odindes’ tavapdratiogk gids whaip&nes hdraternsingeference.

T o B o e
for whehiaiaus datBoshusersCarithin atamidpiss Ronorkbaaly God-tapdRdd 4itilizing other
Shos e isiece e 3 oo & MIRe e O B e e
thadgisisereh 1o the tQpavadahle igldas3dAaddNiasthe dria 3ppHeason such as the
co iixﬁdci?e}ltg%%?irclé%%% 6dr the spreadsheet client application 4 may discover sources
and 1ssue requests querying the various data sources.
The routine 500 continues from operation 502 to operation 504, where
the spreadsheet server application 13 receives a request to connect to a workbook as a
server data source. For instance, at operation 506, a spreadsheet server application 13
may receive a native query against a data object contained within a range of a
workbook. For instance, the OLAP client application may issue a native OLAP query
to the spreadsheet server application 13. Alternatively, other types of queries may be
issued to the spreadsheet server application 13 such as ODB, ODBC, XML-A, and SQL
queries. Other types of standards for querying a database known to those skilled in the
art may also be utilized.

At operation 508, the spreadsheet server application 13 loads the

workbook 6 containing the data source to which a query has been directed. Once the

15
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Relationships between the various fields 34A-34N may be illustrated within
the list box 32 to indicate the relationships between the various fields
identified by the spreadsheet client application 4. For instance, as shown in
FIGURE 4, the time, year, month, and date fields may be indented from one

aneibason disateis NIy aRapectiBhdR YaneHailds:iEYSIahe$6htine 500

interface buttons 36A-36F may also be provided to allow the user to arrange

theSBRYEHEhAnRASHLIRM oF tHe TBRIE S SBARAHEHISRT e ARitliSaKO82] F Getermines
instanagethBUSSrIBIRTaceRUIRES F6AAR. @Iy ihe Uaer {euaerangsrtiftance, as

various fields up, down, right, or left, respectively. User interface button 36E
maSeBRbed Riis B M5 Qpsrucakhrakiats Balds AN SREPRGe s ARAHERS, such as

butgignReFsmayebes. utilized to create a new data field. As also shown in
FIGURE 4, one of the fields identified in the list box 32 may be selected b

a .
user and the profeftfe® PoFhnRk Iy b sFoms TR URER dpffeteaes: the Toutine

winghob2chey i0Spaadoas showneie f&dpREdhEbestialdrIpNIIaResantif@ries the
a 25 zip code has been selected. Accordingly, the field name is displayed

utilfAg Ess O ThE Bt Bipearirddgreyatibicalighat e the zip b dethis glata is

by tbe:BREBIIheRbLIRIhRPRESAIADH RS GISD3S R oA BEOREOWRIpASRY with the
40A may be provided for changing the properties of the data type from a

nuif5er’ a§?ring, for instance. Similarly, a dropdown menu 40B may be

provided for allowfingtadpseitionciange: the yakimpicthahd aggregativnlielddoes not
from a sum to a count. It should be appreciated that other types of 14 editing
opévg&msarﬁ%%rsa%ém%g%F&Efgﬁomemﬁé? MEHRSCOWiRAYYSS StrctidRn > 14

those dpesirased ia,Fi(e Uhttadsanet daseribpglihatrin. 1W/haealaulaes fascontents of the

conpigceeding g lon 2 iy o Sl Rl e modealors

FIGkIRIB kamillystsative roigtinemoQudll' be dessiibechlilati@tinghtivées spreadsheet

O P e Sy, AR R A P A0 500 continues to
operation 516, where the spreadsheet server application 13 generates a database
representation of the recalculated workbook. In particular, a temporary database
representation, such as a relational database or OLAP cube, is generated by the
spreadsheet server application 13. The database representation is generated temporarily
in order to perform the requested query over the identified data source.

Once the database representation of the requested workbook has been
generated, the routine 500 continues to operation 518, where the spreadsheet server
application 13 performs the requested query on the database representation of the
recalculated workbook. In response to performing the query, a query result is generated
that satisfies the initial query received from the client application. From operation 518,
the routine 500 continues to operation 520, where the spreadsheet server application 13
responds to the original query request with the identified query result. From operation

520, the routine 500 continues to operation 522, where it ends.

16



responding to requests for workbook ranges as data sources. The routine
500 begins at operation 502, where the spreadsheet server application 13
exposes the various ranges of workbooks contained within the repository 14
as server data sources. According to 10 one embodiment of the invention,

the data sourcesgR @xposed %%g%ﬁh?,dﬁtash%%ﬂw%‘éi%ﬁ‘@éﬁﬁﬁf BUENAS various
the one described in the concurrently filed United States Patent application

enfRRPIIRASIOS agetny Ao ppetbdk 2 roraBied o veitig aRBP B MR e Al gcRImPUter-
DataadslEcasediviichvis &yptass i GRIpatadieteinin afereneRok as server data
(Attorney Docket No. 60001.0338USOI). Alternatively, the data sources . .

corfPIFREs: 15RmiaRAVEhEPGoReBHBR S RtARY (riar 804G cmmisiF plescription of

5 expRsachaitidngeathe sy Beshef-anysisseoYeRdntfdages, SHebeasddPMabodiments
Once the spreadsheet server application 13 has exposed the various data

socdRe ABRICRpERRabOAEEN MY EPABIREClPEh i atititeagf igope of the
spriardshes!Eiant applicationd ima disaayeesonuaes aphchiislie requests
querying the various data sources. 20 The routine 500 continues from
operation 502 to operation 504, where the spreadsheet server application 13
receives a request to connect to a workbook as a server data source. For
instance, at operation 506, a spreadsheet server application 13 may receive
a native query against a data object contained within a range of a workbook.
For instance, the OLAP client application may issue a native OLAP query 25
to the spreadsheet server application 13. Alternatively, other types of queries
may be issued to the spreadsheet server application 13 such as ODB,
ODBC, XML-A, and SQL queries. Other types of standards for querying a
database known to those skilled in the art may also be utilized. At operation
508, the spreadsheet server application 13 loads the 30 workbook 6
containing the data source to which a query has been directed. Once the 15
workbook 6 has been loaded by the spreadsheet server application 13, the
routine 500 continues to operation 510, where the spreadsheet server
application 13 determines

17



whether the workbook 6 includes a reference to another data source. For

instance, as described briefly above, the workbook may include a reference

to a data source, such as 5 the data source 16. If the workbook 6 includes a
reference to another data source, the routine 500 branches to operation 512,
wheye (e spyeadsheet server application 13 queries the data source 16 for

any data needed to calculate the workbook 6. Once this data is received by

the spreadsheet server application 13, the workbook 6 is updated with the 10
received data. If Aatrogbratidor SEkPokiig déteroimedshat thevarkbdodoksbadeaser data
nOtSOiQCCIleJ a refer ré%?ntorigpother data source, the routine 500 continues to
operatrioﬁ 4" operaﬁ’on %%‘4, the spreadsheet server application 13
recalculates the carients ofltibasogkiboolitecleil beagprediated thakboek;
recalculation of tlhnerCorg)trclesrét%ot %heu%S workbook may be a "big value-add." A

"big value-add" enapibs sprea Stieet’ talculations in a server data source.

From operation 514, theeraltinetfmh@0lcontigaes to operation 516, where the
spreadsheet server application. 13 GeNGIAICS & dalabase JFARISSENAHARPhunge
the recalculated workbdok. I pgrﬁcu ar, a temporary database £
representation, such asparfetatiogdhdatabasebq®@hyAdhchbeaishgenecatestinption of
the 20 sprﬁgggpﬁg& SEY %naﬁqlci)c(%{gp %3.uThergSautﬁbgr§éa representation is
generatec} temporarlﬁly In order to perl?orr% requéested query over the

identified data source. Onaesthiengaiabaseyeprelentatiopafthe thquestease query.
workbook has been generated, the routine 500 continues to operation 518,

where the spreadsheet server application 13 performs the requested query
on the dathbase T8prESEINGH6 Bithé: SBrHRfemBtEdngorkbook. In response

to performing theygldaiinm & uatHesHt is GRPssRIEshHha! satisiiesthe ik source;
query received from the client application. From operation 518, the routine

500 continues tolBFETBRGTS S26icierBiBIstaY dhdrkbeaRnranitiphicatifRreace to a

respandsoipdbe RigNal HurHnreRdegiidb e idaptified queeidasulio FEMlate the
operat{(%n iZO,éhe routine 500 continues to operation 522, where it ends.
WOrkKoookK; an

recalculating the range utilizing the data retrieved from the data source.

3. The method of Claim 2, wherein the database query is received from an

OLAP client application.

4. A computer-readable medium having computer-executable instructions
stored thereon which, when executed by a computer, will cause the computer to perform

the method of Claim 1.

5. A computer-controlled apparatus capable of performing the method of

Claim 1.
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16 Based on the foregoing, it should be appreciated that the various
embodiments of the invention include a method, system, apparatus, and
computer- readable medium for exposing and utilizing ranges within a
workbook as server data sources. The above specification, examples and
data provide a complete description of 5 the manufacture and use of the
composiiign of the inventipn, Sinee many,emoodiments, of e vention ¢an.. yuy
be made without departing from the sﬁm and scope 0 the invention, the

invemtios, tesiceshisdtbenghaisngzhereinafter appended. 17 WE CLAIM: 1. A

method for exposing the canienis of 3 Warkbook as 8 Sepieh dala, sourcer e ioreq
method comprisi%g: recé%vmg & database querygdlrecte oa range‘(”w?thln g
wothtreokinihud spensetorthie darybradsiculating the range, generating a
database representatign of the recalculated range, performing the requeste

query on the deiua Tep LB ARREIRY FIERIER e TS SR ERIEe o
quesg tesalicard ¢ramsmtting ¢thppgdiagy tresigjt esssdoe gpomse dortireeddttbagects as a
qu%%ezdgth%gplreggoa%gf Claim 1, further comprising: determining whether

the WOrkbook CONtains a reference to a data source; in response to

determining thatphklislorid bk contdinska asferdwecetdadatiata sharcerver computer,
retriq%/eirn fr&l@ &Qt% ggtéi fc' Oaurg:cext%ese%a&? tﬂecs:gr%sear ot0 (1:1 eltcr:lajllsaé[ee:r;[/hedata ources
workbook; and recalcula Ing t?leprange utlﬁzing the data refrieved from the -
data source. 3. The method of Claim 2, wherein the database query is

received from anriLARKGEN @RI¥CETIRMther comprising:

receiving a request from a user to edit the metadata for the one or more
objects; and
in response to the request to edit the metadata, providing a facility for

allowing a user to edit the metadata.

8. A computer-readable medium having computer-executable instructions
stored thereon which, when executed by a computer, will cause the computer to perform

the method of Claim 6.

0. A computer-controlled apparatus capable of performing the method of

Claim 6.
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4. A computer-readable medium having computer-executable instructions
stored thereon which, when executed by a computer, will cause the computer
to perform the method of Claim 1. 5. A computer-controlled apparatus
capable of performing the method of Claim 1. 18 6. A method for exposing
the contents of a workbook as a server data source, the method comprising:

providing g facilty for gutharing,a workbook fiaving, arande stared thereifo oy o o
including one or more data 0 jec?s, g§nerat|ng fetaddta for the oné or more
datobjetisy saiccmdiadatthorcosgdnirgzserver computer in responding to

requests for the gng gt mare 413, oplects 39 2, serer ARIASoNae A, on or
publishing the workbookeand the Metadata to the server computer, w e%‘eBy
thendatadabjedtease exposed at the server computer as server data sources.
7. The method of Clglntan %L{Et[gggtgo{mptrﬁseln%érece|V|ngd%t5e(gbuest from,a use

. enera ofe OT MOIE: €Cts,, sajd me data for
to edit the metaogolta ¥or e one or more ObjeCtS; andeln response to % e

requeshita edit theomptatdaia, rpspondimg & fewjlipstfofoatleving @ usere tdaedibikets as a
metadata § A computer-readable medium having computer-executable

. _server data source; ) ;

instructions  stored thereon which, when executed by a computer, will cause

the computer to peblovinnghbermettibddf Glditnen&adatoin hetservont@ipdter;

apparatus capable o Hlert%nai?ﬂg ‘tﬁe @seaEQOdr%ﬁ(ga{%{%gfc%g; 10. A method for

f
exposing and utiﬁ)z{Pr?é atange withm a workbook as a

receiving a data source query at the server computer referencing data
contained within one of the data objects;

in response to receiving the query, loading the workbook and calculating
the workbook, including calculating the value of the data objects;

generating a database representation of the data objects utilizing the
metadata;

performing the requested query on the database representation of the data

objects to create a query result; and

responding to the query with the query result.

11. The method of Claim 10, further comprising prior to calculating the
workbook:
determining whether the workbook contains a reference to a data source;
in response to determining that that the workbook contains a reference to
a data source, retrieving data from the data source necessary to calculate the workbook;
and
calculating the workbook, including calculating the value of the data

objects in view of the data retrieved from the data source.
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server data source, the method comprising: authoring a workbook having a
range stored therein including one or more data objects; generating
metadata for the one or more data objects, said metadata for use by a server
computer in responding to requests for the one or more data objects as a

server datgpsourge cBHpishIng e Wardnak aadiiemerdaiatediesievREructions

computer; exposing the data objects as server data sources; receiving a

datgethhereemiyhitiny Rehvar ey Rditer serRuisEny st harTRRLGmperform
onghefihRendatsr ehigeisipin response to receiving the query, loading the

workbook and calculating the workbook, including calculating the value of

the data objects; generating a database representation of the data objects

utilizing thE3. metadatenpeciocminglibé asppuasiedapsbiy of fieefdatalznske method of
repé?gi%ltﬁ)tion of the data objects to create a query result; and responding to

the query with the query result. 11. The method of Claim 10, further

comprising prior to calculating the workbook: determining whether the

workbook contains a reference to a data source; in response to determining

that that the workbook contains a reference to a data source, retrieving data

from the data source necessary to calculate the workbook; and calculating

the workbook, including calculating the value of the data objects in view of

the data retrieved from the data source. 20 12. A computer-readable medium
having computer-executable instructions
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stored thereon which, when executed by a computer, will cause the computer
to perform the method of Claim 10. 13. A computer-controlled apparatus
capable of performing the method of Claim 10. 21 14. A system for exposing
and utilizing a range within a workbook as a server data source, the system
comprising: a client computer operative to execute a spreadsheet application

program fof authoring, &, wprkboolchaving,ong or mare randes neluding e, o
or more data objecst%, fhe spreagsﬁegt appllcaho rogra% R er operative

to pablishliresaork) dokststasesugrsomgputer; and a server computer

operaive (o execule & servey program for exposing e, data obieels:cuion program
contained in the WorkDoOK 45 Server data sources andior recelvin%p anolt prog
responditigptog)ueny sgduestshdinagtethto dherseevernggta isolrdieg. tbe Tinemore data
system of Claim 14, wherein the spreadsheet application program is . further
o S I SR B € Gorbook
mote sty abjestpysajcdmdetadata for use by the server computer in

responding to_reguests {91, Ons,or, MAE, data qiecls. 32 SEIVel 08tRc v posing the
sources. 16. The sygem of Elaim fg wherein the Sprea sﬁge(t)%\praicatioﬁ g
protp@anobgedisritvertopedativ érto podiideka fFacititycfod eHowingea asédrfio edicthmg and
metadatanid,d DSAYSISMal Glaim 4%, fuiher, comprisinga second client
compﬂ?er o%eraﬂlve to execute an appqication program for issuing queries

against a server data source, and wherein the server program is further

operative {g recejyR apddiasponthia a4dxiabaseRbepyHaR e SaceRd bt ram is
computer to the server data source. 18. The system of Claim 17, wherein

resPEHEIn R Hidati gseekie Yot tnB S eaRRavEIik Bsmperiereinpridhs:one or
recalgrdlaling tigeverkie@kmetadata for use by the server computer in responding to

requests for the one or more data objects as server data sources.

16.  The system of Claim 15, wherein the spreadsheet application program is

further operative to provide a facility for allowing a user to edit the metadata.

17. The system of Claim 16, further comprising a second client computer
operative to execute an application program for issuing queries against a server data
source, and wherein the server program is further operative to receive and respond to a

database query from the second client computer to the server data source.

18. The system of Claim 17, wherein responding to a database query from
the second client computer comprises:
recalculating the workbook;
generating a database representation of the recalculated workbook;
performing the requested query on the database representation of the

recalculated workbook to obtain a query result; and
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generating a database representation of the recalculated workbook;
performing the requested query on the database representation of the
recalculated workbook to obtain a query result; and 22 transmitting the query
result to the second client computer as a response to the database query.

19. The system @fagdaimiAS (HNQIEH FQSRORAINGsER chdIARRASE AR HOMesponse
the second client computer further comprises: determining whether the

wolRBBORXRSG S Yeference to a data source; in response to determining
that the workbook contains a reference to a data source, retrieving from the

data sourgg the daia,ecessapi g caleulate e workhaok, anracaloyiaing. o,
the workbook utilizin é datare rlevé&Vrom It]he 3aPa source. 6. alsﬁé1 ry
systemecob@laiheit S ovipeteirfutibeappligatian:executing on the second client

computer Comprﬁggr%'}n%ba\‘)!?hggh%?[tﬁg Q)(I)Crﬁgg&( ggntains a reference to a data source;
g

in response to determining that the workbook contains a reference to a
data source, retrieving from the data source the data necessary to calculate the
workbook; and

recalculating the workbook utilizing the data retrieved from the data

source.

20. The system of Claim 19, wherein the application executing on the second

client computer comprises an OLAP client application.
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