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MUCTT DI VENST ONAL  STORAGE MODEL AND METHOD TECHNI CAL FI ELD OF THE | NVENTI ON
This invention relates generally to the field of analytical data {3 JAN 2004
processing, and nore particularly to a multidi nmensi onal storage nodel and
net hod y§@ps 4484 Ness 5 intelligence portals and other dat PGHEWVEEMg tool s.
BACK ND OF THE | NVENTI ON Busi ness intelligence systens began largely as
deci si on support systens (DSS) and execufive information 10 systens (EIS).
Deci si on support systens (DSS) and, executive information systens (EIS) -
wer e val ue added systens that provided additional information from existing
-Qn-line transactional processi WFEL AarPwsimess i ntelligence
. gystens devel oped, &%Eﬁ‘lﬁi@g?‘g?g%%?%i on g’uppor?@system (DSS)
functionality with executive information system (EI'S) functionality, and

~added on-line analytical processi nﬁvé;O_AP}\] t ool s and managenent reporting

t ool s. TheseHyloALd FIRID RS THE ef Jﬁmig_systems were gradually noved from

‘a main 20 frame _environnment. to i_stdd buled rsanver £deskitop femiid ovdent - t o
al | ow greater (g a&@é?é{]l\%nr e%reg‘c‘;%nt I y% the advent of centralized data

war ehousegrl%qq(ﬂq;@lrmatas;ahapeoeéeatiacj,a andnmaxe | ReFEASEIPT Xvattabl e data
wai ting to beanalyzed, exploited and 2 istrdb oM t4hP Business '
or gani zat imenl.t SUoteRiat anddr eHois®ES® aﬁ‘axg%fa%lrdt s{dgﬁoa/ever, were typically
optim zed f Q{eiﬂg?éﬁ@ igBrGShEV%)ﬂ Alther ddwn grerssetidna®Oobf ocessing.  As
a r«?sult, ata war ehouses, and datamarts offered only limted solutions for
turning stored data 30 into useful and strategic tactical information.

Duri ng ri 3 JAN 200 '1%%%1'3&37 US00/ 20691 this sane tinme, business
intelli ge%w%rﬁm > by offering sophisticated analysis
tools for anal ygi;Bgnkakge anoeht sgehcst orsxbtiaor faEPBR t o 3 H5part

effective planning and decisi on maki ng wi{hipian,.o Qfgan zahf&PmaSuch
“anal ysi s t@etssprayitRPYYT bF¥PHESS | ﬁ?élé\ﬂi égﬁce% syst ens i ncl ude

mul t i di mens;j dat 13!}.513_68 t hgbcakhow Usepdir viewetans andP§se and
[ ntiebsect [ %ﬁgg%giswee% ata in different di rre\r;gi gps wérgr opggﬁwbwi Lhada
traditi onabxeuhitiidienensi et Hak a SUBESTShowevel, 'S that the size of the
data cubes can increase ver ey, adHiQWdHRL O Lerfoamagviem huddeeds of
times the SYFESHS t hé?%atori éllr%g,:l at abaase.l This is becayse the data cubes
usual |y haygiad igeonirbee ofahsbersevelopsodfasiin 51T AXE " These
empty InterseCtrigB gﬂSigéggediggeiTgég%k% systems developed, they

15 integrated decision support system (DSS) functionality
with executive information system (EIS) functionality,
and added on-line analytical processing (OLAP) tools and
management reporting tools. These hybrid business
intelligence systems were gradually moved from a main-

20 frame environment to a distributed server/desktop
environment- to-allow greater user access.

More Trecently, the advent of centralized data
warehouses and datamarts have created a dramatic increase
in available data waiting to be analyzed, exploited and

25 distributed within an organization. such data warehouses
and datamarts, however, were typically optimized for

information delivery rather than transactional

processing. As a result, data warehouses_and datamarts

offered only limited solutions for turning stored data

30 into useful and strategic tactical information. During



that the correspondi ng data does not intersect. Another problemwth

traditional data cubes is that they are closed with all cal cul ati ons bei ng
predefined, precal cul'ated and stored as part of the data cube. Agl 8 2AN 2004
result, if a user requests new cal cul ati ons that were not antici pated .
during &f émjebion of a data cube, the whole cube nust be rgegsoaetad and
regener at ed. 1 3 JAN 2004 WD 01/09727 5 10 15 20 25 30 SUMVARY OF THE
| NVENTI ON PC f/ USOOl 20691 The present ipvention provides a
mul ti di nensi onal storage nodel and nethod that substantially elimnates or
reduces di sadvantages and probl ens associated with previous systens and
thods. In particular, the | tjdi mensional _storage nmodel utilizes
on- spar s&HrThitat urlel ™ mi APF2eSE helRFSe1IBERGEel SHH GBT t?%?’i?e?he
nodel uses,,afhaRak-&r %SA tSEE & End O AW Cid Ledk @t 1293 i He tdbyradi gakl y
perfornmed "after the nodel is conStructed. In accordance wth one enbodi nent
of the pregentyihvenipgae anaintisli aenstongd sinkeeahdadl YhcPFUBRSTE  set
of non-spar ntries faor_ e of pl Lty _of di i ONS,; nops,spar se
entries eaeci ef,c}elrff’léf y I;alngnar}::l'ii}go%i ataé% da?ég\%lgltiég. Aﬁ%gt‘?L ?%J:‘ i ﬁrtletr iehrrengirl onal
links i s ppoyiegat dboneach non-sparse entry. The interdi mensional |inks
each identify an intersection between_non-sparse e%tri es_in dgggz%%%ts%
di mensi ons ‘and oFPect iRV SHent i £P°48 i nPEPYESFCons B¥t weeR“RSASSET se
entries injthe ol gEASLONSsMNEL SRETHAECAUM idTmaesobHdanceiat s hcabes
particul ar enbodi ment of ‘the 'present invention, the links are ,
bi di recti onbkt andlibw nowesisar & entev esaNfcl adé Ly 35oi mtBFEr§eCReOns
‘associ ated_data val ye._In _thi heg . Lpents, A h tddi j onal
st orage rmd%% w%%%/{ |éln% %dgna §2§§§?e§%| c%}rg%r;e)gg!\?gﬁues é)r%arrgg;allécﬂl g;?re&?
di nensi on. tFaabteahell atad ivalnengiepiLds edvitsa acubkse atovwavent eisedtiadn
bet ween non-sparse -entries in_disparate dinensions. Technical adv%rlt ages of

the presenEPEnv®is of nEP%déiaﬁraovFHgﬁﬁ SRR npr SR Busiiess idtel 'idgence
portal thab g{fihgl &Y |¥Yerk epF€8QRHLS HilldiedTRS| eNAEsdatR size of the.

original database. This is Dbecause the data cubes
usually have a 1large number of intersections. with no
15 . value. These empty intersections are stored to indicate
that the corfesponding data does not intersect. Another

problem with traditional data cubes is that they are

closed with all calculations being predefined,
precalculated and stored as part of the data cube. As a
20 result, if a user requests new calculations that were not

anticipated during definition of a data cube, the whole

cube must be recalculated and regenerated.




1 .1 3 JAN 2004 ', WO QL!09727 4 PCT/US0O0/ 20691 for analysis by a user. The
mul ti di mensi onal storage nodel provides interactive pivot views, ﬂ?t QAN 2?04
drilling for high and Iow |l evel | analysis and dynam c calcul atio of dat a
intersections. 5 Another technical advantage of the preseRj. QPN
i ncl ude¥PPP i ng an efficient multidinensional storage 2055}61{%.\5@/?(?‘6'99
parti-cul ar, the nultidi nmensional storage nodel utilizes a non-sparse
architecture to mnimze systemresources necessary to generate and store
the nodel. The 10 reduced size of the nodel inproves processing tinmes and
allows efficient pivot and drill operations during data analysis. , Still
anot her teshwisal @eHvEREagEVANTIDE present invention includes providing an
i‘mproved nultidi nensional 15 _storal?e nodel

hay] . 35 gbi .
particul ar, theThal tPEEFRRSI OTAI® b?%gg%\éfc%{égg g Mf@léﬁﬁghlgﬁgha&e n

el "al l ows additiona

cal cul ati 0§ t9gRerBaEROLIR idiRsa tieatiodabskantdnstryce biminatasr esul t, a
user can create new cal culations to analyze data intersect. g:nsdthq,&t\p{ere
not 20 antrefpaced dif$advaneades gi mdld dePFALIOIF of AWEMSHS" Thi's
reduces tinme and resq e ee t t piven anshefithlaper attihens.

Ot he techRF?XImg&van%;S;te%n%f i g p?‘gggﬁ){a%ir nvent i on vr\tngalll be readily
apparent t ewara dskiensddrial t hecardgd r onp@51t hatfig|y z%e ngdf | FEPeSPIrse
description, and clai ns. BRI EF.-DESCRI PTI O NGSLFRIE 8 e

conpl et e URFERIEESHTG d1° tH Presant F n\%ﬁtgi:g-r?_ignn% its S?\I}a%tdgges_,
reference ig,NowdRde;d0s 39nt Bgehoblrening ctents ipbi ahlbakealiowlednjuret i on
wi th the acconpanyi ng draw ngs, wherein |ike regerence ﬂumeraé iepre%ant

li ke parts,tdn Wei chdynamigaJAK QuPar ¥@¥DeP09727 8T c~FRFSONABY i FIGURE 1
is a block dia ramtielzéustrati ng a business intelligence portal in
accdr’dance St otie €fbodi nent of the present invention;

in accordance with one embodiment of the present

invention, a multidimensional storage model includes a

set of non-sparse entries for each of a plurality of

dimensions. ~The non-sparse entries each identify an
15 ~ associated data value. A set of interdimensional links
is provided for each non-sparse entry. The

interdimensional 1links each identify an intersection

between non-sparse entries in disparate dimensions and

collectively identify all intersections between non-
20 - sparse entries in the dimensions.

More specifically, in accordance with a particular
embodiment of the present invention, the links are Dbi-
directional and. the non-sparse entries include a‘innter
to the associated data value. In this and other

25 embodiments, the multidimensional storage wmodel may
include a set . of calculated values for a calculated
dimension. BEach calculated value represents a value at
an intersection between non-sparse entries in disparate
dimensions.

30 Technical advantages of the present invention
include providing an improved business intelligence

portal that efficiently represents multidimensional data



FIGURE 2 is a flowdiagramillustrating a nethod for 5 initializing the

busi ness intelligence portal of FIGURE 1 in accordance with one eqbfﬂggﬁgh ‘
a U l' |

of the present invention; FIGURE 3 is a flow diagramillustrating
for ge ' predefined query nodels in the business 10 j | Lgence
portalngp%ikggﬁE 1 in accordance with one enbodi nent of tﬂgﬂﬁgggéﬁgl
invention, FIGURE 4 is a flow diagramillustrating a nethod for) deploying
and maintaining client applications in tHe business intelligence portal of
FIGURE 1 in accordance 15 with one enbodi nent of the present invention; . '
FIGURE 5 is a flowdiagramillustrating a nethod for generating and
execut i ng famuenglysdel biased orsexr pred€heneduytédymendélonial astorddnace
w th one i nent. of the_present. inventipn; .20 Fl E 6.] .hlo

ﬁgﬁgﬁ rov1ées bt i8§%§£%W%e%%%%€aVIews'(%g%a drf}?#g%uﬁ T in

di agram i i hg opera r “quér'y engi né" o

accor dancéiwH hande lewbotetrent xfalei preagentdynuanti e FhARE Inssofa flow

diagramil]ustrating operation of the nodul ar query engine of FIGURE 6 in
accordanc@QH%f%%ﬁ??ﬁ%FEhﬁBﬁknent_of the present invention, FIGURE 8 is a
bl ok di agram il hstdAt {BGnA Lt | divEgshgnak sStags - 8Bdat i Rvagegrdance
wi th one enbodi ment of the present i1nvention; FIGURE 9 is a block diagram
i1l ustratiinglextepl pryv3d@ide aahorefithieceht i diukerisiiorens semrhgetosdek of -
FI GURE 8; =3 J 2004 VO 011 09727 PC TI_USQ0l 2069 aJ [ | ow
diagramilW?%ﬁfatﬁﬁﬁ R4t ?ﬁi%?ﬂ é%ﬁe?ggfa§%qﬁ?%ﬁl?%%iﬁggg%%ﬁaﬁogﬁgrage
model of RIARESsi m acuet dapsesy t Aronecemhadiererio omithieipreeseistem
invention;, 5 FIGURE 11 is a screen diagramillustrating a diﬁggay o%

rel ated vidRROPFCEReNFELERGNY0 (7 FPEERELE PRAGTR anERSWPHSone The

enbogli ment, of, L8g RHEIENSFi RYRNIhBHe1 ANGIH REE b2 Jce 151 e€imdl agnam
‘illustrating w ndow 10 tabs for navigating between related views in

accor dancea W ows ord fanbiothtrepti vott t &ed pidesient Ppeeatiioms DEFALpEDdata
DESCRI'PTI QN Qf THE INVENTION FIGURE 1 illustrates a business intelligence
portal 15 A¢*=YR*3¢cordance with one embodi nent of the present inventi-on.

General |y descrgbed] thfobusirnesschitieldl gerBarpidal dP pieyvi geesent
i ntegrated data access and information sharing across an enterprise,

> as
vel | “as sopRYSRFéaped NAHUILH nRRSY bAANTamdl ySTRT P¥BHs MUtrd SAgsi ¥ ool
are; 20 hi gty ayLomihsdednd ayihbi veaho abbow a dide;tsngerel usersd o

utillze stored Information in making strategic decisions. In this way, the
busi ness ipaethicgéace patteal rl( trekimeérzesodati sEbpragepomodsdnefdltlowsser s

receive fromytheir date,, hile, b meipg the £opt gf J4ml.eneaLi ng.and
is constructed. As a result, a user can create new
calculations to analyze data intersections that were not
20 anticipated during the original definition of the model.
This reduces time and resources needed to support pivot

and drill operations.
Other technical advantages of the present invention
will be readily apparent to one skilled in the art from

25 the following figures, description, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present

invention and its advantages, reference is now made to

30 the following description taken in conjunction with the
accompanying drawings,: wherein 1like reference numerals

represent like parts, in which:

|




25 admi nistrating the system In the enbodinent illustrated by FI GURE 1,

the business intelligence portal 10 inplenents a three-tier distryg gugm 2004
architecture conprising a database tier 12, a server tier 14, and a client

tier Iqxg%q@%zed by one or 30 nore networks 18. The servectasdoziehbeEnt
tiers 1 are Java-based. to support the Internet communication

protocol (TCP/IP), multiple client and server platforns, ,~ 3 JAN Q004 W

O 01 /0972? 7 PC fNSOOI 20691 pool ed connéctions to a wide variety of .data
sources, and conplete scalability of the portal 10 across an enterprise. In
addi tion, the Java-based server_and client tie .4 _apd_| 6 _prQvl open
APl architect uFEBRBal il i gRl9kd&PeaAE ahijf’flﬁﬁﬁ?%ﬁgl o&épﬂg%%és]si ng
‘Structured dat.a .i a as; yeb L el Ugd tis edndatetbollignent of

! 185 Y5 b8 dURRle U :
cli entﬁserl\?erel?ll_e S%;:%I?%él g%gr%riprl,lses accorrpany Intranet while the
server/ datrialasaawsmor kn¥8nitioinudes portions of public and private
networks. It will be 10 unders

d gn BYsj iy el 1 | 10
may be inpl emert €4°REi Ag iGt }%rglg%owtébg‘érggeﬁgﬁ%&mfr@ el lhaense perta

a architectures, progranmm ng
| anguages, ; ;and; i pksngReher gl nes &1 GUREL 1 geheedatcaiyasle @f eFIGPRENE| udes

one or nore databases 20. As described in nore detail .15 hel o
dat abases 20 apreceadrnSGos¥dtds PGl | mm% t aPhs a%é t\r,:%rléggg}:mati on
necessary {Igl)vgg@g?ﬁt, to the database 20, including the database |ogin. The

use of database ali'ases prevents direct user access to the nat %vg (iiatrabase
in order to mai RIGURE Ik istagEloy fnagrerp ldatsbedlel3d. 2 FOFTPRE +°

illustrative enbodi ment, the_databases h bg, anynhJdavaudahakase
connect i on9¢BEBEF 16 ot ET eaépﬁaasguceo neg?‘%sgﬁg ODBC) conpliant dat abase, .

as ygl | as;gcsyht sl dabareanchens e I@URIat anein . ag§oTHanser vettli nel4
includes one or nore servers 30. The servers 30 each conprise a set of
" Java- basedeappbiceritorsf ttee BHEASBPEr AP¥ ST & ¥ f erent platforms. As

descri bed in nor (ﬂfé ii ?gl QWi 1t e SE{YEA 801 pseykdenti ar arechiodalfoxr
security, centralized admnistration, fast 30 nultithreaded pool ed data

access, andeplldyiidigrensi@nahaidatainnabysicd iegt t RPPEISHSLNT nt'dl | i'gEhce
portal lo.bué&éiéfNig%giligence portal of FIGURE 1 in accordance

15 with one embodiment of the present invention; _

FIGURE 5 is a flow diagram illustrating a method for
generating and executing a query model Dbased on a
predefined gquery model in accordance with one embodiment
of the present invention;

20 FIGURE 6 is a block diagram illustrating operation
of the modular gquery engine of FIGURE 1 in accordance
with one embodiment of the present invention;

FIGURE. 7 is a flow diagram illustrating operation of
the modular query engine of FIGURE 6 in accordance with

25 one embodiment of the present invention;

FIGURE 8 is a block diagram illustrating a
multidimensional storage model in accordance with one
-émbodiment of the present invention;

FIGURE 9 is a block diagram illustrating exemplary
30 data for the multidimensional storage model of FIGURE 8;




WO 01/ 09727 PCT/ US00/ 20691 8 The, server 30 includes a catalog 32, a

catal og. manager 34, a security manager 36, a query generator 38,

dat abase access system 40, a cache manager 42, a nulti di nensi onail goééN ZUWF
manager 44, and a. client 5 adm nistrator 46. The catal og Sédo%s012! |
confi guM@P¥RY7 docunent's, and work products created by admnistrators and
users of the. business intelligence portal 10. This centralize s managenent
of docunents, elininates redundant and ot dated copies residing on 10
client systens, allows docunents to be shared across an enterprise, and
provi des continual security for the docunents. The catal og manager 34
~manages al | shapeduRRf of oratiisona wifliain dhegsemverl Bostratingl de MatdsrSt ood
t’hat such configurations, documents]t, and wor k rgr dugt s 15 .may, ot W se
sui tabl y sforedgangrakiiged WHS him R T nt%ﬁ)l-g nce portal 10. The
‘catal og 32?&88&%':0'%5 i‘?ﬂ%&éoi@éﬁcga&ﬁ@ﬁsénél caERM BBnWSer phef idmssa,
security groups 54, and predefined query nodels 56 configured by a system
adm ni stratexen2@obhe catal og 32 al so includes one or nore portfolios 58
that store related_views 60 created by Mfsg i QECW Usdyl a
descPi bed, the g&t%e”alf%s%ssg6eggnfi§ﬁ%%ﬁq n ortrrra#éﬁénecessa%%o
connect t o drhe datahasesy28ws Thenusenhef phetdatlabaseotl | BE6YRED pr eviet s
direct user 25 database access to maintain data.,integrity,.i ive

dat abases 2@camflangdeswiEhpess tﬁr@ocf%‘rm%-?gcmecaﬁ’gﬁiﬁ § E@%%ﬁhéccess
corporate %arl{da wi thout fear of corruption. In addition, the database

al i ases 50 al'so serve to pool connections to the physical databases_ 20 30
and thereby red RECURE nuenbés of darebased bamnaBt i OnFerRt+Bd t¥180BBort a
| arge nunber of clients.. ~WO 01/09727 9 ~ CE Q~spores8hndhe
usegriopr of i Ite%b%zgg&ﬁlﬂvelr??ﬁ%lre\gs%ggiw c r%%%%%%l p%?"l%&élae%gs for a user and
one Or NDr g, S@EUshé YeghodRfebd bd Whiecbraseser ihaseracicess. The user
-profiles 52 are generated and nai ntai ned by a system adm nistrator. The 5
security groups 54 inplenent a hierarchical security nbodel with security
rights and poiyi) eges-asshgnedn @reagh giRumbropy a system adninistrator.
An adm ni stﬁ?ef—setmﬁ-t-y—grcmp—r‘s—m‘dvﬁfédml ow adm ni strators fl.i| I
access to the syBLEURE ncl itllngtiotper mi d8iiResd 88 ldddIICS aRGTG8l et e
security groups, 54 and user profiles 52 in m ~Fherfbnab SeeuWt ty
ri ght® and pPi VPPeg‘%‘éc?ﬁaf‘nﬁgus‘ﬁ?‘Lﬁnh%’??tseﬁgd?ﬁéﬁgni 8%-. B?bhig or her

i ndi vi dual §j,ghhs ;s defdietin, tdesesasedr obhleeusd rarwk t heteldhoense each
security group 54 to 15 which he or she belongs. In this ‘¥\B¥hf%§‘g‘%f%ir°% of
syst em f eat ppetailo Wsareeyidednt REEPEALERr 88GR ATEE M ve 'isé 6

per m ssions, . Or .privi , [ ign Qfe M t BRel dophamtseardd y
groups 54 orshlarlf ?’\% d%léf?g%%eré,%r%ﬂtlgg?rg%.%'mﬁg, whi | e adn‘i.n?strators may
have the 20mabiclidiyedres icomaiecantbydasabasds .20 Bhd ag@los il BPR LSS
power users might not have this perm ssion. Lnste p . dise drave
acced38 to ahA@NLY AAigeCBREASt 2 %hatVSis R €6l Iaalglgjr“ét ?\gﬁ{lﬁa%églg}? whi | e
i nformati on CRASUNELS yraY 4 Ysberahl arfermat and adaptaking strategic

decisions. In this way, the business intelligence portal

10 maximizes decision support benefits users receive from
their data, while minimizing the cost of implementing and

25 administrating the system. |
In the embodiment illustrated by FIGURE 1, the
business intelligence portal 10 implements a three-tier
distributed architecture comprising a database tier 12, a
server tier 14, and a client tier 16 connected by one or
30 more networks 18. The server and client tiers 14 and 16
are Java-based to support the Internet communication

protocol (TCcp/IP), multiple client and server platforms,




25 reports or charts that were previously defined by an adm ni strator or |
power user. The predefined query nodels 56 are self-contained Iogiggl JAN 7004
nodel s of particul ar databases that are established to nake query eatlon

by |l ess technical 30 users easily and intuitive. The pred
model s 3O PUPYREr abstract data from a database 20, exposi r%lr)‘g%q &H? ose

portions of the database 20 that is rel evant ~ 3 ~a~ zoo4 WO 01 /09727 10
PCT/ US00/ 20691 to the group or groups of 7users who will use the particul ar
gquery nodel 56. The predefined query nodels 56 include relevant tables from
a dat abase, fields wthin the database tables, and |inks between the ‘
~'g)at abase 5pbahkas chfedragpideio defuinde avaueeyy dife qatmzleéonedequerapdmdel s
"B6 formthe basis for al|l queries created by users:L {’ihls vvaé/é 3

pr edef i nedcguEer¢tRodePcBE2RbREFYI s Athe BREme®TTA any1 at &HasE°20 t5’\/\h| ch
any partic B f userg Wiy ac Aradehskan, skeidie and
predefi nedg'(kqlger"@ﬁrtl els 5 %estadllr&glﬁ)%nec%g%ssni that nmay restrict the type
of queriescliiant. cairebe laadedyléanprgrode ¢t usErd. AR parchdiestiiTe

mschanlsms f| ne the ter SQUIG JVEL NS, can be
used>t o exé&ddtte %ﬁewyes glﬁﬁgng#ov%%?e%j%mcﬁél e%%/veen 152{ able s r%éc:)
prevent r UMk WedBlda®a0Usnquaktebatbat ascowkdli mpact m:a@nuntagrredy of

t he business intelligence portal 10. The portfolios 58 provide a fil

system f or dateri ng Tserckient EREBYeHDREEHEE Kyi Eihs COTPTIT Fdft |C°mp€i‘%y 20
internally generale s 6Pnel NeRALf@li 08258 Mayciiogkudes futcpxdepl e,

vi ews 60 of processi ng docunents, spread sheet docunents, and web
pages. The gsxm*ttjf@ﬁs os>f58pabéleacekn® coripEiel hietecsdifabl e & r¥itdring a
col l ection of _views r el at set s a. [ 8L, may
be st%r ed dfl?%%’fﬁloﬁﬁ?tﬁ Tt t}% P?%ngs gfll ée’gat&o %%%ﬁajc'l)t %\gf |§1)yt he
portfolio 5& Aqe@a__%“teqltteh;a pasihgl | et i s sietterbiined anclestedt ished
-security paranmeters for_users and additiopally by the creators of the views
60 in the 3rPB¥IFOLNe E8ngpagdefe BRBodLRERL, users never see portfolios 58

to V\'E' ch they dopppL Dayg RECeSTURE M| &IRS- aida8ddit tarr tIe pecliiakos 58
may be

one or more databases 20. As described in more detail
15 _ below, the databases 20 are each exposed as an alias that
contains all the information necessary to connect to the

database 20, including the database login. The use of

database aliases prevents direct user access to the
native database in order to maintain the integrity in the
20 database 20. For the illustrative embodiment, the
databases 20 may each be any Java database connection

(JDBC) or object database connection (ODBC) compliant

database, . as well as a suitable data warehouse oOr
datamart.

25 The server tier 14 includes one Or more SEervers 30. |
The servers 30 each comprise a set of Java-based
applications that can operate on different platforms. As ‘
described in more detail below, the servers 30 provide
hierarchical security, centralized administration, fast }

30 multithreaded pooled data access, and multidimensional

data analysis for the business intelligence portal 10.




1 3 JAN 2004 WD 01/09727 Pcr/usoono691 11 custom zed to provide automatic
notification to associ ated users when views 60 within the portfolicangg hzmﬁ
been updated or otherwi se nodified. In this way, security is nmade’i gr

to the gperation of the system5 which facilitates collaboration and '
i nfor e ON®Pring within an enterprise. The views 60 pr RGdESWRL!f or
displaying a wide variety of formats, such as, for exanple, tables, graphs,
reports, pivots, and web pages. The views860 rmay be 10 either live views
“representing current data or snapshot views of data at a particul ar point
in tine. In addition, as described in nore detail below, |ive views 60 may
“be schedul ed torhe upgdaved ambomphitaldey ak regitladiod nter,valas, capdaied when
‘first opened, and the 15 like. Snapshot views 60 may-be set to overwite
prior snapddRSesr 3fe & eWEURLEEqIRTRIVT . 36 sndp AT 0r IEBEFBTEF vifews 60
for histor)cal, @Blysi Sacdbgsvi 6Y8cGh ang PO [ Qlgs Sthaaldie saued,
privately by a user or may be distributed or shared anbng one or nore ,
security gmelpsd2@ebsdivoaflaci miodatle coldretmemat i ot .and adeti sizon wdkiemg. The
security manager 36 nages security_in the_ pusiness.intelligence pgrtal

10. Tn parti@ Péﬁgr?gg’rsecﬁre’l'ty MRNaYeT . S%a‘?ﬁiPﬁdeSBEr edesftio%éeg se&cjirli ty
tasks for geneighiragiang,Mmiastanbnke Usehdpraiid eprbiuaitd 20regecadi by
groups 54. The security manager 36 al so provides a security hierarchy that
al l ows use?d@%8#§F§§tG?2fSané“%ecHisieﬁF gPups 54 PYSERRES t 1Bk 858 S rom
parent cl Inghis wWay,o a syt Ao, ni n Si i sh
and mai nta %ggééur?% for t se busi n%?s 30 irﬁﬁ%%ﬁ%ﬁ% pcgi?t gdéi%grﬁbjl' 3 JAN
Z004 WO 0l £D9M27aPEE USG@ 20801t ~ and12cThdagadr y cgpremsat oteB8limpviades

graphi cal views of database el.ementg to assist_system.adm ni strators and
pQV\EB user §i?ﬁn5‘ef§¥ﬁ‘?ﬁf““? heag&é)r"? naang‘eﬁ%s TH& %?edserfal%ee% %Egrgﬁsrmadjel s 56
each defi nenthepdalaaseaii coppectices, tdundamay obetabliey afdrcoldms
exposed fromthe database, the allowable join types and conbjnati ons,

met adat a, BREBHENHE -goveFPRr SathECE| Mg Hr HtheMghieses Tht! prattshed
query nodel;s (36.can e | atgl,adapt e Andy used byr@ |21 g€ HeANGM s SEI S o
perform safe, secure 10 queries. The database access system 40 i ncl udes
functi onal ithptandusbf taanfifgorasdoessi ngosndequey,yi agdt heodht abesbsc2® and

for _returnin uer esul.ts to the. server 30.for .mani pul ation al yisi s,
and *Peport | g %ileu E&‘?.r-wllé‘(?r ?'ﬁéti’%ﬁ?’l 1TRIT ST e @ ENISH AERT, wtlftlgﬁ at%%ase
access systRmiHedclHder pgameeypeetaduher. 72, an SQL generator 74, a

connecti on manager 76, and a Java dat abase connection(JDBC) 78. _ .
The catalog 32 includes one or more database aliases

50, user profiles 52, security groups 54, and predefined
query models 56 configured by a system administrator.
20 The catalog 32 also includes one or more portfolios 58
that store related views 60 created by a system user. As
previously described, the database aliases 50 contain all
information necessary to connect to the databases 20.
The use of the database aliases 50 prevents direct user
25 database access to maintain data integrity in the native
databases 20 and makes it possible for non-technical
users to safely access corporate data without fear of
corruption. In addition, the database aliases 50 also
serve to pool connections to the physical databases 20
30 and thereby reduce the number of database connections

required to sﬁpport a large number of clients.




The query scheduler 72 initiates schedul ed queries. 20 As previously

di scussed, any view 60, including the data and cal cul ati ons contained in
the view 60, can be set to refresh fromthe database 20 accordi ngltd JAN 2004
sever al { i ncluding specific time schedules. This al i 60 to
be easi I‘?/Brdé@?éghed to reflect the current 25 state of thepggpgo% Wﬁsers
.to always work with the nost up-to-date information. In addition, snapshot
views 60 can be automatically scheduled t@ create an historical repository
of snapshot views 60 based on the sane query. Thus, for exanple, a view 60
_may be schedul ed for updates 30 at 10: 00 p.m every Mnday, Wdnesday, and
Friday and aut orfiitd casey pirefiillest &k teach gdelipnef ausmes ifiir arangs cff
portfolio 58.. . WD 01109727 13 ~ 3_J N 7004 i Pg}'éU§%%|u%0§91 S%']_l})eu Q< 4
generat or PF recSided 18Er Sadipted®BF GRSdaph €8°hGery idders $rOma user
and gener ates @hiext ual uESQr quesy dtedxecutTion hgetheptonneesi G2 nEnager
76. In this way, query nodels which _are graphically 5 displayed and edited
by 'users &SRR PR IR IYRERRRdPY0 FexeXTt 8Bl 8FdrdFALE S st r uERT ons
and @ereaféésulez@futgpoaags alyl OWS QKGR USET haleh AbleEal NfoeaRtion
consuners wth little or ho progranmm ng knowl edge to fully use and benefit
from the busideeks viirtle| ISeganciec 10 pightd BOd | provd ledssdi ReRfignede 8oL,
generator 74 includes_ di al speci fi_c generators_an rse tr to
generat e t HEText (FHOEL. %e %al o sp&itic. geﬁgﬁgtnggs&ggroggspond %g t he.
di fferent ty@esnDétdatabasese@@ribyaccpsses bysor psedidadconmect abhowith
the business intelligence portal 10. The di al og-specific enerat?r% may

i ncl ude, f@dBkRhpFEaterscl &1 iSyha’eCePB2, t&’n_dgazl\lﬁ S@Y%%?fgr at OPS+UFHes
connggtion 96L AT RELIMES, tRsbval, SQhaure D seauest éf@ﬁ%éhgzlSQ-
generator 74 and communicate s with the databases 20 to performthe.
request ed caedi eserhrmugfilae Savalnathbasty semect iToe (ngB@ $8CUratt¥he

illustrated_enbodi nent.. the; connection er, | .ude | ar .query
engi ne 80 i’ﬁ%‘?u&snsn n I?lﬁjt\élr]rle%%ﬁt %%?ttasaeggg§98§n§%?l§% isablfeargggf aéé?g;
drivers 84.ofshdescetbed ninaieidekal | rbghow, atshedefiaedr iiversh84ueach
execute a predefined database operation. The intel I_igent dat aset 82 selects

and orders BEPAIYEPVES B8BAf 1R t htINFBr &y RCMeBESEIATYt FPEH or'tn &Cquery
request. As, g, ERSHE! o304t 3l ccess, MBiNodg.@r eeﬁﬁ?ﬁ%ﬁédbieéﬁﬂ\@/\g he

3 AShgd
dat aset .need not be custom zed ?o? each appl i cation. JAN 20
0l /09727 14fPETLUSE0LI2069ders is controlled through the extensive use

of permissions, or privileges, which are assigned or

withheld from security groups 54 or individual user

profiles 52. Thus, while administrators may have the
20 .ability to connect to databases 20 and add or delete
users, power users might not have this permission.

Instead, power users may have access to a full range of
data analysis and collaboration. features, while
information consumers may only be able to run and adapt

25 reports or charts that were previously defined by an
administrator or power user.

The predefined query models 56 are self-contained
logical models of particular databases that are
established to make query creation by less technical

30 users easily and intuitive. The predefined query models
56 further abstract data from a database 20, exposing

only those portions of the database 20 that ig relevant




The cache _manager 42 include s a cache 90 having a plurality of pages 92

and a process thread 94. The cache manager 42 recelves data extracted from
the databases 20 in response to query requests and feeds them ihtjo JANe 2804

pages 92: The cache nmanager 42 runs asynchronously with the process thread .

94 dri viwortsd2tache 90 to feed data into the pages 92. | trawmbsdookzes91
understood that data may be otherw se suitably received, stored, and
initially processed by the server 30. 10 jlhe nul tidi mensi onal nodel manager
44 generates and mani pul ates mul tidi mensi onal storage nodels 100. As
described in nore detail below, the nultidinensional storage nodel 100
‘ytilizes on: spar chitect to mAim fhe.siz th d 100. .
“-#he reducgﬁgsiEggofaﬁgﬁgheckbdéﬁ&ﬁgﬁ i%%?o&§§§ﬁ?o§g§§iﬁﬁl %négsgﬁd%%Floms
ef ficient pavoicabdrdraddrppendeilorns dur ithg datedefibhydi s;uddy addikiien, the
nodel 100 gses aE épen rchitecture to aILOM/caI%EIation ., to be dypamcally
performed 2Pt ePCtHESHTFHSVRRE el eonsFriictedatabagero Tirtds , wasBrE can

create newgal cyhahibane @ ANalyze Lo a1l Sefdd s t hahe Weige ABhse
anticipated during the original definition of the nodels |00. This reduces
ti m® and resblesesthebdetogotbappotef piwota anuedyi-l | opbeatboadef2bethe
client admhistr r .46 oyi des central -paint - fro ich_the rtal 10
mnages. ol PLREY AAEeIE X (Ere R TS CPRERE S Ard s UE o0 Aas o

zer oadm ni skeati.on arehi tBekur @ayyhat t gt opeedefd hyd narages depbieynests of
client applications to maxim ze user 30 perforpance and m ninize network
traffic, mﬁPPEr83§urFﬂ§ t W%R%%tlgpp??%aﬁﬁﬁﬁggﬁ¥b aPway &gﬁdsbyapﬁé

clients.  pMO-9LL8AL27:dE 5rIANL004,POTI HRYR12068Jhe. Gl i gabithen,16

includes a plurality of clients 110. The clients 110 may be local to or
rerfl e frokRheasiresidferneddaukeyseaodsl 3006 | asbabléabodiammnishe thiadnt s

110 provide_all__access, including system.adm.nistratjon, t rver
30. As pre%ﬁguﬁgf(ﬁiﬁ§i%% ,%XPF cieﬁﬁeﬁ%ﬁfféﬁééigéé gféﬁg%% rgﬁléﬁwby a
robust setgebupew® sssafs. St bhegagpitheaser vee 3:cHerivmssi gasiaee tdreant ed
to both individual users and security groups of users. In this way, the

robust funPEFSANM t GOBPUERE 18°BGYFRESs | P el9VFIMY Hor tF290 G be

appropri at gkygcqnd rokbedeand Het fied AUt fQ3ahh 10wdBeES AS19SSpEhGeen
enterprise wthout seem ng overconplex to | ess technical, users. The client

11 OL% ncl udeebdesl | Mt PRVl amgnaavwdygr aphi waligiensi ntwefrdes (GURAE 114.

In the illustrated ' e iment, the _client_110.is .designe Lth _al
conponentscﬁgﬂ g 5@93CE?§.e%,lgFe§5§5ybé>nSFh?nhpﬁﬁgegﬁgoagﬁé%ﬁ}gggce
descri bed parene wdetail below, the client 110 identifies its conponents
when establishiggla 20 connection with the server 30. This _allows efficient
adni ni stration dP& et fehios1G8amravhtdyrat fbhSoFYAIE™ | bkl storing

functional iy NE@eLRe S| %ﬁrﬂt o#‘:ginéae' 7iEhLeNdo APl 12 conpnd;sgs, a &st,
.0.- Java classes that define how the chent 110 conmuni cates wth the 25
ser¥er 30. iBécause the génendt APl vid@s al $ows @ny Jeevrat prégosm 58 may

communi cate w.th, the server 30, .an enterprise.my efficiently add _.
addi ti onal TP&USSm cap8bi | EPEPor YRS | eﬁ?s bfo, word"" protessing

documents, spread sheet documents, and web pages. The
portfolios 58 are each a compound file capable of
restoring a collection of views 60 or other related sets

25 of data. The views 60 may be stored directly within the
portfolio 58 or linked to each other in the portfolio 58.

Acéess to the portfolios 58 1is determined by

established security parameters for users and
additionally by the creators of the wviews 60 1in the

30 portfolio 58. In one embodiment, users never see

portfolios 58 to which they do not Thave access

privileges. In addition, the portfolios 58 may be




The graphical user interface 114 includes a set of 30 adm nistration panels
116, a set of user panels 118, a set of w zards 120, a query congo3etAN 2204
a set of viewers 124, and a property inspector 126. The 1 3 JAN 2D0 WO

0I/0972(vgﬁwhb§90/20691 , 16 admi nistrative and user pa”elﬁcﬁ%gm?ﬂgyﬂl8

provi de graphical displays for guiding adm nistrators and users ough
their respective operations. The w zards 120 divide creation processes into
one 5 or nore |logical steps and guide adnihi strations and users t hrough t he
creation process. This assists novice users and other information consuners
without detailed progranm ng know edge in perform ng queries and anal yzi ng
hesults: loustowiwey, akb usepsowiddi n aptenesisr i sen@fef 19a5BPa t o to
‘efficiently use.the business intelligence portal .10 e nidngf ul
data and t%@?%ﬁ/afﬁﬂr oveSt Rei' At o4 Ysopseofaf”:igkllv%\n t%ﬁﬁ n‘ggﬁ%%ggéi séeg.g L
‘The query goyROSRen22papeed i 658 Whtkeewdalsd wodesibdom Ehatthilbstwant,i ve
data to display, and how it is to 15 be stored. The query_conposer 122
provi des asg§FuphivalisiBafef 1pLegerindd® et yoﬁﬁc’f@ltslg%’G ‘%/% EPPo YRS to

ntugtivel y, ynder 85 and; andeal tes) 1 s Rdebs Shd 0 i$dritdte sn paHd ciiar

needs. I n one enbodinent, the query conposer 122 allows users to only see
t hose dat awekdientas: 2Zhterariwelel 56 to which they have privileges. The
query conposer

122 saves user edits.qQf a,predefine el .5 a
user - adapt ed qué n8&§W812§0th8f°Xé ebéi%% oé%%% g%ﬂgﬁ%¥%§§§ut%d6%§§?he
server 30. vEhe othewsy fA2Amsteat esca aenbimat iommbl dat aavilews Urdphs,
tabl es, graphs, reports, pivots, web pages, and the |ike. The viewer 124
al | ows userEPeEtEasi Py vekist.chapfomeihy PASER -60 oFPYatd e afy ofRér Bfid to

sor oand. Tidille a1 8o TRE 4 15 oB0CBACANSO dor £2RO! (Rt OoHTMndbhot
publication on a web server or For sharing in the catal og 30 32. As
previ ousl y viescy i befd, dta vaewsa60panyibeliarvepedrdnagshottsimes ews B0 or

Gser o own S0 0¥ 00757 S 0r SN B0 T TREOH1 J0RUL 2ot ar'aq ar CAC4%. may
be distribuyed mpd shar edcreBnve@neror Ber eupaatkid y sgraups: bdalby at
facilitate col |l aborati on and deci si on naki ng. )
' _regular intervals, updated when first opened, and the
15 like. - Snapshot views 60 may be set to overwrite prior
snapshots or to create a sequence of snapshot or rollover -
views 60 for historical analysis. The views 60 and
portfolios 58 can be saved privately by a user or may be
distributed or shared among one or more security groups
20 5S4 to facilitate collaboration and decision making.

The security manager 36 manages security in the
business intelligence portal 10. In particular, the
security manager. 36 includes predefined security tasks
for generating and maintaining user profiles 52 and

25 security groups 54. The security manager 36 also
provides a security hierarchy that allows user profiles
62 and security groups 54 to inherit privileges from
parent classes. In this way, a system administrator can
easily establish and maintain security for the business

30 intelligence portal 10.




Wthin the viewer 124, a table viewer 130 displays 5 information as a

series of colums and rows. A table view typically serves as a startin

poi nt for devel opi ng i deas because it provides. an overall idea ofl BO\AXN 2004
i nf or maty ' rgani zed. In the table view, users can add fjlters. add ‘
cal cul atggbfl{()?lzgs, and add summary and 10 subtotal infor matfid| .SO&GP‘E?rlms can
be rearranged, hidden, and otherw se nodified. Content can be sorted and ,
viewed .- at different levels. A report viéwer 132 displays data in a report
format. A report view provides a robust, banded report 15 format and
facilitates automatic report generation and distribution. Users can freely
~drrange fields &hg¢ cplerysdemearntion eB&ctpvevideshigmpliesaln wiesws obfa

report whi i.ng I tions, subt.otals roupi ngs, headers, footers,
titles, anggérﬁgg %csgilf%'lék%dsr apit vf"g\ﬁelrStiBEYd?%%Taﬁ%%bﬁtﬁ?éﬁgsof aﬁ‘gta in
a w de var petgrof udeRsand 3- A Hrmphg. These guempt snaayl é ncseide, foRe
exanpl e, bar, pie,. line, scatter,_ and radar graphs Wiile working:.with a

graph, : us&r§deaRethai®he BaphSt ypE oFaEhnt difiing fihe erdngabase,

usi ng a subgehed? ith t I § Qi k t @f@?d ht,l g%qu:pé@é : . The
graph view can al so be%lé;nggggg% ?%e%faiy, yggélr F:é%g%e records ?%&3
different &hgerdatabawsd! abeclngwablae jghapht ypepernidessomb pryoiousewer
136 provid ivot. vie i splayi ng_30 mul tidinensional,. or cubed, data

al ong mul t?‘%Itgd\él?r?éns?%gn%&ﬁ‘ﬁ?sggl\’gg\ﬂs?russ’er%né oaglllagssarﬁ?rditc i AFGF¥at i on
al ong di spahat eoxkdefhbheds quergai fodel kersmt canl 5 JAN: 200444 4 09437

PCT/ US00/ 2065%#e 8 perspectives on the activities and performance of an
enterpriset ]lvaﬁt WAEER sapper Ehiuserehtes PerEPEm miiatiepl eS8FHERSI ons
whi alp al | owgeds@les to performdrilldown, drill-up and drill-through

anal ysis. As described 5 in nore detail below, the nultidinmensional views
are generated fTom tdret xeds¢ darersisorst s senr 4ge imydeldeR)0f urcthiongéstyi ewer
138 provideg a built-in, .crossplatformweb browses. Tg}]s 6}%)4 o% users to
access wor KT datct P HRd %D BT 107 ePRGE BITTREPANSF Ce AT BIHERT 52210

Reports or =0 ecbs createdihg oifheryVieusutan beoexqyes t et HINo f ebr
posting to websites or display through the browses interface. The property

i nspect or  TFEVAYIGHS! User 30RS YEREngE A SEPRPIFAGEIRY e4SETEf - a TaFt FBEI ar
views | n one 1158Hadi ML od {ife RE OPEL LY Hi‘é@gﬁra%% 1§@cle§sm)g9|§%§§m- hp this

embodi ment, the property inspector |26 applies the changes while on the
screen to adlrfdowdesers tquexpersamrduilrveth i f f emensQbordenpratdons/anda

attributes before closing the property inspector 122. 20 Toget he t he
client 110 Céar{ﬂlescg:rl\f)er? BO%l?fnat busi’ifess i r?tr@tl i génce pdrfal 1 aééﬁaﬁe

strat egi c |atatedta v Em@y prese i nformation structure and provides a
single point of entry for integrated query, reporting, and anal ysis which
are inherently &t®endNBr¥ fsihefwiere FangelPhiategsschedradisgueraes.

puSINEsS | ML P1IPNGESPYT bdlschE Y, DEnlULe,) NEEIT AR RAESS AD dara
enterprise, the portal 10 facilitates routine enterprise-w de anal ysis
delivery amhdhaalaglationtormattiadmedisia tésultied a6opproanpdopl sewi thin an

enterprise wllhe able to nuke geoar and 30 productive use of datg, hat

options, including specific time schedules. This allows
views 60 to be eésily refreshed to reflect the current
25 state of the data and users to always work with the most
up-to-date information. In addition, snapshot views 60
can be automatically scheduled to create an historical
repository of snapshot views 60 based on the same query.
Thus, for example, a view 60 may be scheduled for updates
30 at 10:00 p.m. every Monday, Wednesday, and Friday and
automatically distributed to a group of users via a

shared portfolio 58.




WO 01/09727 19 1 3 JAN QU004 PCT/ US00/ 20691 FIGURE 2 is a flow di agram

illustrating a nmethod for initializing the business intelligence portal 10
in accordance with one enbodi nent of the present invention. Referqiyg]AN) 2004
FI GURE ?‘Y é%ngft hod begins at step 200 in 5 which a system adm ni strator
defines TROVUTEl profiles 52. As previously described, thePGRESIORE} | es 52
provi de perm ssions for users to utilize features within the system Next,
at step 202a the system admini strator deflithes security groups 54. As

previ ously described, 10 final security rights and privileges that a user
~inherits are the union of his or her individual rights as defined in the
~yser profiles 5Thand sdie rgghésadbbreacht secacéiyegr oupsdd- A@apbeah ke or
‘she bel ongs. Proceeding to ste 04, the system adm ni strator 15 generates
a dat abase“BRF8% f@g‘eéé(ch fe d&Tbades URET TrRPdat d588& 34iSSasés 50
prevent di EegtudIeISCALGRES O dNCa LAt IDASASHYN tPled ol fe 8BE Bhakf idfed
integrity and to nmake it possible for non-technical users to safely access
corporate data witthotibiifeavapf eIt impdelFhewho cliat abgsegzkiphdenldlyso
serve to p tJ ons hysical t ) 0 t herehy .r educe
t he %unberag% pg%?;ééggsé@%;oen&n%cﬁ]gbng ér{%l‘c;'u%lgr(‘;31 %t %Q%t?ppao%fcgfggr ﬁgmr\(uén%éarcpof
clients 1160. Nexécutbbltep R20Hmbddwe sSysisemuatnionsst r aim 2%hgererfateas t he
pr edefi ned _guer del g - 56 ing the query generator 38. The predefined
query modef egéxfgtrdﬁ%lt%ea]gf%wgn‘?@v?‘aeauﬁﬁ Sb SR WAPER TRIRF 1on
particul ar csglsupleriserstw | hibave aggesse I;[B‘régﬁaﬁ\an% t ke, Rrededd ned, query
nodel s 56 restrict the types of queries that can be 38 execut ed and defi ne
t he maxi nufédyputise rasdureesefhat Emambetigedowsingesut antied lggerias and
the,gl | owabl g 411 13 JAN Q004 WO 01109727 PCT/ US00/ 20691 j oi ns bet ween
tables to prevent run-away or malicious queries. Step 206 |leads to the end
of the process yn woneh ¢hsodyséerm adrhei HQlat gensatarap the hHugilnekss 5
intelligence portal 10 for use within an enterprise. As part of the setup

process, pErASS oSSt Hue PSSP I e P8 hafe bel dEBLRR it 9T dérCto
control aceeseraitd dild ribetion oprdat anw i dPessysi en: HE@REDrds a

flow diagramillustrating a nmethod for 10 generating the predefined query
nodel s 56 CRTFEERNUthcet i t hhene dfifstianint oypede miesedatiahases oR0 I n

(1 om0 Bl spes | 8 SiLagn U T LIEIBAeL | B o Sty gk 1o
di spl ayed tigltbﬂltjt@mq/est poradm rii st r atTHe t difaaeigl-ist;ﬁﬁ@g@e%@dmérst he
query rTDde'mafgfainclude, for example, Oracle, Sybase, DB2, and MS SQL
generators.
The connection manager 76 receives textual SQL query
20 requests from the SQL generator 74 and communicates with
the databases 20 td perform the requested queries through
the Java database connection (JDBC)  78. In the
illustrated embodiment, the connection manager includes a
modular query engine 80 including an intelligent dataset
25 82 and a library of data drivers 84. As described in
more detail below, the data drivers 84 each execute a
predefined database operation. ‘The intelligent dataset
82 selects and orders data drivers 84 from the library as
necessary to perform a query request. As a result,

30 database access methods are standardized and the dataset

need not be customized for each application.




Referring to FIGURE 3, the nethod begins at step 220 in which the query
generator 38 automatically identifies and displays to a system

adninistrator the tables and 20 col ums of a database 20 fol ASh Zﬂmlquery

istob ed. Next, at step 222, the system adm nistr . selects a
subset gwyatﬁﬂg‘h?gbl es and colums for a predefined query mﬁgﬁ'ﬂg’g‘?’mwl

Proceeding to decisional step- 224, the query 25 generator 38 determ nes
whet her the database 20 has full foreign kBy (FK)/prinmary key (PK)
information. Full foreign key/primary key information allows data in
~disparate tables to be automatically |inked. Accordingly, if the database
20 includes ful Théorasgre 30akegepr | #ar yirkeyuded oenetache t9e Negibgarch of

deci sional _ste 4 | eads to step.226 in _which child tahles e
aut omat i caﬁ)flf/r?l?ll%égdo(?opﬁgreégntgfaﬁflésai REO8E S5t etg@f?% d 4'V\Dafr6’f/(§§‘ﬁ*/e 21 1
3 JAN 2004n&6T4&I50Q020605e Dies Y daRee| es0brast 89 then! ofied gRakayhpesnary key
information. Step 226 leads to the end of the process. At this point, the
predef i ned*YuéSFRASIRT 56 cAHEBY¥ sESSHSHF Sf Lﬁfrt?cﬁerfe&ﬂsc stEgm benkadensy t he
system adm,pisLr abor . e Ian i §H0 tep, ' | fiqnreign
key/gri ma?ﬂ))/ %%/ ?tr21f or n@?(?otﬁg?geng?&g%%@faghﬂ%sz %yﬁggﬁghkg%g e@glgrgnal
step 224 |ehesprocdss stlonahdstodp @28wing déw scanhe Sept@28ecetihaapseery
gener at or et.erm nes_ whet her |l .prinmary. k i nformpation i,s 10 .
avai | abl e ?gt(:)gn tEE\ee c%?%%%sgtzzo. %’Eoﬁl itorof uPﬁr\l‘-FsﬁﬂOﬁg?E ﬁgydlaﬁiaor“}ﬁ%i on
al l ows parpst etideehiked tablieably beedelieldd neddyreai datahase diadil=g 1search.
Accordingly, if full primary key information is available, the Yes branch
of deci si ORBAPCSEER DY ItARISR7_¥ ep0226 where the 15 database table search

i's pgrforned toggt erm : ' tablg f1er okhe Rarent d
child tables are deter rmgﬁélﬁﬁgégﬁggquﬁ%m??caéﬁfl%Zﬁk % t(:écl; g%%eraar?g t he
predef i nednguepylaveel 561l thkimersednatd guerpgendsiodels t HEID be sad=ed or

further edijted by the .system 20 admi njstrator. Returning. t.o.decisional step
228, 1t fuPTSBFLRERy KBy IS mETON T o Not SWoai FABI o™ tic NS HIATH bf
deci si onal ssbepgd28&nd@ats 110w decisiobal St aPn23parte deetsniieBak ustep 230,

t he query generator determ nes 25 whether_uni gue i ndex information ggabl e
of identifPrRgMBELeithantleni Pd 81 a8odsl akfP-abl ¢ r RALFEdd Stidsaset 20.

I f sdch unigue ipdex | nf o mat] [ va] e Yes hranghy of,deglsi onal
step 230. Ieags to stepnIZ26. %?Bgfbg%sgzgﬂ,gt e%lnrlg ueg?n ex i?#aor rraaﬁi on is
used to seafchc3enthe gdawvalbaseahdr pdarebl anspbehatilohabl eSurThe quiste

generator 38 then e}uto tical ldyi |.inks child acg%bﬁarent t abl es aEr? %eneelgate
the predef PREGYGdSry nodd SETFHED: 1 B9HAT O O1/'99927 P
PCT/ US0012@¢8hitecture to allow calculations to  be dynamically
‘performed after the model has been constructed. As a
20 result, users can create new calculations to analyze data
intersections that were not anticipated during the
original definition of the models 100. This reduces time
and resources needed to support pivot and drill
operations.
25 The client administrator 46 provides a central point
from which the portal 10 manages client administration.
- The client administrator 46 provides é zero-
administration architecture that automatically manages
deployment of <client applications to maximize user
30 performance and minimize network traffic, while assuring

the latest applications are always used by the clients.




predefined query nodel may then be saved or further edited by the system

adm nistrator. Returning to decisional step 230, if unique index
information is not available fromthe database 20, the No igﬁmﬂmm
deci sional step 230 leads to step 232. At step 232, the sydt

adm ni swoan@p72ranual |y identifies and links child and par BET/USa#s206%1 t o
generate the predefined query nodel 56. In this-way, the predefined query
nodel s 56; are to the extent possible, aytomatically generated 10 with

m nimal adm nistrator interaction. It will be understood that database
tabl es and other elenents may be otherwi se suitably linked. FIGURE 4 is a

flow diagramil]ustratin . h f.qr yLn /i Nt akni li.ent
.'Appl ications i h"lhfS %@%%rrlgaﬁ:cle@w ?% ()l(rglleczlceEl osgi ‘lﬁe tﬁ%%]t fp?gsgr}?ei%r?\?enti on. -
In this enhodi menie «lientsappbi eati tres lavealcend rat| yedepkoyfedmardch

mai ntai ned fromthe server 30 using a_thin boot, s rag Eppl %t tq]at its
initiallyoSded PYohhFosE=Iar 19 assél L5 HPIRE e Fent P8p 5 i ¢t ons to
the client 120 JA0,i 4kt anit hiScedd! up@nadand Osybeehl iRiirseidmariomre done
automatically by the server 30 upon initiation of a new session by the
cliént 11G0o Pahe cfemvrr i Adt-al | A8 MY epHMel Pr 6esqiridsthel ddés Dovifitoadi ng
a manifest file_listing _all name s o of Lall dul a

resour ces 1olnd a EPP%&%O%TO. %?aergfj?%(}to\gql?ﬁw 4, at hergn%%%d g%gi nsrbqfat step
250 in whigdyt srlevegonnaciian oo t hResesaeve80 3%. nadeebyishéovki eane 110.

- At step 252, the_boot strap agent on_the client 110 transmts the user's

mani f est f97a%%At he FPier vaAizgdual. yseXaNABFo LSO bt Fho P3PS ©

PCT/ US00/ 29@97.23 Praceedi B9 49y St he254otiRe Seuner i3Rhaqanpar es tdtee
versions of all nodules and resources listed in the nanifest file to

curitent vevssomesef t hetedliespesdi n®Potads i 1Q he iser veiPREPPRE 2GR si onal
step 256, the 5 seryer d rnines et SOME Qie@ld of-thesnmoduyles or
resour ces %?rétléﬁfg% edaggseg‘tegr?ge% (?\(I)é{r?r:pa%?{son. | f ssoma or %II of the
nodul es orefespprees arierirdasedmihhe oves dumericdk of oddeissi ohafhsiepl 256

| eads to step 2S8. At step 2S8, the server 30 generates an increnental
update 10 #8f*Fhe client 110. The increnental update includes only the

modul es that negft o.be-ypdajed. Nexiuddk Siep1266nttepsenver anansaits
the,. increnental update to the client 110. At steE 262, the_client 110
8

updses es t hersbhéntlsiweempphteatiooes HBEEY 3A415 t AR it ehbhV&FT8bEAte. At
step 264 , a new session_js then |aunc for th to-date cLient
110. Returﬁf“ﬁagllg‘e gci sighgl s(fei;lperg%& q‘ﬁ;& no%% o?détlﬁggéf?entﬂg%pl i cati ons
are out dat edmpbhenNe bpanal afawdecipsiceral, sbep 26 ake@rnseads ko shép 264

in which a new session is 20 launched. In this way, the server 30.
det er ni neseMReEiIMENtanyAS BYBFELPEEr 1FaTRTE éiz%téas’)l ak?%f%‘ﬁt - Bﬁ?dg?é?nt

m ssing, o 1%b5°J[c§’é§t§E'9 tLhen; sel e%%wn)éng@he§hghe Xt 661 i s esat o t he
user's nmachine along w th-an updat ed rmanifest. As a result, users never
haveot o mapoalnertion with the server 30. This allows efficient
administration of the <client 110 and integration of
additional functionality into the client 110.
The. client API 112 comprises a set..of. Java classes
that define how the client 110 communicates with the
25 server 30. Because the client API 112 allows any Java
program to communicate with the server 30, an enterprise
may efficiently add additional, custom capabilities for
its clients 110.
The graphical user interface 114 includes a set of
30 administration panels 116, a set of user panels 118, a

set of wizards 120, a gquery composer 122, a set of

viewers 124, and a property inspector 126. The




25 update client software and are able to easily roam between different

work stations to log on without requiring their applications and data T1Tes
to be reinstalled on each station. In addition, the client 1Jf0 mlﬁ] S

qui ckly. and is always up-to-date while 30 adm nistration is_o% I A ,
mai nt ai "W BAF27et work traffic is mninized. WO 01/ 09727p@¥usochosdyN Q004 -
PCT/ US00/ 20691 FIGURE 5 is a flow diagramillustrating a nethod for

adapti ng and executing a query node | basgg on a predefined query nodel 56
i n accordance with one enbodi nent of the present invention. In this

enbodi nment, 5 predefined query nodels 56 are generated and nai ntai ned on

the server _30;RY <23 A4 Ni sLrato d hded us u reguest. and
“Yerificati Sn 8P gccggzg pé:i viitulrlgge{slfe’g ef g%ﬁi\é%g t(%tlgl 5, P?ﬁe ﬁ%?ﬁ%éﬂebegi ns
at step 288riaphikiadh dhepleyeerf@d neddings admaglestatonm andenskars 10 a

pr edefi ned uerg rmg)%l, 56. Next, at step 282, the server determ nes an
accessi bl ethPP bn Be ithe §7Ree FR Ol Y1 Ablel 56 based on the user's

privileges. Theraecesshbhlasporid oBil$da R Pf ptBecguery fmdsl R t hat
may .be viewed by the user. In.a particular 15 enbodi nent, the accessible

portPon of ofh@opicededd el qatepsmadd 954 denyadaligy ferathoper andnusknshe

query node i .tabl y ser._Determnatjon of the accessible paortion
of the prehg?iglﬁégl q%ééf)ycl;:mg)%te:l 56 prrl;aoyC Y& 'acg%ir‘nlfi gﬁesﬁsbys det er 7t nithg the
user's priandegestiey he XFf oesyi omwdel canshihden dekethbatng tibeadaqeessi bl e
portion based on the user' rivileges. In determning the _accessible

S
portion of PERE*HIEYET H@%Oﬁ&gﬁgemaepegéprm&gsm%l% HaY aredYderst mine

a protect egeRntison ofnthRiRr ¢A¢l i ned queny 3m v1del 3 96ndbeppi akechiyve
portion is the remaining or othér suitable portion of the predefined query

nmodéP 56. APleese i BédirAemsly desai théebowinese quersl tiupposer pd22 aday
proni bi ¢ oqt e otk Ssio bkPRaREs 0 Bk BT R Bt et Ve Py Sasdel
WO 01/ 09723r2a of operation within an enterprise. '
The gquery composer 122 specifies where data comes
from, what substantive data to display, and how it is to
15 be stored. The query composer 122 provides a graphical
view of predefined query models 56 to allow users to
intuitively understand and alter the models 56 to suit
their particular needs. In one embodiment, the query
composer 122 allows users to only see those data elements
20 in a model 56 to which they have privileges. The query
composer 122 saves user edits of a predefined gquery model
56 as a user-adapted query model 128 that can be uploaded
to and executed by the server 30.
The viewer 124 creates a combination of data views
25 for tables, graphs, reports, pivots, web pages, and the
like. The viewer 124 allows users to easily switch from
any view 60 of data to any other and to sort and filter
data. The views 60 can also be exported to HTML for
publication on a web server or for sharing in the catalog
30 32. As previously described, data views 60 may be live
or snapshots. Views 60 or portfolios 58 of views 60 can

be saved privately within an individual wuser's own




1 3 JAN 7004 PCT/US00/20691 Next., at step 284, the server 30 downl oads the

predefined query nodel 56 to the client 110. At step 286, the query
conposer 122 displays the accessible portion of the predefinﬁ% Fngmﬁode
56 to the user. In 5 one enbodi ment, the query conposer 122 Ui¥s ysTa

gr aphi cO WA Df accessible data el enents defining the pP&d&f$08286%4uery

~nmodel 56. In displaying the accessible portion, the query conposer 122 nay .

conceal the protected portion of the predefined query nodel 56 to prevent
10 editing and/or view ng of that portion. Proceeding to step 288, the
guery conposer 122 receives user edits to the predefined query nodel 56.)
~User edits.dmy1bgchude tdie agledld o o r dssebactinen ohadabiakassnd abhes,
colums in the database tables, and 15 joins between the database tables.
Next, at S2®eprRI® , SehuTrdter yJxewpdssd 189 darreihitatg wetlaaptEdoguery

nodel 128 base n r I to the accessible portion of the predefined
query nndé?ggégegisgﬁgpmggé%gfhe user adapted query nodel 128 is uploaded to

the server 30 fwitROnexdoutidaweAt 19Hep 294ablllee BGwgendrdt odigplays

autonaticallg gener ates a dat abase qu%ry bfsed'on t he user-ad tgdbguery
node? . .:. IDBOTMAFRHENGA/AZHAsSHUETS Clconpt PERE 2RextTd1® 'sQL ‘t haf®¢in be

execut ed by, tfie (¢onreaionsdBASEehs7E tdt 25 P&y f pbimthe tieayvebopshep 296,
the server 30 recCeives the results of the query. As Ereviously descri bed,
the query iéeabtsbmaausd tidl| ypsewidgsi n athe Reey@t130 I8ea heoEackheow
manager 42. Proceeding to LSk | st . e, query j-acludes
nultidinenépgﬁﬁpagggpy§%%,g?ﬁéﬁ$g§8bran§§ gggdé%%%%%ngﬁggéeﬁﬁgggglé%gg to
step 300 i agahifcil wera) t hdbdnensliconalt<d of agédspdednd 08dids gemeaayedrishsed
on _ WO 01109727 26 1 ~ JAN 2004 PCJ/ US00/ 20691 the resulés. AL, gtep 302,
t helful ti dPHBRSIEA Al T oRfe Model CIBBPE G88d H Jedier a2 r vor 295 |

through, ands0tdigfe MiQWS ASA{LOMESt edoRYehhe cusebe Radti &d Ngnto vdesieai onal
step 298, if 5 multidinensional analysis is not indicated, the No branch of
deci si onal ast &fd ffegdrdadevwal st ep 304 in which requested single dinensional

views are genergted based aon the q res o St 302 and 3 1 | ead
%ep Iseé%v.retAt viewer ule,{é/ (?Jpé%%%}fs 8Q§a _?En g:l Q'%&g%g{)

to decisional s ecl sional ste the server 10 30 m nes
whet her the&diseit.adapt etbgpier yviedelprt28 ded | a beobtsted handedt erepause. | f
the user desires to save the query nodel 128, the Yes branch of decig&onal

st ep>306 .| éadato sPep §681-?'ﬁt%?%/h TRECTRETY ORI s SEREFLTHR et ed

portfolio 58 Af HhR USRI OF BsdPsSEEUh t ¥ @AYp SBrianybi cliikhaidiseindas
access., Step 308 ' and the No branch of decisional step 306 each lead to
deci si onal =tlepu8d0.inAt ageciBtenattivep 3udphifalsed§8idBo Wee¥r nPhes?

vheter the Uer Ve | 316t Q. PR A S5hE> SRABISL o LS TgE O
headers, footers, titles, and graphics.

20 A graph viewer 134 displays graph views of data in a
wide variety of 2-D and 3-D formats. These formats may
include, for example, bar, pie, line, scatter, and radar
graphs.... While working.with a graph, users_canAchange the
graph type or contents by filtering data, using a subset

25 of the original data, and draw multidimensional data.
The graph view can also be changed on the fly, by sorting
the records in a different order, as well as changing the
graph properties.

A pivot viewer 136 provides pivot views displaying

30 multidimensional, or cubed, data along multiple
dimensions. This allows users to slice and dice

information along disparate dimensions to gain different




results as a snapshot, the Yes branch of decisional step 310 leads to step

312 in which the query results are stored to a selected portfalio 58. Step-
312 leads to the end of the process by which a predefined qubﬁyJANdémﬂ‘tSG- 25
i's provigedherd user for adaptation and custom zation. The predefined -
query nodel 56 is displayed and altered using a graphical W E02068

el enments. This facilitates robust data anal ysis by all users and all ows

novi ce users to effectively use avail abl el®nformation to 30 inprove
operations within their organization. ~-3 JAN 2004 WO 01/097z7 _

PCT/ US00/ 20691 27 FIGURE 6 is a block diagramillustrating details of the
query engi Rergpertizesor dancehw t hotrier ientrsli remd  afet herparsent of nvent i on.

In this e ' .t he guery engine .80 includes a_library of data drivers
84 and anngs)l?%?g?ﬁlsg%’nt gglﬁas%%v V) Xﬁgr‘“’ab?‘épPﬁrFésﬁb’r%reaf%héeﬁue‘r’y $RYuest
to identifyulcoplihelindriad ynBeeRSTH Ya UBbRsdrisedlss 84 bR AFRForarihe-

request. Tge intg;fl,i ent dataset 82 is further operable to determ ne the
necessary OPYBr &% Wt andr idrerst sdhroughr PeEhvsHes 1 eqdsstdesoriiged
genesate a;idrimereChabBageMPhLEILRY thgene r dpiyers; 845 n,Lhe
necessary order, and toaexecute P’?\ or?gr f{h%g a%lﬁ%/%ééyméll%ﬁ?heaﬁ?i ver
chai n. Ref 8epergted ErQURE G mihkt i diEhEgema ldattasstg82mg@agr abes a dri ver

chain 320 in regpo Q.a gquery 15 request. .The driver, chain 320 incl udes
data drivers 32% nggggégrry ?6e‘bvérrf o?’lgngt h%r?‘éﬁﬁﬁt % d?}é+§t?'3rﬁ_e dat S YFi vers
322 are dypanmk€aliny wehebiredsirom t ailsl biBrywef vaeald abbe datasdriyeks 84

and ordered by the intelligent dataset 82 based on the query request. In
one 20 enbBAPRERES 3 dueh-BRPoEr drgLnney her | FBEAPRCH eI ToRTERF DM a

basgocl assrbgbreii oy alididot 7 £acs Hat hods, gl %bgﬁg%tandfﬂé’.e >§,ﬂ7 %{.98

chain. In this enbodi ment, each data driver has a chain priori

pl acenent ite dABHpe foal apdebipgsitta owehstiios t be chaipl 820 thAsnuigedt RS
herein, th each neans every one of at |east a subset of the
identifi ed%F%)g'rrSrsg].r églrh:eﬁeacf?l ustrated enbodi nent, the driver chain 320

i ncl udes data dmheerprBperby, D3spandob4.1beat adrdwer JAkRer ker nehanget ch
dat abase operation which returns 30 requested records. The returned records

are next sélrllsééab'y REwPYFF e DPfand? i nBex&d ol adat avieVver D3Ln Dadae
driver D4 LhSRARGIAR MSehie fe@astpd;iSepee Q0 1he 5 MQQ4L9RLE7 281,

this embodiment, the property inspector 126 applies the
changes while on the screen to allow users to experiment
with different configurations and attributes before
closing the property inspector 122.

20 - Together, the <client 110 and server 30 of the
business intelligence portal 10 add a strategic layer to
an enterprise information structure and provides a single
point of entry for integrated query, reporting, and
analysis which are inherently extensible for a wide range

25 of users. Because the business intelligence portal 10
may be fully integrated across an enterprise, the portal
10 facilitates routine enterprise-wide analysis delivery
and sharing of information. As a result, far more people
within an enterprise will be able to make regular and

30 productive use of data that already exists for the

enterprise.




1 3 JAN 2004. PCT/US00/ 20691 sorted and indexed data records. In this way,

t he nodul ar query engi ne 80 enpl oys standardi zed acces s nethods to perform
dat abase queries. As a result, the portal |10 need not be cus .ﬁ d mgr
particubaSoﬂ@b?pase 5 queries and the cost to provide and €¢45£§V5 g
business ntelligence portal 10 is reduced. FIGURE 7 is a T oW ﬁ?am
illustrating operation of the nodul ar query engine 80 in accordance wth
one enbodi nent of the present invention. ferring to FIGURE 10 7, the
met hod begins at step 340 in which a query request is received by the
intelligent dataset 82. Next, at step 342, the intelligent dataset 82
dynami cal | y sel Bt&SRBaRa idr iaveff boB4diirgmatmhe Ulivuntarat ilegeasaeyhod perf or m
the query .request . 15 Proceeding to step 344, the intelligent_ dataset 82
determ nos Hhe of HEIPSr GAEa APTOEPeo8a ARSELSAAr G per TRl L hblr eqdost
At step 34éccdh@ahbtemiitgendndakasrid ifekrtty nan ealel Yoromsiht uehseatdbhver
. chain conprising. the necessaré data drivers in the necessary 20 order to

t

per f or m t RS HEEF Y Pedtest TCHRRL 2 attREeps0d thRI1ME ePli GEHAP daPlsér
execyit es tg; dRi ver s%@%‘e‘?h thRﬁEﬁgg'Patthﬁ qH‘é'ﬁan@%qu@ﬁ%- Ctglgél_h' Brbg1dEi ver

chain, the datasets 82 are executed in order wth eac I'T1ng a next
driver 84 $2.the Bhai praporui yomH sty pedf i|itkieownsexecpricdileds §2

result, the_gquery engi ne 80 and_dataset 82 are_ application independent and’
can be castTo7not: FHad 1o SUpofe onaid TTnet Portii 1 by SAH Fo- daaa

E%y adding data ari ver s
84 to the thérapgtand progkanmiadtg dhepi nvel, | igentsyat asebddd ndstratbhei r
“functionality., 30 FIGURE 8 is a block diagramillustrating details of a
nultidinengﬁghﬁﬁsst%?5@E1ﬁﬁde9r?egsin5éccor&ﬁhc@rﬁWﬁﬁnﬁﬁé’eﬁﬁ@&Fﬁ€ﬁ@'of t he

preggnt i nyenbhoRe ity iec_?ljfté AAN 2004, MR 08{2¢ BChbe00/m2269 -1 29

enbodi nent, the storage ‘nod 100 utilizes a non-sparse architecture to
“mninmze thgesithe ofnidre abddlislOfr haraddidivodualher sgbtagesns@dlinkg0 uses

an open architecture to_all cal cyl atipns to_be nam cally perfar.ned

A ter s tnetnoa 6RF | PR oo ad Kb EPT RGP e e T

mul ti di mengirenpl sat eagd imdale 160 spapbesengs .Sl ot 360 for each di mension
and a slot 362 for a cal cul ated di nensi on. The di nensi onal sl ots 360

contain entri es PARFEREKEAT att&®l &P vallfes FHextWEAEY AR ddieditts e
IhLAS 4TS BEEHLELE £ TR £l Sy 02 o Bl menkoy Sadiin or
' 20 The database aliases 50 prevent direct user access
to the databases in order to maintain data integrity and
to make it possible for non-technical users to safely
access corporate data without fear of corruption. The
20 database aliases also serve to pool connections to the
physical databases 20 and thereby reduce the ﬁumber of
database connections required to support a large number
of. clients 110.
Next, at step 206, the system administrator
25 generates the predefined query models 56 using the query
generator 38. The predefined query models 56 control the
elements in a database 20 to which any particular set of
users will have access. In addition, the predefined
gquery models 56 restrict the types of queries that can be
30 executed and define the maximum computer resources that

can be used to execute the gueries and the allowable




3.60 includes _an entry storage 370 and a di nension storage 15 372. The

entry storage 370 contains a set of non-sparse entries 3/4 for the
correspondi ng di nension. Preferably, only non-sparse entri es g e\wiwg@%ed.
The entrjes. 374 represent conbinatric di nensional values and each | ify .
an assoc UM%t a val ue 376. In one 20 enbodi nent, each eRCEUSBIA049mc| udes
a pointer to the associated data value 376. Alternatively, the data val ues
376 can be stored along with the entries 334 in the entry storage. 3Z0. Use
of . the pointers and. separate storage of the data value 376, however,

i nproves 25 efficiency and processing speed of the nultidinmensional storage
‘npdel 100. jEhesdi peagken Stapage 3¥e imeduies tﬂﬁa%@rvaﬁie%ﬂa?ﬂi ious
~associated with entries 374 in the entry storage 370. The data val ues 376
represent GHEIE€Sdi mensi onal val ues 30 for each di nension. WO 01/09727 1
3 JAN 2004 PCT/ 2 1 10 1 0 3 f_interd] nensi.onal
links 380 is prg\%% edgggr 1%%(:% ngﬁ- gzpkge} s%%n%rfs\ @%1 %ﬁgccheslsnti@?'di'%é’hcrs}? onal
link identithiees aystdmersestindniberater nomespar seuent rtke 37hudirddd er ent

di rregsi onal.é{il qts 360. The set of i%%gr di nenslﬁgnal ~ links 380 i ncludes one
or ndre i nt&rdi Wt PPTHRS. 1% EHboltFBAL, ATheERrREP BT fABnsi dial

| inks 380 gagthiofli rew i gBalipt GAbLoYs ef HetinBsitdraversal bhelwegn the.

di nensional slots 360 in either direction froman entry point. The

i nt er di rendiSéFA DaviRs bsg cépfépeidvely pueaEi f50 abbPnitaodr seccesas del ween
non- spar se d‘i%ttrriiﬁ_lte‘f% ié‘fté‘&%i ﬁgﬁiign%eslsg,t&eﬁpo. Accordingly, all

i ntersections, inc ucﬁ ng non Sstored enpfy intersections, can be..

determ ned fromRIBIRBMN spar se fan idsagyAin andl dstaver sadg af melttod for

i nt erdi mensi onal_ 1. nks g80: I n rticular, a null_intersection between

dat abBase eMFIELHPSR F Fstp%ﬁﬁ]‘g 1RBLoMYedYnenRioh® i o et Br AGTEF P the
llack of thevidaf abase Bddfreht UFe fRMebracchie 1@eknpliohnt er dimans onal

| inks 380 connecting the entry 374 in the first dimension to the entry in
t he second effasHgiTH: , Nonsepat §éefint edgbet i owd thénweeshent rimexied74 ivs a
first and | i,on.ar termn by Si t h .

i nterdi rren:d?}(;tna ﬁdilér;%s 801 rngcnpﬁ heE?peg?lfei edé%%{rr?é ig%t%sgﬁ?]i? st di mEhsi on
to the speciddiadient rgjatabblse setandnds mensi arand ddiehy obt 8pdiaped heo dat a
val gg 376 aﬁ%gci ated with the entry 374 in the second di mensi on. Data and
i nf ormat i orf bt BY REEMh PR SHIALSF  thRe LPAteATRENTDIRT2EIBRaGE ideRI ™ 100
i's output falefHridiesl pEgcessing as described in nore detail bel ow. The
cal cul ated di nension 362 includes a set of cal cul ated val ues 382. The

cal cul at ed val ugeB38pring tal HESURE idedHe ompredidb¢addscalcsitam g0

requested p%l wﬁ¥%91@923%§uery generator 38 automatically identifies
and displays to a system administrator the tables and

20 columns of a database 20 for which a query is to be
generated. Next, at step 222, the system administrator

selects a subset of the tables and columns for a

predefined query model 56.

Proceeding to decisional step. 224, the query
25 generator 38 determines whether the database 20 has full
foreign key (FK)/primary key (PK) information. Full

foreign key/primary key information allows data in
disparate tables to be automatically linked.
Accordingly, if the database 20 includes full foreign
30 key/primary key information, the Yes branch of décisional
step 224 leads to step 226 in which child tables are

automatically linked to parent tables in the predefined




31 1 3 JAN ~~~t rcr/usoono691 a user. contenporaneously with the

mul tidi nensi onal storage nodel 100. Thus, while the nultidi qegsmwm 004
storage nodel 100 provides an open architecture to allow cal'ctilati ohs after
its cregbigifyrgont enporaneous 5 cal cul ations requested byPChESHBEH6ON th the
nodel are precal cul ated and stored to m nimze processing after creation of
the nodel 100 and to inprove the speed of, nultidi nmensional analysis. FlIGURE
9 is a block diagramillustrating exenplary 10 data 400 and an exenpl ary
mul ti di nensi onal storage nodel 402 for the exenplary data 400. Referring to

FI GURE 9, the exenplary data 400 incluydes di nension and
cal cul at edugirirensTeReE3. 5 mehStBA Cltlh%cl g‘dlé%lﬁﬂi qa%e%/ﬁ%n%ues X B,
and C whi Iﬁ&%@&p C2 gng] usles 15auBi que s rgndalafestBy Brdgess . and H.
The cal culated di i 4, 5,

mensi on C3 i ncludes cal cul ated data values 1, 2,3
‘and 6 cor pas panics ngotot di £her Predsfdaed r%’@ré’al‘%‘ifﬁ%fi Egs?aﬁ‘hé}eexsearr\ﬁ %ry

st orage nodel_ 402 incl ydes di i t 3,4;%“{ Yt ieestransexrCl and
C2 and cal®uldte %ﬁnﬁﬁﬂ:%ngﬁggp%t 8%%% %%r §'%:%I %ul ated di nmension CS._r In the
Cl g mensional gbotrdfdg tthe dieresioonal stepag@410ifnchuebibs iAFHLELD

di mensional values A, B, an C The entry storage 412 | S ephLi egow th
whi ch t he ke fopEngaY uekedr el RESHRR B ahd et:nt (Jaarvsél?lcéﬂfjﬂg' data val ues.

Simlarly, th ' i analag! ofe 494 2bacl Lskess uricquéedataovalluestBp E, F,
G and H i |?re}g:2nsofyog§?éstor aS'e 414%E9Entr storage 416 i ncl udego%nt Lig€s
associ at ecepgth t e ddegivdbned asdepoidiersthE t At a29F8FGES 30

| nt erdi mensi onal .| inks 420 .i dent | i nter. I onsehet wegheidi®s, amd thus
data, in tR8CEIMARGSC wﬁ?%}ﬁes]f ong{l¥ hetp%g]%%a})at ede}gi mensi on 406 i ncl Lides

cal gyl at ed gat aapakueFronl ThEANRAGHANR 0R/009727 ROVIBR0/ 2069158211, 2,

3, 4, 5, and 6 associated with predefined intersecti fqd L8 the C
and C2 di nemsmeny. Kebmierexe a?éigf’ﬁrgaéeﬁodeglhdzg&?ﬂi(% %%%Uta)e ©

qeter mnedyof ofe SXAPLEa HhAla CARENDYBLURA ANdedXCh. | heaGcordangloe.
di mensions”intersect in that they are connected by inter nsional, links

me I
420. |t canfbeffillt herideter figedinfarmesiry vaf udyad ? dd-Ho intersect
in that they are nof connected,by, interdi i-onal ddoks>420wnErie itdse ar e
connect ed Wq%r‘ﬂ‘% n‘gﬁgf%ﬁiﬁ?ah %E%Bi ?Z%O%E?Sone or El{awseri es of
i nt eedi MengiAnaladd nksaenneshrthe jent peesorfeGURES 160Gt ¥ PRWRALRYR Gm

illustrating a method for generatin d using. the £l henal storage
nodel 100 iandcelai Hadn&abdiedn on%f"eﬁ"ﬂgogﬂ?reﬁf‘rsgtt ﬁéldrgé%irggggtg%i nventi on:
Referring . eoteFln%%E{gdloth%ge a{f%t hod ediingiaty St#apkddOtbngelmiesta tchet he

de

mul ti di menstonal st oragée 100 is generated by the gi;l tidi msnsign?I
model nanagsfeddstinedesponse todelquesy r difesPraREIIESHasBHEEK e3UFT s of

i mens i oms MY THSRUI PR FEXETanGE Lo Bae magr g0, Y e eRadedate

20 administrator.

Returning to decisional step 228, if full primary

‘key information 1is not available, the No branch of

decisional step 228 leads to decisional step 230. At

decisional step 230, the query generator determines

25 whether unique index information capable of identifying

parent and child tables is available from the database

20. 1f such unique index information is available, the

Yes branch of decisional step 230 leads to step 226. AL

step 226, the unique index information is used toO search

30 the database for parent and child tables.. The query

generator 38 then automatically l1inks child and parent

tables to generate the predefined query model 56. The




I n one enbodi nent, the multidi nmensional nodel nanager 44 generates the

mul ti di mensi onal storage nodel 100 by first fetching data records fromthe
source. For 25 each data record, the dinmensional values and 3ajAN vghyes are
then fet weeal9Tdrereafter, for each di nmensional value of a gaiayde8sedey t he
mul ti di nensi onal nodel manager 44 determines if the dinensional value is
present in entry storage 370, in which casg it may be used. If the 30

di mensional value is not present in the entry storage 370, an entry 374 is
created for the dinensional value in entry storage 370 and the
correspondin a_val ue 376 ~1.3 ,~~s~ ¢004 011 09727 PCT/_USOQI 20691
~stored in F%%%gﬁgﬁést%‘rlgﬁé’ 3podel, E‘Iaﬁ’hnggé’se, & héaiStenS%ond Stext
traversed tdemeleby ther isghic 0 Lamwai st Paepdi mensional |inks 380 for the
entries 374 in entry storage 370. Existing links are reused while links 5
that are nissi n§S5HENEPGat ed. A9 PR bn SR 2RO ri §At -wpsIuGi Edsi>on,
data val uesnkeifhedohan o hed eopLdh apeeaddeth bhd e tUbLLAI BBNSi oAl Jrodel
manager 44. It will be understood that the mnultidi mensional storage nodel
100 hay bebyehehwide degiitshlsina lyesteent 280 1@ alld aro tseepubBRdi mansisoresd

storage no 100, is generated, step 44 roceeds .to step 442.. At step 442,
the mul ti d?%nsi SRal %%?mm%‘a'ﬁé?lgﬁr?g(? i vESTRAN Iy Hé%fbtsltflfeo? af"écgbset
of the spetihked diiTeNsd@@spardher watltesli FBNYSradeXt hedlprel®RiF 14 the

mul ti di mensi onal 15 nodel manager 44 determines , traversals necessary to
gener at e t AESFYelicfedmithe straésnvayl tow arecdesinedi Agesol MOd9Ys each

traversal . gghe fravegsahs a ef i - th é&ﬁﬁ. ' ' ' d the
starting point on entry l’geet érglr—i’leﬁgd I%)(I)‘]aszéeil (y)%' hgaw t eé%gg}gtg‘géﬁse%ﬁ
or gafi zed. wiithonaiedbedi nemimiti: mak ot di meosrenaliompdel MeEnagerl U4 be

retrieves first and ext _record fr t he | tidi nensional - storage
model - 500 SR B OB S G ST R CROLESr P b 37T oo ETERER T i s
enbodi ment otherzA sketstiiee el faksd. record, the nul tidi mensional nodel

manager 44 positions a first dinension selected for display to the first
entry storage vALGIRENExtis aa1fparendasman asl lyprEat4ng ehasshast ther | ef t

O oo St SR LLADE L0, Lo eTipham el vty 20,
al s@5posi t icemeddamceheritifi pat emibbodsteamtagefvalhee. pFesenhe ifrivestt ¥@cord,
the. 13 %%N %EIE mgmggag%E%E,34client abplications are centrally
deployed and maintained from the server 30 using a thin
boot strap applet that is initially used to download Java
classes forming the client applications to the client
20 110. After this, all upgrades to the client software are
done automatically by the server 30 upon initiation of a
new session by the client  110. Part of the
installation/update procedure includes downloading a
manifest file 1listing all names and versions of all
25 modules and resources on a client 110.

Referring to FIGURE 4, the method begins at step 250

in which a new connection to the server 30 is made by the

client 110. At step 252, the boot strap agent on the
client 110 transmits the user's manifest file to the

30 server 30.



rcrnJSOON069i  nul ti dinensi onal nodel nmanager 44 then retrieves values for

di nensi onal entries at these positions. To retrieve the next record, thne
mul ti di nensi onal manager 44 attenpts to nove the right-nost Z{}lbﬁ@hn t he
view. If the right s nost child is novable, it is repositiloh ¥he data

val ues hey@merk7at the current positions within the nulti dipeansdooneder st or age

nodel 100. If the right-nost child is not novable, the nultidinensional

nmodel manager 44 attenpts to nove the pakpgnt of that child, which is 10 the
entry immedi ately to the |eft of the child. If the parent is novable, it is
reposi tioned and the data values fetched at their current positions in the.

[ tidi nensi on st or age del .100. _Lf t arent ca t be noved, an
Lot s e s aiio (BE” erkd: 257 -1 e 580y eRn 0, cBRP R cfl | [,

i mredi at elyednidhe logft a0fl t hedulresd patEntzesndrdde prosesa repeatkd until

no parents remain. At _this point, the end of the process is reached. It
will be urftfetsistd €RaE the V& Yal Ye&iid WS PEngtpoi MF TETRPRIL R

mul ti di mensjgnal ;st orage Jmdal, 240100 Ry be otheny se g ably detgemi ned.

Proceedi ng to step 446, the nultidi'nensional nodel nanager 44 traverses the

mul t3 di mersgworemt 30 odaegemodes 1W0efhem tdmwmenpry gidi not adiws smednhest i ng

mul ti di nensional |inks 380 to g%t %rrg nﬁ thgl exi s%grécec 2“§ aalrjdls((%lr,1 val Eg at a
speci fi ed Tht EFSBBEFER. A sPEp 248 tRESHHI tT'4i mensi GAR - st8rdge nddel 100
det er m nesséhy @l el abft haespecdlieasd ont eeseatrces. aextouttdaséep 448, the
mul ti di mensi onal nodel manager 44 determ nes whether additional traversals
exi st for ¥¢2 ppaRrh106. decizoonthh t PHRRI 256avitads stexSSEeP 14 YesPbr anch

of decisiogal,sbep 45Q,d eLULDS 1 O $tERNA4G rand Lhe;rerRii i 1 T aygkgal s are
per f or med %ﬁédpi %?eﬁszg}eirona vgl ues %aflcul ated unt ill . WO 0I/097ES7 3513
JANLQ004. for/thsoohdéft 1al0l. t rTheersatsehant aleapdediel stebuddaeoNdybr anch
of decisional step,450 then | eads to step,452. At step 452, data and

i nf or mat i oﬂh%u‘f‘(b%tll??omt‘?ﬁenﬁﬁgt i%(‘ﬁ %ﬁ?néi‘%%%ﬁe%t orage nodel 100 is

summari zed and Regoltedt | tstepl besgndeeskoodséaért he vaddmik srenshenal

storage nodel 100 nmay be otherw se configured to presort and summari zé
data. HoweVBFreB§nEapat®Gats tHe EPSv&TSERNBpatdti onPEr §HhEhe? Sanmm&PFzi ng

and sortin atian ssi ng ~ef:fiGie I SHLARL , oat step
354, 1t or s o R T A ey n AP PR s mdal 100°Ts
gr aphi cal | yhdi dplcaypaedrttalt hepdsee.i n Atr exhegst @d4vi ew bgwt ees$eoer $s124 on
the client 110. Proceedi ng to decisional step 456,,if additional yLews are
request ed, “P'RB .Ye]se?urb?%é?lgh 1%)3’? et iy théf%ﬁ'f?anH:%i E&%eﬁgc Vi ébv request
and speci f Redu@hiBESItRNSISE £ 6881 Ved andathe processer egeatled untiehtall
requested views have been conpl eted and displayed to the user. At this

poi nt, theaRplbrakéRnsf aeei Sussated eptdhss Neadyranch hefengdestsipsal
process. 2 RS , ot i i | i genc t 1 i,d a

mul ti di rrengltlgﬁa%glgt gﬁgée 1%};\?e$q:ic308§€ pr‘gggcelt‘i—l g{}glgcrgﬁ% I?érr“ﬁrgsggq%?oggssi ng
speeds t haftasuppent eflfn diteirt yrwot thadsdrivier geerdet @rmindsar whgtdatid.

anal ysis. In. addition, f user can create new cal cul a%i ns to anal.¥lze dat a
25 i nt er seBYonSINHE et/ nBEVAnGTATHIRY Gafi 1T T 1 oFF of ha™ &8 %'t i on
of the nodel. TBksieeducand i MRedNd JLSOM £@S1 Peegedhts SHRROT kofireetr and

drill operations. The additional views may include pivot views and data
drilling f&ednilgls ate | blael eveprafal periine.. along with an updated
manifest. As a result, users never have to manually
25 update client software and are able to easily roam

between different work stations to log on without
requiring their applications and data files to be
reinstalled on each station. In addition, the client 110
executes quickly. and is always up-to-date while
30 administration is <centrally maintained and network

traffic is minimized.




1 3 JAN 2004 WO 01/09727 PCT/ US00/ 20691 36 FIGURE 11 is a screen di agram
illustrating a display of related w ndow 480 in accordance with one ,
enbodi ment of the present invention. Referring to FI GURE 1:‘., m %ﬁlﬁl ay
wi ndow 4 ncI_/,udes a nmenu bar 486 with a variety 5 of pull %I s 488

Qi
di sposed&ﬂ‘b‘ﬁoﬁ X top edge of the display w ndow 480. A t 0oPCEAISONRE9} s

di sposed i medi ately bel ow the -nmenu bar 486. The di spl ay wi-ndow 480 further
i ncludes a catal og wi ndow 492 and a portf@Kki o wi ndow 494 adj acent the 10
cat al og wi ndow 492. The catal og wi ndow 492 displays a file hierarchy within
the catalog 32.. The portfolio w ndow 494 displays the views |inked by the

action portfoli GIGVRDI H 1Beapdnicholdhdwdielon H94: reechgoh e hWaeWH A5 s
Separately displayed in _a discrete view wi ndow 496.. ' Storage of the views
in di scret 83FPEIT i nRBE byPARIPERT f 0 0 FWRENI sPPaglof Rared el aned ai ews
Wi thin the peddmliay W pdaw. 494 ws £l at ed g%rg to asi '
organi zed Foget her and gffi ien?‘?{i/égi spslrégye%ﬁt o%%%g) ugl}re. Iﬁ%grtiécryu ar,

t he portfolimpagiimiow 494 phevirdesseatc oimmoenwi owlow Wnt hhass iemdfosd idradtre: |,

i ntegrface | ). -.The.discrete view windows 496 are displayed wthin the
cormBn wi nE3a S FEETY duP STy Gl aEBe (RO AE PhY pa Gt d

t hat ot her orypereof seelaredz corppnent salmy nhet2acdrscagbelprstonsd and

| i nked together for display through a conpound file. FIGURE |2 is a screen

di agr am i | MiSTTatYRI: af AHpF by AN I6W 500 AHAURT RARKS AT Ohkeges .
navi gating bet waeled £} 2650 ¥l @¥eURE & Portd %é@hb@lz?%%a%gig‘ﬁe s\lt\,‘etd; 30

enbodi nent of the present invention. Referring to the “di spl ay
wi ndow 500 imothidels sheerserar 302 middiwevaai seguest phikrbmdewnseenuso504

di d al d ~ 37 f 3 JAN 200 ’ 9~ qf th
| SEBoy wi Mo EEE Ao uEAY SHBIFL o & poscleRmoditar SFFEnerodr ¢ Hairen,

di spl'fay wi ndo
bar 502. Thetiap| ayrwvrndaws500: idwdeskesb Be Cpbat 98nWoAA@WeSQR- Wk fhed

portfolio wi ndow 510 as previously described in connection with catalog 5
wi ndow 492 BEFHomIH 0 M ndRRAFAD4 0N nthke RFRGSEr ARBHY EHBBEFrent , THE.ew

W ndous S1adles i) 81 Rl e POrddaddh WoRIMheo L Araxhde se
optlmzed VI ew ng. To Ow navi gatl o etween the maxi'm zeéd w ndows, Vi ew
buttons 5l4rate pnayi ded i miewed by the wuser. In a particular
15  embodiment, the accessible portion of the predefined
- query model 56 may also be the portion of the gquery model
editable by the user. Determination of the éccessible
portion of the predefined query model 56 may be
accomplished by determining the user's privileges to the
20 query model and then determining the accessible portion
based on the user's privileges.

In  determining the accessible portion of the
predefined gquery model 56, the server 30 may also
determine a protected portion of the predefined query

25 model ©56. The protective portion is the remaining or
other suitable portion of the predefined query model 56.
As described in more detail below, the query composer 122
may conceal the protective portion‘ of the predefined 4

query model or otherwise prohibit edits to the protected

30 portion of the predefined gquery model.




10 response to maxi m zation of a window 512 and di spl ayed as tabs along a
top edge of the portfolio wi ndow 510. The view buttons 514 are each
operable to' display an associated w ndow 512 as the activg 'W.]Mb\/%ﬂ%
respons 0 tivation. This allows users to quickly and easily 15 navigate
bet \/\/eene‘?'hé"&?ﬁaows. As a result, users need to _constantlyp??f{\‘;é‘,m’%ﬂ6 e,
open, and resize windows to view related data stored in disparate files.
The view buttons may be ot herw se di spl ay@d or generated in response to

ot her suitable events. For exanple, the view buttons may 20 be generated’

any time a first wi ndow, becomes at |east substantially hidden fromdisplay

by an overlyi ngneixtJowatThggeras 29a0n, the asesger ndocatiesmilbaidsa whedow
shoul d be nmaxi m zed, positioned,or displayed to cover a wi ndow, a view
button 514PA&§efi@egbnEr&T¥d Tt hé i Fdowt BEI9Btcovidt ed. Athe SHERW

but tons S14ggRy Q%aooﬁ'déﬂﬁe%éxﬁﬂé%f‘deﬁiy @is?l&?ér espandihpgWsNgaw
Thus, they nay be displayed adjacent to or renote Troma correspondi ng

wi ndow. POr01icgo 227 38 1pBedafineds qRETNSOPHEGL T Ale holaghuska -pr dgent

i nveation has been described wth several enbodinents,,.varj hanges and
modi Ti cati GRS rra%/"r&ﬁ%&sﬂ%ﬁgﬂe hteo one- sKi | Fggpgﬁefhesla?r . %?gﬁég?’%teﬁaded

t hat the prasgHiddiventikcan eMcarpassis®leh Gatchangeseand nbei intagi ans: as
fall within the scope of the appended clainms,, WD 0l/09727 39 1 3 JAN 20A4
PC T/ US00/ RO6$E MAmer | SUerkl Meoals: 54 Alpudishifsndiontle sesrsss hidel

resi di ng on oy ercyeadable mRilifsd:he sl i apRskenat nst @rage Jmde!
conprising: 5 a set of non-sparse entries for ‘each of a plurality of
di nensi ons pedcievmomSpartse emaded teed i forigny amadsslociSft ed datrargnte; a

ot P mon GG | T et 1 PYLRG ST THAPPEREah on. batween non- spar se
entries in di spapadceddiBySi 08S; s@eg t besi nt ehdi mguergnalconipteeer 122
collectively identifying all intersections between non-sparse entries in
the. di nengigsaives user edits to the predefined quegy model 56.
o User edits may include the selection or deselection of
database tables, columns in the database tables, and
15 joins between the database tables. Next, at step 290,
the query composer 122 generates a user—adapted query
model 128 based on user edits to the accessible portion
of the predefined query model S6. At step 292, the user-
adapted query model 128 is uploaded to the server 30 for
20 execution. |
At step 294, the SQL generator 74 autométically
generates a database query based on the user-adapted
query model. 128. The database query .comprises .textual
SQL that can be executed by the connection manager 76 to
25 perform the query. At step 296, the server 30 receives
the results of the query. As previously described, the
query results are initially stored in the server 30 by
the cache manager 42.
Proceeding to decisional step 298, if the query
30 includes multidimensional analysis, the Yes branch of

decisional step 298 leads to step 300 in which a

multidimensional storage model 100 is generated based on




15 2. The multidi mensi onal storage nodel of Caim1, wherein the
interdi nensional links are bi-directional links. 20 3. The mul ti di nensi onal
storage nodel of Claim1l, further conprising: a set of cal cui at gaNV M4es

for a cajeuélmedmedl di mension, each cal culated val ue represergdfgs@nieyue at

an associ ated intersection between non-sparse entries in 25 disparate

di nensi ons; and a cal cul ated val ue |ink %gr each cal cul ated val ue, .the
cal cul ated value link identifying the asSociated intersection. 1 3 JAN

~i ~04 WD 01/09727 PC'T/US00120691 4. The nul ti di mensi onal storage nodel of

CQaim1l, further conprising: a set of data values for each di nmension, each
Cset i ncl udihRy BSSwttat ed Hat EEeRI R f ofNAoMEdaY dEmensE PR35 tPrage

di mensi on;, ad eagh RAN- SN Se-ethe NG udipgra RELNMEr assoei ated
data val ug 5. A usiriness |ntg?l %tgeg)r%cea po?}?a Fés%ln@gfoﬁh%ghgglﬁpu%gc? :
readabl e medier;, wtivdhuss nessuested| bgenbe peetal conprising: a client

portion operable to request dat abase, query. for entries in.a pluraljty of
di mensi ons; a ert\}‘é’?mp"g?ti on%8perat5feec% .Olb%]rformst dat a%gge 15 qjutr_y and
t 0 gener atr@ula: Ml nid 6k TAS1 ORRL1 gL 05age RRAelihpses-ea, r esdl o dbrdhen

dat abase query, the nultidi nensional storage nodel conprising: a set of
non- spar s lentdeES kpakact P 728 di heAdFons® e&ERMoR&hparse erigh

| dentifying @e@%?ﬁ%ﬁéeéiﬂékéixﬁ Ee?viae“%etatlo%. %Ek%ér%it'é%f"%%@é & nks
for each nonsparse entry, each 1 nterdi nensiona i nk 1dentitying an
i nt er sect itde befuseen neswdpar.se eAtepes BH2dispdr ade4di @eanki ohgadando25 t he

non- spar SEETITIZE] noFRE. dPfens) BstoBs STRESRUS 108 s SR ol oNEE Rbr Lol
of 1@ ai m 530 3Qevhengink d hehépherdidmNs uaral- ddapedr enftirdi keeellonabsl i nks.
1 3 1 AN n004 WO 01/09727
will be stored for later reuse. -If the user desires to
save the query model 128, the Yes branch of decisional
step 306 leads to step 308 in which the query model is
saved to a selected portfolio 58 of the user or a
15 security group 58 to which the user has access. Step 308 °
and the No branch of decisional step 306 e.ach lead to
decisional step 310.
At decisional step 310, the server 30 determines
whether® the query results are to be stored as an
20 historical snapshot. If a user selects to store the
results as a'snapshot, the Yes branch of decisionél step
310 leads to step 312 in which the quexry results are
stored to a selected portfolio 58. Step 312 leads to the
end of the process by which a predefined query model 56
25 is provided to a user for adaptation and customization.
The predefined query model 56 is displayed and altered
using a graphical view of data elements.  This
facilitates robust data anaiysis by all users and allows
novice users to effectively use available information to

30 improve operations within their organization.




41 PCT/ USOO120691 7. The business intelligence portal of Caimb5, the

mul ti di mensi onal storage nodel further conprising: a set of calcul ated

val ues for a cal cul ated di mension, each cal cul ated val ue repriedANt 20l a
val ue atvgpiamraassoci ated i ntersecti on between non-sparse qqﬁp%ﬁﬁ h@l

di sparate dinensions; and a cal cul ated value link for each ca cuPa ed

val ue, the cal culated value |ink identif%gng the associated intersection.
10 8. The business intelligence portal of Caim5, further conprising: a
set of data values for each dinension, each set including associ ated data
val ues for non-sparse entries 15 in the dinens'in; and ' each non-sparse
xehtryirmludin&lgqﬁﬁrﬁe?StétQ%P%ﬁsééﬁﬁﬁﬂTdéi ugsraeirg. it hdvdofor
generatingra MildhAi sggshanaly 24, sioragaamRie! wi CRMBHLSidMbod £f&hyi B8
results froma database query for entries in a plurality of dinensions;
gener at i nghe .presendf iwvespaese entlri eshis f embeddimestt t hehei nensipvns; 25
I denti fyi an _associ.ated data_val.ue for each.non sparse entry; nerati.ng
a set of interdi n%én)sfltr)lr?;ilu F5k3 g(#ire‘%lﬁ vé)%y ?%lréaﬁti ryJ‘l'\’ﬁagrSaI 4 rﬁrgfs%& i ons
bet ween nadnspdAnseedid r dasakett he2 diogRnsiwns. i30 #8spdheenetbhod ofu&kqi m 9,

wherein the interdi mensional links are bi-directional I|inks. 1 3 JAN 2~U-~
VO 01/ 09?2 FEPeptushay 2a-<tentiypfy from the library necessary data
drivers 84 to perform the request. The intelligent

dataset 82 is further operable to determine the necessary
order Qf the data drivers 84 to perfdrm the request, to

10 generate a driver chain comprising the necessary data
drivers 84 in the necessary order, and to execute in
order the data drivers 84 in the driver chain.

Referring to FIGURE 6, the intelligent dataset 82-
generates a driver chain 320 in Oresponse to a query

15 request. The driver chain 320 includes data drivers 322
necessary to perform the requested query. The data
drivers 322 are dynamically selected from the library of
available data drivers 84 and ordered by the intelligent
dataset 82 vbased on the query request. In one

20 embodiment, the data drivers 84 in the 1library are

| derived from a base class for which all interface methods
call the next driver in the chain. In this embodiment,
each data driver has a chain priority for placement in a
same relative ‘position> within the chain 320. As used

25 herein, the term each means every one of at least a
subset of the identified items.

For the illustrated embodiment, the driver chain 320
includes data drivers D1, D2, D3, and D4. Data driver D1
performs a fetch database operation which returns

30 requested records. The returned records are next sorted
by data driver D2 and indexed by data driver D3. Data

driver D4 then performs the requested search on the




11. The method of Claim9, further conprising: receiving a calculated

di mensi on; generating a set of calculated values for the 5 cal cul ated

di mensi on, each cal cul ated val ue representing a value at an giiqﬁgﬂkﬁﬁ
interseqpbgﬂmggfmeen non-sparse entries in disparate dinensi ; %
generating a cal cul ated value link for each cal cul ated val BET/USPK20691
cal cul ated value link identifying 10 the associated intersection. 12. The
method of Claim9, identifying an associ at®d data val ue for each non-sparse
entry conprising generating for each non-sparse entry a pointer 15 to the
—ﬁzsociated data_value. =~ WO 01/09727 43 1 3 JAN 2004 rcr/USOOno691 13.. A
‘et hod f orsQ¥eied niafichg Bndeénedr sésthonrbebwden a filnst thabrywan,a thest

di mensi on ang ec try in a second_dinension, ¢ j sing: providing a
nultidinen5|ona:§st§?§§ |ﬂ§§§lqsin§ udFWEJprsuﬁﬁﬁﬂég%gﬁ%% rs%gEﬁF?ies

for each ofettsdsli menspensormacintubasparsREddy i dent if yidrg1an asgeci at ed
data val ue; and a_set of_interdinmensional |inks collectively 10 identifying
all inter&ﬁﬁ? slgeﬂﬁﬁﬁ1?ﬁ%-gﬁaﬁﬁ§ﬁﬁm¥¥%§ FRTt IRATi iRinsiondat sbpeet i ng
thed i1st AFyedsanl OB xRl Mol Brbleacmiid dhdBns] Gpaly st ghags pdel
traversing the nmultidi mensional storage nodel from the entry porn

t owar d t helntsekbbidedraepsirsnlaliong s metwie@nsi onal |inks connected to the
entry point; ai roginin intersection.exists between the first entry
and the secondqg% ryﬁiglﬁégpons OYogﬁﬁﬁé?m Bt T hKEP TR AY P%on1the
entry poi nthéd o @@dtherseqasdyentehyiine t leo secondadideashea. *4chThenget hod

of Claim13, further comprising determ ning. the... value of the
i nt er sect i FPIFUATAL d2fa B RF 23Rk AREANHOR -t hKfRIoHNE Nt yFIGURE
10 -7, the method begins at step 340 in which a query request

is received by the intelligent dataset 82. Next, at step
342, the intelligent dataset 82 dynamically selects data
drivers 84 from the 1library necessary to perform the
query request. )

15 , Proceeding to step 344, the intelligent dataset 82
determines the order of data drivers 84 necessary to
perform the request. At step 346, the intelligent
dataset 82 ‘dynamically constructs a driver chain
comprising the necessary data drivers in the necessary

20 order to perform the query request.

Next, at step 348, the'intelligent dataset executes
the driver chain to perform the query request. Within
the driver chain, the datasets 82 are executed in order
with each callingA a next driver 84 in the chain upon

25 completion of its own execution. As a result, the query
engine 80 and dataset 82 are application independent and
can be easily modified to support new functionality by
adding data drivers 84 to the library and programming the
intelligent dataset 82 as to their functionality.

30 FIGURE 8 is a block diagram illustrating details of
a multidimensional storage model 100 in accordance with

one embodiment of the present invention. In this




| ~PLAC~, 11 ~T ~~-1~E~'" i 0 o F c 2003 1 3 JAN 2004 IS. A system for

generating a nultidinensional storage nodel, conprising: neans for
receiving results froma database query for entries in a etgrﬁlih of
di mensi gns; neans for generating a set of non-sparse entli A odllach of
the di m¥Y1¥9%7 neans for identifying an associated dat avaiCiaUS0eR0Each

non=sparse entry; and neans for generating a set of interdinmensional |inks
collectively identifying all intersections between non-sparse entries in
t he di nensions. 16. . The systemof Caim 15, further conprising: neans for

receiving a cal cul ated di mension; nmeans for generating a set of calcul ated
val ues foembBaifaheyl atrd ddENgHONMoARAN L@ Cukatigd @l ye J/presentd ng a
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di mensi on3rchAfeRtarS flop Famdmithengthe calicel mbdthel modehklPer eabh
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means for providing a nultldlnen5|onaf storage nodel including: a set of
non- spar s8R i1X0 f epmpadFest @ helabn&fl ofer each rdimepaice emd ya
pdent ! Tyl g an g850ci i ed data yaieq aldn@,3ehbOf | NheL IIEASIONgla] | Nks
collectively identifying all intérsections bt ween non-sparse entries in
t he di mensilots; BEanscbatasel eenitnd dde drid stasaridda@asd ardend r ywpbaed | n
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the entry qiejct Iemacdnthgnserand direasheBaaliigd NbRr dheenstopdtcdd nks
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gxists_befﬁé@h - the first entry and the second entry in response to _
i nter di mensi onglo,l i ps ;93 NG S QN LABRRER:, POL N t 1k 3RGPNG SOTTY N
t he  second di nensi on:

360 includes an entry storage 370 and a dimension storage

15 ' 372. The entry storage 370 contains a set of non-sparse
entries 374 for the corresponding dimension. Preferably,
only non-sparse entries are included. The entries 374

represent combinatric dimensional values and each

identify an associated data value 376. In one
20 embodiment, each eﬁtry 374 includes a pointer to the
associated data value 376. Alternatively, the data

values 376 can be stored along with the entries 374 in

the entry storage 370. Use of the pointers and separate

storage of the data value 376, however, improves

25 efficiency and processing speed of the multidimensional
storage model 100.

The dimension storage 372 includes the data values

376 associated with entries 374 in the entry storage 370.

The data values 376 represent unique dimensional values

30 for each dimension.




19. , The systemof Claim18, further conprising neans for determning the
value of the intersection froma data value "associated with the second

entry. 20. A system for generating a multidinmensional stdrgg , .

conpri si‘ﬁ@"é@?{%re operable to: receive results froma gﬁaﬁ%ﬁ;ﬁ/ﬁaﬁy for
entries in a plurality of dinensions; generate a set of non-sparse entries

for each of the dinensions; identify an agsoci ated data val ue for each _
non-sparse entry; and generate a set of interdinmensional tinks collectively
identifying all intersections between non-sparse entries in the di nensions.

21 Asystemfof dereidf nifdeAd; hBheisech! N el vesd 2ol sl ol velp 2
first dinension and a second entry I n a second dinension; conprising
sof t war e cReRbeEn-EwParswi eéataynuB7idi neRsichnal nsénd agensndakli ncinei ng: a

set of non- .entries faor each. of the dinensions, each non-sparse entry
i denti fyi nqgéﬁﬁ{g‘g%%%i Sled AL A 1R éﬁ&W%eEePOBfSPﬁféﬁdi%%%ﬁ7‘#i nks
“col lectivelry i daftfifreimg afiimenkebaaat | Eisodet Wegd . NON-Sprese i rigs in

t he di nensj ons; .select the first entry as an entry point in the

mul 7 di neﬂﬁ%%@lgﬁﬁﬁéaéa%bdeﬂ?nkﬁave§§8_ t henflkePai neAse onabr st orege nodel
fromthe efH¢yr@9inBhstionand thegecond di pensign, al O&&%ﬁ&éﬁi‘%ﬁenstl:ggm

| i nks connected to the entry point; and determne an Intersectlion exists
bet ween t hienfeydimensipnadd 1heksecd®d ente ybirdiespois@allo to allow

e e L S 6300 LEBIL RSB L Lt L, e sl piry.
b] 7MVk] TMFHE ie ¥ 78k rEéVEPAMErom an entry point.

10 .The interdimensional links 380 collectively identify
all intersections between non-sparse entries 374 in the
dimensional slots 360. Accordingly, all iﬁtersections,
including nodn stored empty intersections, can beu
determined from the non-sparse entries 374 and traversal

15 of the interdimensional links 380. In particular, a null
intersection between database entries in a first and a
second dimension 1is determined by the 1lack of the
database entries in the model or the lack of
interdimensional links 380 connecting the entry 374 in

20 the first dimension to the entry in the second dimension.
Non-sparse intersections between entries 374 in a first
and second dimension are determined by traversing the
interdimensional links 380 from the specified entry in
the first dimension to the specified entry in the second

25 dimension and then obtaining the data value 376
associated with the entry 374 in the second dimension.
Data and information obtained by traversal .of the
interdimensional storage model 100 is output for further
processing as described in more detail below.

30 The calculated dimension 362 includes a set of
calcﬁlated values 382. The calculated values 382 are

values derived from predefined calculations requested by
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The exemplary storage model 402 includes dimensional

20 slots 404 for dimensions C1 and C2 and calculated
dimensional slot 406 for calculated dimension C3. In the

Cl dimensional slot 404, the dimensional storage 410
includes unique dimensional values A, B, and.C.. The

entry storage 412 includes entries with which the data

25 values are associated and pointers to the data values.
Similarly, the C2 dimensional slot 404 includes unique

data values D, E, F, G, and H in dimensional storage 414.

Entry storage 416 includes entries associated with the

data values and pointers to the data values.

30 Interdimensional links 420 identify intersections between
entries, and thus data, in the C1 and C2 dimensions. The

calculated dimension 406 includes calculated data values
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intersections of data in the Cl1 and C2 dimensions.
From the exemplary storage wmodel 402, it 'can be
determined, for example, that entry values A and D in the
5 C1l and C2 dimensions intersect in that they are connected
by interdimensional links 420. It can be .further
determined that entry values C and D do no intersect in

that they are not connected by interdimensional links

420. Entries are connected by interdimensional links if
10 any one or a series of interdimensional links connect the
entries.

FIGURE 10 is a flow diagram illustrating a method
for generating and using the multidimensional storage
model 100 in accordance with one embodiment of the

15 present - invention. Referring .to FIGURE 10, the method
begins at step 440 in which the multidimensional storage
model 100 is generated by the multidimensional model
manager 44 in response to a query request and is based on
results of the query request. The query request

20 specifies the dimensions and data dimensions for the
multidimensional storage model 100.

In one embodiment, the multidimensional model
manager 44 generates the multidimensional storage model
100 by first fetching data records from the source. For

25 each data record, the dimensional values and data wvalues
are then fetched. Thereafter, for each dimensional value
of a data record the multidimensional model manager 44
determines if the dimensional value is present in entry
storage 370, in which case it may be used. I1f the

30 dimensional value is not present in the entry storage
370, an entry 374 is created for the dimensional value in

entry storage 370 and the corresponding data value 376




10UU 10UU! y2Y%40%JU& () - AAMyWBUV7! s( 109/ Z/ & () -sO! H(10% / & ()-s0 0(10%
& ()-sO0 (" (10%& ()-sOly? (10% & ()-sO! (10%& ()-sOMx y z {
wi [ M7! s(10%/ z/ 10// 10// JZB. JAN 2004

10/ /11 (H0%do&in( ) - SO! (109 () - sO! (10%& () - SO!* ( 10%& () - SO
7
E!!!""'M‘K%’%O%/&'()- %0% ()-!F (10% JrJ& ()- sF PCTiUSO20691

(10%C& ()-'4+1094] & ()-s!'f +10%u7u7& ()-s""#PWCYRYX6M/! | 3(10% / & () -

3(10% -j & ()-! 3(10% ¢ & ()-!43(10%/&'%}-!#3(10% & ()- . @408

& () - &&&&E&&&&USA" 10% U& () -!, 10%JU& () -&10% U&' ()- ' 10% U& ()- 10// 10//

10/ /71 3(10% /& ()-& (1) **+w3uS4! Y( 10%JU& () -$! Y(10%JU& () - $! Y(10%U& ()-$!'Y -

(10%JU& ($rérydlcoudimengiion 169RKa9E) - $44, S- TI10 \eéthersaarqout&e() - 0& 1

0% u& () - 5} QEHEYAQXUKH TOXUXY! KB IRAQUEIUE [y '3 PAQBUE Qe 1o
create interdimensional links 380 for the entries 374 in
entry storage 370. Existing links are reused while links

5 that are wmissing are created. In addition, for the

right-most dimension, data values fetched for the reéord
are added by the multidimensional model manager 44. It
will be wunderstood that the multidimensional storage
model 100 may be otherwise suitably generated.

10 After the multidimensional storage model 100 is
generated, step 440 proceeds to step 442. At step 442,
the multidimensional model manager 44 receives a 'view4
request for a.subset of the specified dimensions and/or-
data dimensions. Next, at step 444, the multidimensional

15 . model manager 44 determines traversals necessary to
generate the view from the storage model 100 and a
starting point for each traversal. The traversals are
defined by the specified dimensions and the starting
point on entry determined based on how the model 100 is'

20 organized.

In one embodiment, the multidimensional model
manager 44 retrieves a first and a next record from the
multidimensional. storage model. 100 using a bottom-up,
right-to-left recursive movement. In this embodiment, to

25 retrieve the first record, the multidimensional model
manager 44 positions a first dimension selected for
display to the first entry storage value. Next, all
parent entries, which are those to the left of the first
entry, are positioned to their first entry storage value.

30 Child entries, which are those to the right of the
selected dimension, are also positioned to their first

entry storage value. For the first record, the
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multidimensional stbrage model 100. If the right-most
child is not movable, the‘multidimensional model manager
44 attempts to move the parent of that child, which is
10 the entry immediately to the left of the child. If the
parent is movable, it is repositioned and the data values
fetched at their current positions in the
multidimensional storage model 100. If the parent cannot
be moved, an attempt is made to move the parent of that
15 - parent, which is theventry immediately to the left of the
first parent, and the process repeated until no parents
remain. At this point, the end of the process is
reached. It will be understood that the traversals and
starting points within the multidimensional storage model
20 100 may be otherwise suitably determined.
Proceeding to step 446, the multidimensional model
manager 44 traverses the nmltidimenéional storage model
100 from the entry point across connecting
multidimensional links 380 to determine the existence
25 and/or value at a specified intersection. At step 448,
the multidimensional storage model 100 determines any
value at the specified intersection. Next, at step 448,
the multidimensional model manager 44 determines whether
additional traversals exist for the model 100. If
30 additional traversals exist, the Yes branch of decisional
step 450 returns to step 446 and the remaining traversals

are performed and intersectional values calculated until
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decisional step 450 then leads to step 452.
At step 452, data and information output from the
multidimensional storage model 100 is summarized and
5 sorted. It will be understood that the multidimensional
storage model 100 may be otherwise configured to presort
and summarize data. However, by separating the traversal
operation from the summarizing and sorting operations,
processing efficiency is improved.

10 Next, at step 454, information output from the
multidimensional storage  model 100 is ' graphically
displayed to the user in a requested view by the viewers
124 on the client 110. Proceeding to decisional step
456, if additional views are requested, the Yes branch

15 returns to step 442 in which the view request and

| specified dimensions are received and the process
repeated until all requested views have been completed
and displayed to the user. At this point, the No branch
of decisional step 456 leads to the end of the process.

20 In this way, the business intelligence portal 10 provides
a multidimensional storage model 100 of reduced size and
improved processing speeds that support efficient pivot
and drill operations during data analysis. In. addition,
a user can create new calculations to analyze data

25 intersections that were not anticipated during the
original definition of the model. ' This reduces time and
resources needed to support pivot and drill operations.
The additional views may include pivot views and data

drilling for high and low level analysis.

|
|
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%& () - display window 480 includes a menu bar 486 with a variety
5 of pull down menus 488 disposed along a top edge of the
display window 480. A tool bar 490 is disposed
immediately below the menu bar 486.

The display window 480 further includes a catalog

window 492 and a portfolio window 494 adjacent the

10 catalog window 492. The catalog window 492 displays a
file hierarchy within the catalog 32. ‘The portfolio
window 494 displays the views linked by the action‘
portfolio.

Within the portfolio window 494, each of the views

15 is separately displayed in a discrete view window 496. - |
Storage of the views in discrete files 1linked by the
portfolio and display of the related views within the
portfolio window 494 allows related documents to be
easily organized together and efficiently displayed to a

20 user. In particular, the portfolio window 494 provides a
common window with a single'data interface (SDI); The
discrete view windows 496 are displayed within the common
window in a multiple data interface (MDI). It will be
understood that other types of related components may be

25 discretely stored and linked together for display through
a compound file. ,

FIGURE 12 is a screen diagram illustrating a display
window 500 including view buttons for navigating between
related views in a portfolio in accordance with one

30 embodiment of the present invention. Referring to FIGURE

| 12, the display window 500 includes a menu bar 502 with a

variety of pull down menus 504 disposed along a top edge
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FIlO%SS&IQ%medlately below the menu bar 502. The display window
‘ 500 includes a catalog window 508 and a portfolio window
510 as previously described in connection with catalog

5 window 492 and portfolio window 494. '

In the illustrated embodiment, view windows 512 are
maximized with the portfolio window 510 to provide
optimized viewing. To allow navigation between the
maximized windows, view buttons 514 are provided in

10 response to maximization of a window 512 and displayed as
tabs along a top edge of the portfolio window 510. The
view buttons 514 are each operable to display an
associated window 512 as the active window in response to-
activation. This allows users to quickly and easily

15 navigate between the windows. As a result, users need to
constantly move, close, open, and resize windows to view
related data stored in disparate files. The view buttons
may be otherwise displayed or generated in response to
other suitable events. For example, the view buttons may

20 be generated any time a first window becomes at least
substantially hidden from display by an overlying window.
Thus, as soon as a user indicates that a window should be
maximized, positioned, .or displayed to cover a window, a
view button 514 may. be generated for the window to be

25 covered. The view buttons 514 may be positioned
independently of a corresponding window. Thus, they may

be displayed adjacent to or remote from a corresponding

window.
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) Although the present invention has been described
h with several embodiments, various changes and
modifications may be suggested to one skilled in the art.

It is intended that the present invention encompass such

5 changes and modifications as fall within the scope of the

appended claims.
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assocliated data value;
a set of interdimensional links for each non-sparse
entry, each interdimensional link identifying an
10 intersection between non-sparse entries in disparate
dimensions; and
the interdimensional links collectively identifying

all intersections between non-sparse entries in the

dimensions.
15

2. The multidimensional storage model of Claim 1,
wherein the interdimensional 1links are bi-directional
links.

20 3. The multidimensional storage model of Claim 1,
further comprising:

a set of calculated values for a calculated
dimension, . each calculated value representing a value at
an associated intersection between non-sparse entries in

25 disparate dimensions; and

a calculated value link for each calculated value,
the calculated value 1link identifying the associated

intersection.
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-) 4. The multidimensional storage model of Claim 1,
further comprising: ‘

a set of data values for each dimension, each set

including associated data values for non-sparse entries

5 in the dimension; and

each non-sparse entry including a pointer to the

associated data wvalue.

5. A business intelligence portal residing on
10 computer readable media, the business intelligence portal
comprising:

a client portion operable to request a database_

query for entries in a plurality of dimensions;
a server portion operable to. perform the database
15 query and to generate a multidimensional storage model
| based on results of the database query, the
multidimensional storage model comprising:

a set of non-sparse entries for each of the

dimensions, each non-sparse entry identifying an
20 associated data value;

a set of interdimensional links for each non-
sparse entry, each interdimensional 1link identifying an
intersection between non-sparse entries in disparate
dimensions; and

25 " the interdimensional links collectively
identifying all intersections between non-sparse entries

in the dimensions.

6. The business intelligence portal of Claim 5,
30 wherein the interdimensional 1links are bi-directional

links.
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dimension, each calculated value representing a value at

5 an associated intersection between non-sparse entries in
disparate dlmen81ons, and
a calculated wvalue 1link for each calculated wvalue,

the calculated wvalue 1link identifying the associated

intersection.
10
8. The business intelligence portal of Claim 5,
further comprising:
a set of data values for each dimension, each set
including associated data values for non-sparse entries
15 in the dimension; and | o
each non-sparse entry including a pointer to the
associated data value.
9. A method for generating a multidimensional
20 storage model, comprising: .
receiving results from a database query for entries
in a plurality of dimensions;
generating a..set. of non-sparse. entries. for each of
the dimensions;
25 identifying an associated data value for each non-
sparse entry;
generating a set of interdimensional links
collectively identifying all intersections between non-
sparse entries in the dimensions.
30

10. The method of Claim 9, wherein the

interdimensional links are bi-directional links.
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5 calculated dimension, each calculated value representing
a value at an associated intersection between non-sparse
entries in disparate dimensions; and _

generating a calculated value link for each
caléulated value, the calculated value 1link identifying

10 the associated intersection.

12. The method of Claim 9, identifying an
associated data value for each non-sparse ehtry
comprising generating for each non-sparse entry a pointer

i5 to the associated data value.
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13. A method for determining an intersection
between a first entry in a first dimension and a second
entry in a second dimension, comprising:

providing a multidimensional storage = model
5 including:

a set of non-sparse entries for each of the
dimensions, each non-sparse entry identifying an
associated data value; and

_ a set of interdimensional 1links collectively

10 identifying all intersections between non-sparse entries

in the dimensions;

selecting the first entry as an entry point in the_
multidimensional storage model;

traversing the multidimensional storage model from

15 . the entry point toward the second dimension along

interdimensional links connected to the entry point; and
determining an intersection exists between the first

entxry and the second entxry in response to

interdimensional 1links leading from the entry point to

20 the second entry in the second dimension.

14. The method of Claim 13, further comprising
determining the. value. of the intersection from a data

value associated with the second entry.




10 10! @ 9! 10%&' ()- F0%& ()-! FUO%& ()-! FUWAOU ()-Si+ SzX7P3 10!
- @(10%m& () - @#' Y(109XX& () - @ Y(10% } & () - @ﬁY( 109%4.& () - @' Y(10%%5& () - @¥!
Y(109%5& () - k#WU3P3 REPLACEMENT SHEET
10! %6#10965& () -1 Us#109%1& () -! @48#10‘%55&' ()-! USH109558& ()-'Y(10% f& (6'_.@# ‘
Y(10% ] & () - @#- oMB 10! %S#10965! ' 109B0Bo& ()- !' 10%08& ()- 1055 105 2003
1055! %8#10965& () - ! ¥SH#109B5&' () --<,z[ 9MB 10! I #10%U& () -=10% o0& () f@N 2004
10% o&' () -3!'#10% &'()-"10%E' E&'() 1"10% @ @& ()- , nPWU3MB ' :
10! #S#10% o' o0& () - ! #S#10% o' o0& () -! #8410% B
B& ()-!#S#10% o' 0& ()-!#10% o' 0& () - =! #1009\ ()-—aWUSNB
10! #S#10% o' o&' () -1 #S#10% o' o0& () -1 #S#10% B ‘
B& ()-!#S#10% o' 0& ()- L#S#10% 0' 0& () -!#SH10% Z Z& ()- Nor mal " " Headi ng
13] ¢" " Headilfig 23] c" " Headiysigm33be" géneledid ng 4njitedimehilantii netoR3kC modegadi ng
63] c" "Headi.ng 73] c" "Heading 83]c" "Heading 93] c"A "Default Par agraph
Font D comprising:

‘means for recelvmg results from a database query for entries in a plurahty of

dimensions;

means for generating a set of non-sparse entries for each of the dimensions;

means for identifying an associated data value for each non-sparse entry; and

means for generating a set of interdimensional links collectively identifying all -

intersections between non-sparse entries in the dimensions.

16. _ The system of Claim 15, further comprising:

means for receiving a calculated dimension;

means for generating a set of calculated values for the calculated dimension, each
calculated value representing a value at an associated intersection between non-sparse entries
1in disparate dimensions; and

means for ‘generkating a calculated value link for each calculated value, the calculated

value link identifying the associated intersection.

17. The system of Claim 15, further comprising means for identifying an
associated data value for each non-sparse entry comprising generating for each non-sparse

entry a pointer to the associated data value.

18. - A system for determining an iniersection between a first entry in a first
dimension and a second entry in a second dimension, comprising;:
means for providing a multidimensional storage model including:
a set of non-sparse entries for each of the dimensions, each non-sparse entry
identifying an associated data value; and
a set of interdimensional links collectively identifying all intersections
between non-sparse entries in the dimensions;
means for selecting the first entry as an entry point in the multidimensional storage

model;
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means for travérsing the multidimensional storage' model fromv the entr; point tbwérd -
the second dimension along interdimensional links connected to thé entry point; and

means for determining an intersection exists between the first entry and the second
entry in respohse to interdimensional links leading from the entry point to the second éntry in

the second dimension.,

19. _ . The system of Claim 18, further compn’sihg means for determining the

value of the intersection from a data value associated with the second entry.

20. A system for generating a multidimensional storage model, comprising
software operable to:
receive results from a database query for entries in a plurality of dimensions;
generate a set of non-sparse entries for each of the dimensions;
1dentify an associated data value for each non-sparse entry; and
generate a set of interdimensional links collectively identifying all

intersections between non-sparse entries in the dimensions.

21. A system for determining an intersection between a first entry in a first
dimension and a second entry in a second dimension, comprising software operable to:
provide a multidimensional storage model including:
a set of non-sparse entries for each of the dimen‘sions, each non-sparse entry
1dentifying an associated data value; and
a set of interdimensional links collectively identifying all intersections
between non-sparse entries in the dimensions; |
select the first entry as an entry point in the multidimensional storage model;
traverse the multidimensional storage model from the entry point toward the second
dimension along interdimensional links connected to the entry point; and
determine an intersection exists between the first entry and the secqnd entry in
response to interdimensional links leading from the entry point to the second entry in the

- second dimension.




