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decision support systems (DSS) and executive information
systems (EIS). Decision support systems (DSS) and
executive information systems (EIS) were +value added
systems that provided additional information from
existing on-line transactional processing (OLTP) systews.

As business intelligence systems developed, they
integrated decision support system (DSS) functionality
with executive information system (EIS) functioconality,
and added on-line analytical processing (OLAP) tools and
management reporting tools. These hybrid business
intelligence systems were gradually moved from a main-
frame environment to a distributed . server/desktop
environment to allow greater user access.

More recently, the advent of centralized data
warehouses and datamarts have created a dramatic increase
in available data waiting to be analyzed, exploited and
distributed within an organization. Such data warehouses
and datamarts, however, were typically optimized for
information delivery rather than transactional
pfocessing. As a result, data warehouses and datamarts
offered only limited solutions for tﬁrning stored data

into useful and strategic tactical information. During
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WO 01/ 09727 PCT/ USOQO 20691 2 this sane tine, business intelligence systens
gained prom nence by ,offering sophisticated analysis tools for analyzing
| ar ge anpunyg ofibe7et ored i nformation to support effective pdEusionessand

deci sion making within an 5 organi zation. Such analysis tools provided by
business intelligence systens include nuldidi nmensional data cubes that

al l ow users to view and anal yze intersections between data in different

di rensions. A problemw th 10 traditional multidinensional data cubes,
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indicate that the correspondi ng data does not intersect. Another problem
with traditi onfectatve cubbaniing hagngheydegisian oseakiRg h #LEhdB| c @t i ons
bei ng'p(r;edefig@éianiégﬁ%_cul ated and stored as part of the data cube. As a
20 result, if a user requests new cal cul ations that were not anticipated

during definition $icha dagealydis thtoehsl e prgwédatdst BY recpeinefsed and

regener ated. V0 01 09727, PTLLISAD! 2068ke Jny SUMAENELIE JMENEL The
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mul ti di nensi ona1l-’ storage nodel "u ITTZes a non-spar se

' 10 traditional multidimensional data cubes, however, is that
the size of the data cubes can increase very quickly,
‘growing to ten or even hundreds of times the size of the
original database. This is because the data cubes
usually have a large number of intersections with no

15 value. These empty intersections are stored to indicate
that the corresponding 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.
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SenphRycted.

In accordance with ohe 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
associated data value. A set of interdimensional links
is provided for each non-sparse entry. The
interdimensional links each identify an intersection
between non-sparse entries in disparate dimensions and
collectively identify all intersections between non-
sparse entries in the dimensions.

More specifically, in accordance with a particular
embodiment of the present invention, the links are bi-
directional and the non-sparse entries include a pointer
to the associated data value. In this and other
embodiments, . the multidimensional storage model may
include a set of calculated values for a calculated
dimension. Each calculated value represents a value at
an intersection between non-sparse entries in disparate
dimensions.

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

portal that efficiently represents multidimensional data

30



5 Anot her techni cal advantage of the present invention includes providing
an effici'ent nultidi nensional storage nodel. In particular, the

mul ti di menswowmbe7st or age nodel utilizes a non-sparse ar chPCEUSR2e691 0

m nimze system resources necessary to generate. ‘and store the nodel. The
10 reduced size of the nodel inproves procgssing tines and allows
efficient pivot and drill operations during data analysis. Still another
techni cal advantage of the present invention includes providing an

i mproved mul ti:s'frr@aﬁhggag By al Qiage noagle havi PPadnedPRshal cBEbesgere. In
particular, the_nultidi nmensional storage nodel allows additional
cal cul ati ons Pedet PEPYHisRdfiaractine piyet vievsondefacfEdllrBIafPEsuUlt,

a user can Crgatg BEYW 164 Al almitianalnd eapRdmid NELISETAE Qs tHAt were
not 20 anticipated during the original definition of the nodel. This

reduces tinme dabar Rerreetimnsded to support pivot and drill operations.
Q her techni cal admwfscégh&ﬂa%lp%a%%ﬁ&??evget L83 piekbnPeingadiiyn

apparent to one skilled in the art from the follow ng figures,
description, #&ndledes npropiRifry DESCREPIEORNOFMRHE L BRNGRAICNTbr Shorede

compl et e undep3tadi g Ohat N piRSC e WMEIH:NE 200 S ROYADL AB5Te1

reference i s now made t e fol ow ng description taken Tn conjunction
with the accorpahjre® @ anPngspayser @énchitectneterepcanimimizgl ssysegmesent

| ke parts, |B.ufifles Vége@éé Eopgléfny:f‘g@é.?gﬁalstérg! GiEEndalp. @ Phock
diagramillustrating a busines I ntelligence portal in accordance wth one
enbodi i@t of redheedr eieat of n\duet immglel improves processing times and

allows efficient pivot and drill operations during data
analysis.

Still another technical advantage of the present
invention includes providing an improved multidimensional
15 storage model @ having an open architecture. In
particular, the multidimensional storage model allows
% additional calculations to be performed after the model
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 folliowing 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 like reference numerals

represent like parts, in which:



FIGURE 2 is a flowdiagramillustrating a nethod for 5 initializing the
busi ness intelligence portal of FIGURE 1 in accordance with one enbodi nent
of the pravmeoszzznvention; FIGURE 3 is a flow diagram i | porusetoesg a net hod
for generating predefined query nodels in the business 10 intelligence
portal of FIGURE 1 in accordance with ong enbodi nent of the present
invention; FIGURE 4 is a flow diagramillustrating a nethod for depl oying
and maintaining client applications in the business intelligence portal of

FIGURE 1 in accordeorRE 115sWal bloce @ibgehnenllaétiieimy esepbhsima@ntion;
FIGURE 5 is a flowdiagramil]ustrating_a nethod for generating and
executing adt&rylAgERFE pERERbNIR 2EFREARG R Vit r9neEBPod et tfdance

wi th one eniedi peaken®fidhendiigsent invention; 20 . FIGURE 6 is a bl ock
diagramillustrating operation__of the. nodular query engine of FIGURE 1 in
accordance Wit hFBﬁaR%n%obFF rentlYf dirgrsmeddARsERIELRT of; PRIRRRECF i s a

flow &§ agr amnikhb$i & 8hd NEhONAIAIAYE GncelhegBREY | poreder ¥f efgitia af Fl GURE
6 in accordance with 5 one enbodi nent of fhe present invention; FIGJRE 8
is a bl ock dPagraGRArPPRSer afikd a onful tSRRAEASPENalCtst driifye PERRA1Y n
accordance WntRneRgn; enbodi ment of the present invention, FIGURE 9 is a

bl ock diagramillustrating exenplary 30 data for the nultidi nmensi onal
storage nodel of FEFERIRE gis \§ DagwooizprparAliperyabing & Mg iny js a

flow di agra@ehg&aeiﬁ%zkgge@ef@ﬁéwd ql ¥y 9aRRIA NGid hacyril Ul ivRAS onal
storage nodél of _ Fl 8 in_accordance with one enbodi nment of the present
10 intelligence portal of FIGURE 1 in accordance with one
embodiment of the present invention;

FIGURE 4 is a flow diagram illustrating a method for
deploying and maintaining client applications in the

- business intelligence 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 based on a .
predefined query model in accordance with one embodiment
of the present invention;

20 . FIGURE 6 is a block diagram illustrating operation
of the modular query 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
embodiment of the present invention;

FIGURE 9 is a block diagram illustrating exemplary

30 data for the multidimensional storage model of FIGURE §;



i nventi on;

enbodi ment Qo gifagraPr €sent invention;

5 FIGURE 11 is a screen diagramillustrating a display of
related views in the portfolio of FIGURE 1 in accordance wth one

illustrating wi ndow 10 tabs for navigating between related views in
accordance w th one enbodi ment of the pregent invention. DETAILED

DESCRI PTION OF THE I NVENTION FIGURE 1 illustrates a business intelligence
portal 15 10 in accordance with one enbodi ment of the present invent
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with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIGURE 1 illustrates a business intelligence portal

10 in accordance with one embodiment of the present
invention. Generally described, the business intelligence
portal 10 provides integrated data access and information
sharing across an enterprise, as well as sophisticated
multidimensional analysis tools. The analysis tools are
highly automated and intuitive to allow a wide range of
users to utilize stored information in making strategic
decisions. In this way, the business inﬁelligence portal
10 maximizes decision support benefits users receive from
their data, while minimizing the cost of implementing and
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
more networks 18. The server and client tiers 14 and 16
are Java-based to support the Internet communication

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

to
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enterprise. In addition, the Java-based server and client tiers 14 and 16
provi de an open APl architecture 5 that is highly adaptable and functional
for procesgoigerestructured data in databases as wel |l as RCRUYS0OReAr ed dat a.
The client/server network 18 conprises a conpany Intranet while the
server/ dat abase network 18 includes poryions of public and private
networks. It will be 10 understood that the business intelligence portal 10
may be inplenented using other suitable architectures, programmi ng

| anguages, gbileinkennEEE Lok NEo tH ﬁ@%rletyhefdaaaaaseumee 1&had ncl udes
one or nore databases 20. As described in nore detail 15 bel ow, the

dat abases 2FomPdeEgch SSalaPddisY aPtal ithe t NBPTERht aitls £95PBFe i# or mati on

necessary tQrteppesket 0 the daiakass, 20ché NJaid HGslelde datrabaseandgin. The
use of database aliases prevents di rect_user access_to the. native

dat abase i n BigaEt tdems Adaiand hks | PRSGHde 21 noPER BB 43FSBAEREYH e For the

|11 ustgati vegibody ”ﬁi‘éhlff h%daBEEBPéS%ﬁdZ(tdmstl%aﬁll beornprdeyssitay abase
connection (JDBC) or 0Object database connection (CODBC) COFP' I ant

dat abase, astaaictuzeda daka abe detaPIRAhBFsc"StL &ft aHBFFTUSRIESL server
tier 14 i “C'd;a@%s ONEhOT P& S AEIMRES rltworkh e & edotiiti sty enactomsuny i se a

set of Java sed applications that can operate on djfferent ﬁl atforns. As
descri bed Hiﬂ’ﬁ;}a@eéet"dwleoetbw serwesddaerRasy) PREYPEE IF o} BF LIS

security, cephigl, g\ée%@dghﬂ{ﬁ&r AdONprfAstle 3Refbiks hr eatked wpgo! ask dat a

access, and nultidinensional data analysis for the bu5|ne§s intelligence
portal010. \WDAREEG9Rd7 thet| WheOlsunegs Tk eddigencso RORERGdAS &%t al og

32, a catalqg implemented wusing other suitable architectures,
programming languages, and links.

Referring to FIGURE 1, the database tier 12 includes

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 or
datamart.

25 The server tier 14 includes one or more servers 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.




manager 34, a security manager 36, a query generator 38, a database access
system 40, a cache manager 42, a nultidinensional nodel manager 44, and a

client 5 adgigW@émat or 46. The catal og 32 stores all conf pgivisdoiz06s .
docunents, and work products. created by adm nistrators and users of the

business intelligence portal 10. This cenfralizes nmanagenent of docunents,
el i m nates redundant and outdated copies residing on 10 client systens,
al l ows docunents to be shared across an enterprise, and provides conti nual

security for the gﬁ%“@&%r ng c%g%mgﬁg?ga@g%%tgiogggfges Al l.agaapgd

information within the server be under st that such
confi gur ati onsandgeundat sa sedundtik prodgers36€5 aagubryoukaewRtersdpBti ably

stored and managed w thin the busj intellig p . 4bhe gat al og
32 incl udes offe g?t?m?sée d&tGhase a%’lggé‘gs 465’0, ausgrgggﬁo%%%sg%g, 4;:Eécu%ii ty
groups 54, andwprédémensionalier ywodedel smafagenf i g4r,ed dyda syst ehient

adm ni strator. 20 The_ catal og, 32 al so,j ncl ude ne or r fol | 58
t hat sto%e reF&P‘é&’ﬁ?gﬂE"%o c‘%‘%‘at ed by & syg?g?nf%%er.:dArg %6%%:?}8%5%;?

descri bed, theodftighaseiahs asdschfienta aandalwork r;ﬁmdmiﬁsoncrm@iaby to
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dat abases 20 poadtatkesoit prisks bkentealheast echrigeakentusef s docusiehesy

access corporate data w thout fear of . cor ion. _in additian,. the

dat abase al i a?é%m%()‘a&??o r ‘g‘f’%fiarfto 558! 88?%%5%?30@03’83% hgeﬁig%flgal on

dat abases 20 ¥ iend tdyetehy,r edlowst hivcumehes afo dad asleneed oacesss oas

ceauired to s PRl brse? 95l U BElvAled | Elicinul? OHeRBLEL, P Ior 5020091
documents. The catalog manager 34 manages all shared
information within the server 30. It will be understood
that such configurations, documents, and work products

15 may be otherwise suitably stored and managed within the
business intelligence portal 10.

T o 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

regquired to support a large number of clients.



The user profiles 52 each define a specific range of privileges for a user
and one or nore security groups 54 to which a user has access. The user’
profiles SOW@O8T2Tgenerated and mai ntai ned by a system adRtHPEWOREr . The 5
security groups 54 inplenent a hierarchical security nodel with security
rights and privileges assigned to each §roup 54 by a system adm ni strator.
An admnistrator security group is provided to allow admnistrators full
access to the system including 10 perm ssions to add, nodify, and delete
security groups The aamdruprofjled il edh defline syspesifinerangalofecurity

rights and pri.vi.leges that _a _user _jpherits_a h | | her
i ndi vi dual E%H] %egssd%ﬂ:ngdulg%rt rhd §éér8rpﬁloflgl §§H§59§%d8%%‘§*5%§ ts of
each securi tty gulnigh 53 ueet5halsi Grdessor sfke balsemgpradfd lelsi S2vagre exposur e

of system features.to users_j[s.controlle u I v e of
per ni ssi ons,ge&erﬁgfa9i pE eg‘,alﬁlh%ﬂegr{é?agsgﬁ%géaofggm\%mgfﬁﬁéﬁg%&?r orennlé@ecuri ty
ﬁroups?]54 orsejgmliiitydugfommr 54pr dinpllesebl. dhusiensrdhdcadni aesurityrs may
ave the 20 abjlity, t.o connect taq .database . A e sers,
power users“fﬂdﬁﬂ“t %’orth hg\?guf"ﬁf:g ﬁé‘rg%*ltts?si%%é %%I’JI'S? gggggpgar\ﬁesggjﬁggr st#ray have

access to adddH renge of 5adatisy anal yséysteewd calimahbstatrator f eat urlgs, while
I nformati on consyners_nay o e to ruyn and ad Dty 23. Jepise Of

nly_be abl
charts that WP SFEGF G| ﬁeaéﬁ‘%d BY°HR a8nmi HStrator or power user. The
predefi ned qgistinisegatsrs56 Akl seddceant aionedhel ogiysabmpodéhsledinmarti cul ar

Cat abages, ol ot oE3! Pl Aahetud R B GLORLLADS Y Lesipd saimi cal 50
abstract datand nayera maifdlese 520, irexpesi sypteml y Thesfipal t seesrify t he -
dat abase 20 ::tihg%ttsi Sanrdelp.ec\zl.%gaeges that a user inherits are the ﬁnion
of his or her individual rights as defined in the user
profiles 52 and the rights of each security group 54 to
15  which he or she belongs. In this way, exposure of system
features to users is controlled through the extensive use
of permissions, or privileges, which are assigned or
withheld £from security groups 54 or individual user
profiles 652. 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 1less 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 is relevant



WO 01/ 09727 PCT/ US00/ 20691 10 to the group or groups of users who will use
the particular query nodel 56. The predefined query nodels 56 include

rel evant t aWwbaswndmpm a dat abase, fields within the dat abarer/usdsizeésn and

| i nks between the database 5 tables that together define a query. The
predefined query nodels 56 formthe basisigor all queries created by
users. In this way, the predefined query nodel 56 <controls the elenents in
any database 20 to which any particular set of users will have access. In
addi tion, 10 the phededidgd quer y-B0ds! Sobb eséAd! ivalb Meghani ege tbaé may
restrict the type of_ queries that can be nmade by any group of users. In
particul ar, tRarkiteRbat sARCHEf PREeLhE6 - naxFRRINPE ed  @UetY cEededs
governors, thak ¢ap18fe HePEvif: REAUL ddf WlHtabasahdrakhawallenini ns
between 15 tables to prevent run-away or malicious queries that could

i npact the inthgridgtajpasee takdiesessapdt elinigRndeetyran aithep. dykabase
port f ol 105 58, REeUL G I LagsyALEMJadips! Ll iheryser CREA! BdolEeohLAl nCd
views 60. In addition, to g nterna 'y generate”views 60, "the portfolios
58 may i ncl udgpretryrmesahpl 86 Lowmstsd hefsigorfdrpedde Riegesdoranead sby spr ead
sheet docunen nd p . tfall - r ogpd file
capabl e of rggfgsfngmggéo?gg%ti%' bfgg%%mgkégég?§%§he r Ia?gggggtEEZS of
data. The vi emonggohay the selgmshtdi rst Rpywiddtiabasee 2@okef shislbgany

| i nked to eac ; | rtfali.o : e he r L 58 is
determ ned byggg%gg{]}éﬁegggeggr ituts%%ar“éﬁélt eurégl%f 3%%%(3%'5 a%g Egggil:'t??%hal ly
by t he 1 eat okbeoprelefinedsg8érynmotiels 386 pesthblish58echanbsms ebiatli nent

USErS NeVer Sgfy restrict the type of queries that can be made by any

group of users. In particular, the mechanisms define the
maximum computer resources, or governors, that can be
used to execute the queries, and allowable joins between
15 tables to prevent xrun-away or malicious queries that
could impact the integrity of the business intelligence
< portal 10.

The portfolios 58 provide a file system for storing
user created or obtained views 60. In addition, to
20 internally generate views 60, the portfolios 58 may
include, for example, views 60 of word processing
documents, spread sheet documents, and web pages. The
portfolios 658 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.
Access to the portfolios 58 is determined by
established security parameters for users and
addicionally by the creators of the views 60 in the

30 portfolio 58, In one embodiment, users never see
portfolios 58 to which they do not have access

privileges. In addition, the portfolios 58 may be



portfolios 58 to which they do not have access privileges. In addition,
the portfolios 58 may be WO 01/09727 PCT/ US00/ 20691 11 custonized to
provi de atMONI®9722 notification to associated users whenPGT/ES08208M1 wi t hi n
the portfolio 58 have been updated or otherw se nodified. In this way,
security is nmade integral to the operatidh of the system5 which
facilitates col |l aboration and information sharing wthin an enterprise.
The views 60 provide data for displaying a wwde variety of formats, such
as, for exarplkeomisddes,tqgrapsovideporausompiiot s, nahdf iedtiewes.taThe vi ews

60 may be 10 either Live vie representing curren at p t views
of data at é‘SESFf‘?Eﬁ‘haPSSEFnt‘" SR tYHE Iﬁ& ‘é’ﬁgil:‘%ﬁotﬁ:? gasgo dé%fc?r%]q%e%n nor e
detai | bel oOWavki tRev aysiatEd nmy beheninboski| ecdifidib. updat ethisutwamt i cal |y
at regular intervals, updated when fjrst, opened,., and e ' Snapshot
vi ews 60 mayeFETLEY B Uggf'\/\ﬂ’{:'égﬁ% o{;o é%%p%%%at’%tlo?n t%PCF%%tée]}éfes%quence
of snapshot whichol faadar tatieewscdiA dbairaliishorandal imfeimeatiion Teeaninans 60 and
portfolios 58 can be saved privately by a user or may be distributed or
shared anondi&AeRof oS Sty groups 20 54 to facilitate collaboration
and deci si on nekirpg. vilwsseeur igaovimeageat86 fornadispkecing t ¢ iwidehe

busi ness intelligence portal 10. I n partjcular he _securit ager 36

i ncl udes pr @&RE ¥d°§e£8ﬂ“‘?§/st 2/ %)stjr é@&ngﬁmhﬁ'aﬁagﬁﬁfht%{%fwnsg user
profiles 52 apdr23, SqGHdtsy GHrlipweb4 pafes.secThet wisasaged Beyalkso

-

provi des a security hierarchy that allqws user ofjles 62_and.security
group¥®54 t GItRRE idVEr i¥AS e’%el?’?etﬁﬁntﬂ‘éﬂ‘?erﬁuraegl s&853 P% hlsgaé/i\sa%/o?t a system
adm ni strat Gfiew@N of data at a particular point in time. In

addition, as described in more detail below, live views
60 may be scheduled to be updated automatically at
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 54 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.




easily establish and maintain. security for the business 30 intelligence
portal 10. WO 01/09727 PCT/US00/20691 12 The query generator 38 provides
gr aphi cal vwowinehy dat abase el enents to assi st system adnpor/wseobems and
power users in defining the query nodels 56. The predefined query nodels
56 each define the database 5 connection, ghe famly of tables and col unms
exposed from the database, the allowable join types and conbi nati ons,

nmet adat a, execution governors, and aliases for the query. The predefined

query model s 50 camnbegBler AdaRhed-and daddie GlSRARNGERS sECTS Lo

perform safe, secure ueries. The database access system 40 includes
functi onal i t ydasabasgef takementsr becassinF asys§enr iyt #ORFasard 20
and for returnj q esyl t .he sepyer OlmodBIY Pulgat i ongy,

anal ysi s, andgkgggr?ﬁ%%r%y%ﬁge?§&ﬁﬁ%?§thgﬁ 5 ??%ﬁitﬁgied enbodinent,ethe
dat abase accegpsedgfinveii4Oquénic| wddels qb6r yeachedigmer2 then databaper at or

142 SennectianeiRagger 1. e A A ol U AR SRRSO LhBRbAERE of 8. The

guery schedul er I'n S'S ed queri es. previously
di scussed, anyhei @atébasencithdi rglowsbliat dcinndypabcahdt icombipahtanded in

t he view 60, et efre f th 2 c dj o]
sever al opti%%gﬁggﬁgrua%%auéﬁééﬁéi(?#ﬁ%gf’s?ﬁgghﬁgggg?h?ggaﬁﬁémgﬂgg$éms 60
to be easily makr gsieddftinedefiuecy todetsr 56ntca2b e alater afapted aanhd

Snapshot. vi eveoEl Tart bB 54T ohBLSB PPy BatBaT P PE am ofaren REGHE L
reposi txxry of gueapebot views 60 based on the sane query.

The database access system 40 includes functionality

and software for accessing and querying the databases 20

and for returning query results to the server 30 for

manipulation, analysis, and reporting by users. For the

15 ° illustrated embodiment, the database access system 40

includes a query scheduler 72, an SQL generator 74, a

< connection managexr 76, and a Java database
connection (JDBC) 78. |

The query scheduler 72 initiates scheduled queries.

20 As previously discussed, any view 60, including the data

and calculations contained in the view 60, can be set to

refresh from the database 20 according to several

options, including specific time schedules. This allows

views 60 to be easily 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 wviews 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 wusers via a

shared portfolio 58.



Thus, for exanple, a view 60 may be schedul ed for updates 30 at 10:00 p.m
every Monday, Wednesday, and Friday and automatically distributed fo a -
group of W@PH0X27Ta a shared portfolio 58. WD 01/09727 PETIUSHRDEN6O1 13
The SQL generator 74 receives user-adapted or wunadapted query nodels from
a user and generates a textual SQ. queryl¥or execution by the connection
manager 76. In this way, query nodels which are graphically 5 displayed
and edited by users are automatically converted to executable database

i nstructions and Theer esdn ergemaoﬁamﬂzed 74dThirecdilvess n@ercadapeed and ot her

i nformation w th no pr.ogr.anmn now ed to fuIIy
use and bene???g?étn%t FEBdsi Wgégf? ntféﬁcm ggncgseio %% nﬁf%%

enbodi ment, téet Gl SEnensiryr £64 exebutisn b atlog csqnﬁmdumngmaaagéﬁrs and
an SQ parse_iree

eneratethetextu SQ.., .-The dialo eci
generators & rres%’bn& § tHY di FPEFEN™ ?ﬁﬂigsw rl'Ha?ﬁ‘l‘)a pgﬁcigigccessed
3y f)r gsed I?J.W izmd wdﬂteahbybusgﬂes?relmﬁirhatgmmayp@sbh&lerged The
i al og- specific generato i nclude, for ex ase,
and M8 SQL HRneFXEEIrEaPIRe ggﬁﬁbﬁ??on ﬁﬁﬁ‘é‘é‘é‘imfgr e@ﬁ%eé‘?@?f’%ﬁ?rsq_
query 20 req;a@aitﬁedrommla;e a3Qowgenetritor udersANthd WEREH Galfesmatlibn t he

dat abases 20 to erforth equested queries through .the _Java dat abase
connection (9 mexs Pt he{ltﬂi SusPFat é’ﬂFBEEFWEhg? e "&ﬁ%ﬁ@ct FBn
rranager i ncl ﬂﬁtesyaussoda&@r BRIt tengtde fhel NBhstheds adntalel fegeat
datas . nd a library of data drivers 84. As described in nore
det al beI ovaftha:ld'a?ta drivers 84 each execute a

In one embodiment, the SQL generator 74 includes

dialog specific generators and an SQL parse tree to
generate the textual SQL. The dialog specific generators
correspond to the different types of databases 20
15 accessed by or used in connection with the business
intelligence portal 10. The dialog-specific generators
may include, 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 datébases 20 to 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 drivexrs 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 gquery request. As a result,
30 database access methods are standardized and the dataset

need not be customized for each application.



predefi ned dat abase operation. The intelligent dataset 82 selects and
orders data drivers 84 fromthe library as necessary to performa query
request. Aswod@onht, 30 dat abase access net hods are standaceuseskoessid t he
dat aset need not be custom zed for each application. WO 01/09727

PCT/ USOCOn0691 14 The cache manager 42 inchydes a cache 90 having a
plurality of pages 92 and a process thread 94. The cache nanager 42
recei ves data extracted fromthe databases 20 in response to query

requests and feedst}hemaicRko0 r&a@f‘a%réhr PaPES i 91 nddle Sa@&%h@a'%eﬁa%cj ugs

asynchronously with the process ead 94 driving the cache 90 to feed
data into th@lpagéstﬂzoflpam#ﬂsl91beaIEthiarE’IQﬂﬂFSc regsk #4may Theec8€her wi se

sui tably recelm\éﬁqRe?t Qﬁe‘}ecg@gebnhraﬁ% Ieyctrgéegﬁs%f‘%mbifhéhﬁaﬁgbé{@és 39¢ 10

The nul ti di mensi o nodel manager generates an mani pul at es
mul ti di mensi odal wspoge nb@lelqyemo refpiestss andedepds mihemieintico bheow,

th | td d ' t I t
to mni' ze BRESE: 23-of THha Cians EOIOHh? aansoqiaeaRep ety U EET I €
100 i nproves phec@rocegst |tmadn@4aldmngefﬁhecumhqo|%ttcandeelqlu flata
operations duriag @%teagg] C%' %3 S h{‘ Qgﬂ%é’”un&gf?@&? et &%@aft open

architecture to al 'ow ul at'i'ons nam ca or ne t he
nodel has beefeconshereis=. sAstabIQ rmﬂived;sesgorad.crami eipépdially
cal cul ati ons %Q_ %ng Xé ]??att_ erse tions that were not anticipated

€

during the gl nar ?osneo Jihe ‘model s 100. This reduces tine and

resour ce& needed tmheupnpdattdpmanslamﬂ dmmcﬁél vpeRge T 044 . gBbeFates| andt
adniniStratorné%iB£9¥£g§S fuls fﬁgn 1207 storage models 100. As
described in more detail below, the multidimensional
storage model 100 utilizes a non-sparse architecture to
minimize the size of the model 100. The reduced size of
15 the model 100 improves processing times and allows
efficient pivot and drill operations during data
analysis. In addition, the model 100 uses an open
architecture 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 a 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.



fromwhich the portal 10 manages client admnistration. The client
adm nistrator 46 provides a zero- admnistration architecture that °
aut omat i cwiologesmahages depl oynent of client applicati onPOTAISIRIN ze user
30 performance and mnimze network traffic, while assuring the | atest
applications are always used by the clie8s. WO 01/09727 PCT/ US00/ 20691 15
The client tier 16 includes a plurality of clients 110. The clients 110
may be local to or renote fromeach other and the server 30. In one
embodi ment, .the Thé eplfent 10igr OYGdenallhdascasgﬂ.uh:a&H.uﬁi of yisitesitns
adni ni strati on, 5 to the server §s Erev ousl descr.i bef__dfo al I C%I I ent
110 functi oh3®ar eTRS R FHR 1Y H‘aP’o fis °‘§% e?‘?ﬁ'sm ons st6red on the
server 30. Behdt Ssh@NEh&l Sereg@B@d tDn bod ermbdmﬂdam:l ey cldmghtsecurity
groups of users. In thli way, the rob Sctt functional |% of érha %91 busi ness
intel | i gencdlPoPraride laﬁ\éFﬁfﬁi ai”é?# Rht T T RY fFEred Ut to all
Users gaCr osgot ffe QHrRleR! IRE W ABOpresgously a\esr:embeanaum IcEss.-ntechnl cal
users. The client 110 includes a clie (g]dlAtg 112 and a.P g graﬁhl C user
HE"cl

interface (&P) feactiensheafg| uSPRET nR¥i nBnt T P&ht £Io is

desi gned W Lhral siSHPER6RESE BRI Nthel a¥BrPELCED,. OF pagwmasbeens. ale this
enbodi nent, " as described in nore detail below .the client 110 identifies

its conponeBFantg@ntesbabhi dRdaYiduad BBRRRCEPGN SRFERIFRe 9ERPPE ©30. This

al | ows effigbept, adghnitglikatip, OEhéhe:deSentfdﬂ&mﬁymtyeg@ﬁt itte of
additional functionality into the client 110, The.client APl .1 conpri ses

2
a setl%f Jabusénestes 1”ctl%1t11&§¥1?ﬁe RRTEe ctPent 1510 WRARRTEEELY with the

controlled and metered out to all users across the

-

enterprise without seeming overcomplex to less technical
users.
The client 110 includes a client API 112 and a
15 graphical user interface (GUI) 114. In the illustrated
embodiment, the client 110 is designed with all
components being Java pieces, or Java beans. In this
embodiment, as described in more detail below, the client
110 identifies its components when establishing a
20 connection 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 server 30. Because the client APl 112 allows any Java programto
communi cate with the server 30, an enterprise may efficiently add

addi ti onal , wowsiehy capabilities for its clients 110. The peppboeResoiuser
interface 114 includes a set of 30 admi nistration panels 116, a set of
user panels 118, a set of w zards 120, a ggery conposer 122, a set of
viewers 124, and a property inspector 126. The WD 01/09727 PCT/ US00120691
16 adm nistrative and user panels 116 and 118 provide graphical displays

for guiding agghfhplEAONR, aNthd!Saisty | PaAUIR tREEr hRAPCEiLYepPRRIad! ONS.
The wi zards 1 creation processés Into one 5 or nore |ogical steps
and gui de adngnashieal oddsphadyaséorr auiddmgh admm@ataqt@ﬁsmamsbs%se%l S

assi sts novi C@h#&%ﬁ tl?é"ﬂ: olt%g; ét%%r EkQE' SQpsuners w t hout detail ed
g

progranm ng kno e’in pertormng q r es and analyzing results. In this
way, all users w tThe umzenderpﬂoseimdelezmteomo mifddesisest | jntps eonde

busi ness, |t eLLl gSAcL BOLLA odlbd oexiad, TanIatULcdata 2nd Sbersby

i nprove thei r°Farea o eratto € query conposer
122 speci fi esthheugh dehe cueatsmr&rpmcam,t s'mbssaasswtsiamqvi@ dise=my, and

how it is to 13 be ored ?%“%Eer nggés‘emerlszz '%%Yl' ggs adgﬁgﬂgézal

vi ew of prede?l ned query mogel" TOW USers to uitive
under st and angragtanmiteg kmolel ddss ifro ;ianftormuhgl qupaiéscahéranebxd&ng n one

enbodi ment the e oser 122 al.l ows user.s, to onl Y 888 ]t:P éseaxdeata
ol oment's 20 | RSENGERI 58 TBUGAIY (Hdy WRTE TDiredBs RiR
conposarn 122 shYestuoseffedieatby aser edef bnedinqssrynn*el:l]aigeﬁ'rﬁe ago:a:al
user - adapt ed gge %rac é%égkyhg u& %%tumaﬁgk¥hereby improve their
area 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 wunderstand 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 query mecdel
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 wviews 60 may be live
or snapshots. Views 60 or portfolios 58 of views 60 can

be saved privately within an individual wuser's own



to and executed by the server 30. The viewer 124 creates a conbi nati on of
data views 25 for tables, graphs, reports, pivots, web pages, and the
i ke. TheWw@ioape®? 124 all ows users to easily sw tch fromPGEHHSRWA 60 of
data to any other and to sort and filter data. The views 60 can al so be
exported to HTML for publication on a web server or for sharing in the
catal og 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 i edtslégahresecors maywn baD B3I BREcRGENSOGRRGeE aMongataxeog ar ea.

or may be distributed and . shared ano ne -or. se | s 54 to
facilitate &8l B8 SXTCH * AnCHEESI g% %a i%%?lgﬁaﬁ:len %ﬁ%i%}?%%@ 4, a
tabl e vi eweandi3@edisidaymkimg.nf ormati on as a series of colums and rows. A
table viewtypically serves.as a rti_n int .for d opi n J deas
bécause it provi %Eh}é’h Boer XEEVeT | 3%2' of \%(iei NFGT At :al\gr? icglsrg‘_=1 i zed. In
the tabl e viiafornseisn cas aadsefidd ess, calldmnal aubatmwsf.i el ds,tabid add
sumary and 10 subt ot i nfornation. Col utms_ can b%r arr an eid .hi_dden,

and ot her wi ¥&SHoGYPLEH 1 CoRTERS & De 5B TP RA eﬁ%rd QS HRFE ent

| evel s. A rgepeak Vbewglisd 32itli Sprayidedat aar n averedrt idear netf. Aowepor t

vi ew provi des _a robust,  banded repor ormat .and.. facilitates automatic

) t _15 .
report generBEPERRLIRP digt PFEARTIFTF UséflstEl nt]a}:%& Y5 af§e i §°8s and

colums in aad Miataeki vadar aphicaabtdasfgaldsewantt addr epemiaryhiangd addi ng
S nd

cal cul ations, subtotal s,  groupings headers,.footers, titl o g
graphtts. 2@%@%&%&%&“&4 diCSEDE  §PRORS VT ERET I £ 597R
and otherwise modified. Content can be sorted and viewed
at different levels.
A report viewer 132 displays data in a report
format. A report view provides a zrobust, banded report

15 format and facilitates automatic report generation and
distribution. Users can freely arrange fields and
columns in an interactive graphical design view of a
report while adding calculations, subtotals, groupings,
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 can change 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



wi de variety of 2-D and 3-D formats. These formats may i
exanpl e, 'bar, pie, line, scatter, and radar graphs. Wil
graph, usengoofy;shange the graph type or contents by fi

ncl ude, for
e working with a

| bet/uSuan6mi a,

usi ng a subset 25 of the original data, and draw nul tidi nensi onal data.

The graph view can al so be changed on the {lvy, by sorting

the records in a

different order, as well as changing the graph properties. A pivot viewer

136 provides pivot views displaying 30 nultidinmensional,

along nultiple -di%r‘fe%%iré)snsbnThLﬁe a!alc%"i’?‘rill':igrss ;,g??}ﬂee%gm

i nfornati on aPBhtF Arat € 'di Fensions to-gain

or cubed, data

S(i/e 867

PCT/ US00/ 2069éntdfppsspecTheepiontt vdeactsuppores dricnperchdesanice tdfe an
enterprise. The. pivpt yiew supports. hierarchies in the | Dl | Tensi ons
whi ch al | ows E}%\?%Pf% %%“P?%?’rﬁo'gsri"ﬁl-cqﬁo e & g%dp%}#‘%ﬁt%%ulgh

anal ysis. As desn|iefib-up and eddilbtthhmighy arddleysnid.t i dhsredescnitbed/i ews
are generated fromthe nultidi nensional storage nodel 100. A _bro r

vi ewer P38 probi &% itP‘f‘ELi g?enf‘?‘&ss-t?‘ﬁl a'f‘?%‘f %edusoﬁoélwageryl?ﬁlss aﬁe ows
users to accegen¥Piked pfasitidie aindtvabimeAsEond Nisttomigeo madellr aneot
environnments. 10 Reports ‘or objects _rglreat ed i.n ot her viﬁ\&rs_ .can be exported

to HTML for posting tFMWESE t BT atdfl RFY gh®t ¥

W er“¥M%r f ace.

The property pDapestR’ wdBO6babwe¥s . USahs st @ldbaBg@sediss playagraperiés of a

particular view _In one _15 enbodi pent, the pro ertgnifgsg
6

model ess. | n PRPUEHD R e¥RD -Raredh e 5 i REpSBED

ector 126 is

ABpFPRLeRYiy

changeg owhi | ergpotbe S£r&Jedts AW edSehS otheeXPLewsesan Bkt xphftfet ent

configurations and attributes before . ,
to HTML for posting to websites or display

browser interface.

through the

The property inspector 126 allows users to change

display properties of a particular view.

In one

15 embodiment, the property inspector 126 is modeless. In

this embodiment, the property inspector 126

applies the

20

25

30

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

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
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
productive use of data that already exists for the

enterprise.



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
ent er pri s&vQ oife9T2Tat i on structure and provides a single PE/HS003969tNntry for

i ntegrated query, reporting, and analysis which are inherently extensible
for a wide range 25 of users. Because thesbusiness intelligence portal 10
may be fully integrated across an enterprise, the portal 10 facilitates
routi ne enterprise-w de analysis delivery and sharing of information. As a
result, far norerpeUREez V&t Alow dEidArEn iidduskirhtbegabl wetlwodraicer r egul ar

and 30 produyctive_ use of data that alread l.sts for_the ., e rprise. WO
01/ 09727 PCEAIEAALIE88Y GRS ) RRpRess s1§)£F?L§€V,98Pgaraﬁ?ﬁ7lusﬁogtilﬁlg a

met hod for dddolrdahtéi wgthhenbusibedsment ebf i gracprpsental idGentmiomccor dance
with one enbodi nent of the present invention.. Referrin t__to El S.JRE 2, the
met hod begi ﬁ?fgffr%flﬂpt?oﬁlﬁﬁ@ #hi s S DEGirs St RSP 90 i8S 1 he
user psofil ghich?.a AByBE&N| QumiyigesstoPedefihes uthe pisE | EofiZlespr ovi de

perm ssions for users to utilize features within the Séﬁgﬂ Negﬁ at step
202, the sy$Pem adhfni RISTEHISLYdePEAEEIREAur %R gM8Ths BACT I®Dr &7 ousl y

described, Hidviinal peemiibiynsi @6t Susdss pto Vit eUese t hastwrassewitihifterits
are the union of his or her individual right ls_laas defi negm. i n the user

profiles 52 thtd svseem: ghtexsr &%ciFteBcdlrr y thgr SUYFT8R AE™ WM EH3®%0r she

bel ongs. Prgegadiedy sty 28foupde 53y St eXsadsi-éi sdu=Alyor deddr Jar at es a
dat abase alias 50 for each of the databases 20, The database al.i ases 50
prevek® di r dditads 8LCHELEE TGRS RNY RLYAIETeEn tBRbe? PSRt MH AT at a

integrity ange the union of his or her individual rights as defined
in the user profiles 52 and the rights of each security
group 54 to which he or she belongs. _
Proceeding to step 204, the system administrator
15 generates a database alias 50 for each of the databases
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 number of
database connections reguired 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
query 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 queries and the allowable



to make it possible for non-technical users to safely access corporate
dat'a without fear of corruption. The 20 database aliases al so serve to pool
connect i onswootiobg? physi cal dat abases 20 and t hereby redueeriseraesorber of
dat abase connections required to support a |arge nunber of clients 110.
Next, at step 206, the system adm nistratogg 25 generates the predefined
query nodels 56 using the query generator 38. The predefined query nodels
56 contr ol the el enents in a database 20 to which any particul ar set of

users W ll haygiRgCeptwekh agshiddNeot I'%reW&ﬂ?f rofdawayersr "hdelisisSts
restrict the ypes of queries that can 30 executed and define the

maxi mum conpuBBPri@8ources that can be used to execute the queries and the

al | owabl e VO 01/ 09gedy P%éU?fQQasZ%%the?Oeﬁ&I BE Relwgshdall as, t ghpegvent

run-away or naI|C|ous gueries. Step 2 | eads to the end of e process by
which the sy§ben1a§ﬁ$¢ﬁ%traﬂ%W1Q#ﬁQ¥ﬁﬂ@rthes§ﬁ§|ne§§ StPﬁteIPPgéﬁ%%sportal

10 for wse wi &Htelfﬂg@ﬁk%@ﬁé% S8 15 PHtud ShenSetMR PhEEESSisder M$Si ons
een

and queries for UseTs defined 1n order to control access and
di stribution BpArHad Withehi aetwp dyoreas. FPEURES8iPys g andovAvRTIRnfor

Illustrating ﬁ Efgh‘ﬂgvreorb el n@ﬂ?’l@#}'ﬂg BP&ePr‘EQEféd}Fé}diueéé’ﬁ?Iégeéﬁd 56 in

accor dance one embodi ment e present invention
enbodi nent , sgeettlhmtznnepﬁmdaﬂaﬁwnhélnodhe gystemt omatically linked to the

extent possible. | frodedld ! A 2 AAPARCLELATIN 8.2 IhEPR! fBLRYq dtaP! aved

to 15 the systen1adn1n|str ori 1o te generation~o query node
56. - 10 generating the predefined gquery models 56 in accordance

with one embodiment of the present invention. In this
embodiment, specified data within the model is
automatically 1linked to the extent ©possible. In
addition, database elements are graphically displayed to

. 15 - the system administrator to facilitate generation of the
query model 56.

Referring to FIGURE 3, the method begins at step 220
in which the query 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 S56.

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 decisional
step 224 leads to step 226 in which child tables are

automatically linked to parent tables in the predefined



Referring to FIGURE 3, the nethod begins at step 220 in which the query
generator 38 automatically identifies and displays to a system ’ :
adni ni st r XABMA¥E tabl es and 20 col umms of a dat abase 20PFHUSHROSH a query
is to be generated. Next, at step 222, the system admnistrator selects
a subset of the tables and colums for a2lpredefined query nodel 56.
Proceeding to decisional step 224, the query 25 generator 38 determ nes
whet her the database 20 has full foreign key (FK) /primary key (PK)

i nformati onauEyyl wasiedi grf & eywpingrar hgeyforetmmt keyVREICAEY dafey i n
disparat e ! ablein0iBa. ARl 1268l |N6ddahell-cnd T WiiOkie ploLbe, dat abase
20 includes ftull foreign 30 key/primary key i1nformation, the Yes branch of
deci si onal At &piz2poinhdsthe Bregefired guskivc modail| B6t adnhebe agaved

aut omati cal | y. Id t ent  t I gt p | . 27
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i nforn@tion. SteRepRéninadsot dledisionglofstdre p2ocedf. Lokl t fdxejmint, the

pr edef i ned a r, f h [ can e by the
system adm g‘:é?t/%gltzg'rg%S e\tpurgﬁl?'ﬁg %of%écﬁssl oﬁé{: g%veagﬁf ,e'i ft %I Irﬁ]:?or ei gn
key/ pri mar y beapchnfafi nde¢igidralnostery a224bleadehdoNcledisdgialofsthiei si onal
step 224 le to Ci §J ] __step 8 t | S) t query
generator 3 deter% ngésg%/%eotr%elr ?5%% gr‘??ﬁa%?%eéalgﬁo%%%g%ﬁgfs ji%

avai | abl e f deberindndat abhethe@d. Publi spoimaxfy f Ukéy pinfermatder i rifsor mation
allo pare 1 bl t t I ned abase |l e
sear\(,:\?? Acc%ﬁ’&?’ggfég ?’f&?ulﬁ%ﬁepr;aﬁﬁrgéaggyeﬁldrg ornapglxg%slggkavgfl a%?lg, the Yes
branch of deviigiegwakeyt épfoptaticudaitlowst ppr2ft ahdrehil@ tables to

be determined by a database table search. Accordingly,

if full primary key information is available, the Yes

branch of decisional step 228 leads to step 226 where the
15 database table search is performed to determine parent

and child tables. After the parent and child tables are

determined, they are automatically linked to generate the

predefined query model 56. The predefined gquery model

may then be saved or further edited by the system
20 administrator.

Returning to decisional step 228, if full primary
key information is 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. If such unique index information is available, the
Yes branch of decisional step .230 leads to step 226. At
step 226, the unigue index information is used to search
30 the database for parent and child tables. The query
generator 38 then automatically links child and parent

tables to generate the predefined query model 56. The



15 dat abase table search is perforned to determ ne parent and child

tabl es. After the parent and child tables are deternined, they are.

aut omat i cal Wo#eREd to generate the .predefined query nod@ET/US80208%c
predefined query nodel nmay then be saved or further edited by the system
20 adm nistrator. Returning to decisional 82ep 228, if full primary key
Information is not available, the No branch of decisional step 228 | eads
to decisional step 230. At decisional step 230, the query generator

det er mi nes 25pmeeéflﬂiedmicguﬁyi needel nfreayatthem chpabdsavesd icdenfufyhey
parent and chil d tabl es avai l abl e fromt e _database 20. If such unique

s
i ndex i nf or maERbRE sb%v%ﬁ‘? aDiFen RAMIDISCERERER of deci sional step 230
| eads to step 226. Ré€ursimp 286,ddd1@1maquesuépjezsonf arfrraquué sindex to

search 30 the database for parent hild ta ener.at or 38
t hen aut onat i &H?P‘y"“?f"h‘k% thi pef a‘?l‘EP frtoﬁb:%&)? figc gﬁg %é’tg%eem)
predef i ned qugﬁcanaﬁd@f &6cid1enalD St D87 1B€E/sU860/s£e§913222 pt edeép ned

guery nodel rra then be saved or further edited b¥ t he, l%m 4
adni ni st r at or 23Ret Ut nGYES eBe R TANST 288PuRE 1Y N d&R an

information i 3iARt enaihabha baeBhtheaBakabasegiderhbe bRe préaapife®f
deci sional step 230 leads to step 232. At step 232, the system

adni ni st r at or HgRValPgel d2ht i f FRstiR wa¥m I&hec muegetinefaruREYt BBfeLS t o

generate the pggedeflnedh @HEr ¥xepdel Ip%@mbﬂethla%t%hitlbéﬂﬁr gdakiaesd query
nodels 56, are to the extent_possib automatically generated. 10 with
m ni mal1%dni nMdERat BinimRkr aﬂ‘ﬁ“iléHStlrlatﬂFl | 1RESTREAAEt 00d Ithat1dat Hase

tables and ot hakeebesBa! EnaBYaDEa LN AaNITR Sid! deh¥r! elkREnts may be
otherwise suitably linked.

FIGURE 4 is a flow diagram illustrating a method for
deploying and® maintaining client applications in

15 accordance with one embodiment of the present invention.
In this embodiment, client applications 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 sexrver 30.



FIGURE 4 is a flow diagramillustrating a method for deploying and

mai ntai ning client applications in 15 accordance with one enmbodi nent of °
the preseWOOIPIENti on. In this enbodinent, client appli PEIUSANL20891c
centrally deployed and maintained fromthe server 30 using a thin boot
strap applet that is initially used to d&wl oad Java classes form ng 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 sessi on IBrddeedihgerdo I€tep P284, ofh¢ heerxrvest abl zompatrepdahe

procedure includes do I n mani f est_fil |ISt I and
versi ons of V&Ff+°%% du?gg é'%éiaurlg ou cgs BShach ?Q%;L%Ji I}?g‘??ﬂeng to
FI GURE 4, thsniBddwdfbbgi BS adurviespt AndrsiomswhoLh taenmmmmldliog to the

server 30 i de by client _110. At s ep 252 00 tr agent on
the client g’.tilm t i8n etss?ﬁ‘ée’ﬁsa?;' n&\ &5t Pglt %ﬁ% £§€ sg?1$er 30. WO
01109827 P@éMi@GQ&teﬁ&ﬁsﬁmm t@rﬁeanZém, blie ther werdul@sconpar es
the versions of all nodul es ang aogrce Ilstei_t in thelmanlfe % file to
current verSFoRESBETESR 8EFr QURHBRAEFAGC2PPRe O™ STV AY.

deci si onal sthad SHG1lL E Theehisanled dﬁtﬁémmymémmdorthél of the
nodul es or_resources e outdat based he .compar | son me or all
of the noduFgs B?a?‘été(ﬁfr t&&?gdzg?hé‘ea%s - titelal 2§£de0|§.§| onal
step 256 |e§é§pt95§teah85&er19\ér sbe@eﬁéﬂratébea&erl\tmreﬁangamemgtiavsean
|ncrerrent al date 10 for the cl bent 110. The in Giﬁm&*nt al date i_ncl udes

only 1% he rrﬁﬁ | BRe tFhetedd %o FBSUpBEF BB Rt UP B PREY ser ver
transmts tPBe modules that need to be updated.
Next, at step 260, the server transmits the

incremental update to the client 110. At step 262, the
client 110 updates the client side applications based on
15 the incremental update. At step 264, a new session is
then launched for the update-to-date <client 110.
Returning to decisional step 256, if none of the client
applications are outdated, the No branch of decisional
step 256 also leads to step 264 in which a new session is
20 launched. 1In this way, the server 30 determines what, if
any, modules (or Java classes) are out-of-date, missing,
or obsolete and then selectively pushes the correct
modules to the user's machine 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 Dbe
reinstalled on each station. In addition, the client 110
executes quickly anéd is always up-to-date while
30 administration is centrally maintained and network

traffic is minimized.




i ncremental update to the client 110. At step 262, the client 110 updates
the client side applications based on 15 the increnental update. At step
264, a new f«gden7i S then launched for the update-to-dat ecehiseorosorl 10.
Returning to decisional step 256, if none of the client applications are
outdated, the No branch of decisional step,256 also |leads to step 264 in
which a new session is 20 launched. In this way, the server 30 determ nes
what, if any, nodules (or Java cl asses) are out-of-date, mssing, or

obsol ete and then sebgkiyely BUENSS dNRGH 8leciRlubes of fethBauget s

machi ne al ong wi th" an updat ed a result, uSers never have to
manual | y 25 updaptingi eandsofewa@;uelagd ar e quisiy t onasiedi | basedn @Rt ween

different wor g&gﬂgga‘ t%r_%g_gooqlo\gle%hogs ergwgé dag}?éé a‘gﬁgﬁcaghgns and

data files to relr nst a n each station. t1on, clirent 110
execut es qui cleh\yaoelmuiens af walys ppe$mtdatrwemtnlloel 30 Ialdmthstem@PﬁemehE:

centrall t r r.af |
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adapting and emecthe ngearvqneryo nbp‘eIarbaaéuimnsiaratpmedehdnadrwei%ﬂ rrbdel 56

I n accordance with aqne L rent. of t. esen t

enbod: ment | 5 BPERePPRBA RRSTSE it re e IS REaR of MUEES WU |

the server 30 by aRefidarinmgttat PIGURE] Hr cmhed eckthod tbsgnssupbnstegué&ﬁ and

verification of a ceﬁsFﬁrlwle Referrlgg to F GU theugg£h9 begi ns
S

at step 280 i W g ?%?'V%F N TS uest roma Gser for 10
a predefd ned quepyedafigledbquélext modelsts 282\1extthe ster seepd28%,m hbs an
accessibl e pogtlggrogegggm ﬁggegﬁr§%Le331ble portion of the predefined
query model 56 based on the user's privileges. The
accessible portion is a portion of the query model 56
that may be viewed by the user. 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 accessible
portion of the predefined query model 56 may be
accomplished by determining the user's privileges to the
20 guery model and then determining the accessible portion
based on the user's privileges.

In determining the accessible portion of the
predefined query 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 gquery composer 122
may conceal the protective portion of the predefined
query model or otherwise prohibit edits to the protected

30 portion of the predefined query model.



query nodel 56 based on the user's privileges. The accessible portionis a
portion of the query nodel 56 that nay be viewed by the user. In a

parti cul awvowsoe¥abodi nent, the accessible portion of the BGTAR0RME query
nodel 56 may al so be the portion of the query nodel editable by the user.
Determ nation of the accessible portiom®f the predefined query nodel 56
may be acconplished by determning the user's privileges to the 20 query
nodel and then determ ning the accessible portion based on the user's
privileges. |n deder,m macngstée @8Aessihee gmmrtewn 30f dbenlepadsieftiheed query

nodel 56, the server.30 may al §o term a_Rpr ct por o t he
pr edef i ned Hﬁ%‘i@flz%eqm@é? 6?“0%% %‘r%o'?te%t?@% ﬁgrl%%lgn 1:2‘121 t heh&r:enr%% ing or
ot her suit abBe, potid ornefryt heompesef i Nk qddeplapdel thé. adteskddei bed in

nore detail bel ow, the query ¢c oser 122 conceal .t he protecgtive
portion of Pﬁ’étb‘?%o%é]i P%?&%%ﬁadgl*ew %{’T‘E%Jr \A%)és]et%rto T b1 edi t&? to the
protect ed gHepobibodimdnt he yHeedahiergt @uaposerdell122 \AR=PlaRa723 _
PCTI US00120691 = 25 Next, at _step 284, . th erver 30, downl_oads th
predefined g5aPHicRLeYi%6 PE PRESEFIRIE §T§? euERhS 2%%}nfﬁg ﬁ%@ry
conposer 123rddepimed qlvrpaeera He poitddspfyie yieedefdesadbieery nodel

56 to the user. In 5 one enbodi nent, the_query co er. 122 displays a
gr aphi cal vPERFLPR actht FURY FAROEPEnEAT s BET ??\Ila‘fr"%aofh@e & «?Fi%ﬁ é query

nodel 56. | podtsphaymgthbe peshaSinede qpetdi alddihesquety gampeser 122 nay
conceal the protected ortion of helEEF)redefi.ned query nodel .56 to prevent
10 edi%ing SAUFHRI A V&F‘“’Pﬁﬁt"%o‘? HP P 8seding to step 288, the

query conposer lgdoceeding to step 288, the query composer 122
receives user edits to the predefined gquery model 56.
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 gquery model 56. 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 automaticaliy
generates a database gquery based on the user-adapted
query model 128. The database query comprises textual
SQL that can be executed by the conmnection 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 1leads to step 300 in which a

multidimensional storage model 100 is generated based on



receives user edits to the predefined query nodel 56. User edits may

i ncl ude the selection or desel ection of database tables, colums in the
dat abase t afyoagmeand 15 j oi ns between the dat abase tabl es. pddrwsaoze491 st ep
290, the query conposer 122 generates a user-adapted query nodel 128
based on user edits to the accessible portjpon of the predefined query
nodel 56. At step 292, the user- adapted query nodel 128 is uploaded to the
server 30 for 20 execution. At step 294, the SQ. generator 74

aut omat i cal | y.nJeperaies a gat a&%%e ST e rRaShch Ol i ditpladaniRge query

nodel 128. The dat abase query conprises textual SQ. that can be executed

by the conneotédel nd®diges REedo t25 gemerstm PH¥ofuedrilht Wywemahee andhe
server 30 recgl t r.es previ ously described, the
query result§9g¥%§fﬂﬁ%ﬁ%aﬁ%y%%bgfggeéEsgﬂgﬁiéfﬁéﬁ 30 by th%@%ache q%nager
42. Proceedi ng to Ridsimiiggal . dtcep 2%@ciisfionhd ques§er30 | #PBudes 1
mul ti di gensi q P th fg 1,51 0N t eads to
ﬂ?i S P Bhd
step 300 in |c%ﬁ}%éﬁlﬁp&lngﬁéﬁgﬁg%ag%g?%‘gelrﬁ%éélﬁoaél S generated based
on WO _01/ 09723 PEEdISG0N2069&te6 zm@ rlesadst s toAt stepp 3@{2, e Whfiﬁh
Through. and Tereael Hiedlt Hinkddibhal "Fiesd SO UBERA padla b
step 298, if the majueirgh neeshbrsnl anstgss s 3i02 nandi rilcakeedh thead\o tier anch
of decisional ;step. 298 | eads 1o st 304 .in whi.ch, re t singl@
di nensi onal v‘il%‘\:/\}s&aorn@%ge%ﬁpat:"eo 'ba?%d qgencmtlﬁélac]iugrtfpr %stﬁls't gg’leSt eps 302 and
304 eaah | ead3t odeterminemalwhetbpr3dhe Aisalecidsipbes] gieqy 306delhd28er ver

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 each 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 dec¢isional step

310 leads to step 312 in which the query 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 analysis by all users and allows

novice users to effectively use available information to

30 improve operations within their organization.



10 30 determ nes whet her the user-adapted query nodel 128 w | be stored
for later reuse. If the user desires to save the query nodel 128 the Yes
branch of WBf08123nal step 306 | eads to step 308 in whi FETYR0020634 y npdel
is saved to a selected portfolio 58 of the user or a 15 security group 58
to which the user has access. Step 308 Ahd the No branch of decisional
step 306 each lead to decisional step 310. At decisional step 310, the
server 30 determ nes whether the query results are to be stored as an 20
hi storical snapsFEBUREf6aigsar bierkcdiagsant ot busheating  dataids; efhapshot
the Yes bragpl ghed5Cinbonal e8! ¢ addrbeads Jouis! i MabddinhicClud he query
results are sel ected portfolio 58. Step 312 |eads to the end
of the procebs t;;nreﬂﬂm;h anyewtlefi-ned Iguetlispgmbogdiment | s theoqURY to a
oo for A0RRLIhEORAN AN o iy 0P BRELCHLBOE: 6U8KY oG 56 15
di spl ayed an ered using a grap A View of data el ements. This
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effectlvely ai ]l able 3G sidLQve n thin
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dlngg(rjam il d];s'b.varsngsdettm | pevform hdhguergquest ne 8Then dREDFHERE with one
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82 is urt hér operabl 0 determ ne e ‘necessary order e data
drivers 84 twxiperforsat e rdgues¢cessary 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 respohse 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 based on the query request. In omne

20 embodiment, the data drivers 84 in the library 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 Dl

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



10 generate a driver chain conprising the necessary data drivers 84 in the
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driver chain 320 in response to a query 15 request. The driver chain 320

i ncl udes data drivers 322 '‘necessary to perd®rmthe requested query. The
data drivers 322 are dynamcally selected fromthe |ibrary of available
data drivers 84 and ordered by the intelligent dataset 82 based on the

query requestgolibPNand0 eH8CHEIEMatal Needatkasdri vars 8hisn wayp, | iteary are
derived froma base class for which all interface ne%$qgi, ggll t he next
driver in themedihiat |nemy s <BPHHG nBAt , e™RALKS dafH2BPRYRt 2%as &°THH n

priority for placsienici Bedfos@MBatabakeVeuResiki.on Akt Bi rdsha tGhaite 320.
As used 25 herein, the termeach neans every_one of at,|east 3% aubset of

the identifi eePY¥ialsl0 Faped Haot | PesERat Rl &8 ofP PR L FHEL 3 i n 320

| ncl udeg dat 3G ML tHR odf taNdrBYiababaadhbyREatl cRETb@EImest f et ch
databas§ oper t10on mﬁ?ﬁ% retdﬁns 30 ?gﬁuésted records. The returned records

are next sortégtebligence gorfel DY dadred¥es@d by data driver D3. Data

driver D4 then per t St i8635mN 12 ubbeat Iy 1b Zdion of
PCT/ US00/ 20691 28§fs%dﬁsﬂejg‘r%%?;%exedld§?§ Y &cords. In ?hilg&%val, t he

modul ar quer yteaginmmhg@emaueys sengitre didkd i¥c c a6§OrABRABdSWE peétior m
dat abase quer j odﬁ\???c r§5 YWl %%Psteﬁeo&h@EnEQoH?edRQPéran§U@é ot e for

parti cul ar database gueries e cost to provide and maintain the
busi ned® int 2| thermethpd theging s se6pced0 ROURECH # STREFY ovPWe r am

il1lustrating QQefééé%d)fby the intelligent dataset 82. Next, at step
342, the intelligent dataset 82 dynamically selects data
drivers 84 from the library necessary to perform the
query regquest.

15 Proceeding to step 344, the intelligent dataset 82
determines the order of data drivers 84 necessary to
rexrform 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 calling 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 functiomnality.

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

one embodiment of the present invention. In this



t he nodul ar query engine 80 in accordance with one enbodi ment of the

present invention. Referring to FIGURE 10 7, the nethod begins at step 340
in which WOS#%89797 r equest is received by the intelligentPCFAISA920691832. Next,
at step 342, the intelligent dataset 82 dynam cally selects data drivers
84 fromthe |library necessary to perform%he query request. 15 Proceeding
to step 344, the intelligent dataset 82 determ nes the order of data

drivers 84 necessary to performthe request. At step 346, the intelligent
dat aset 82 siypmiiinedilt!,y ttensétardge ansielvero0Chatblizespai siomgsphesaecessary

data drivers_in the necessary . 20 order t.o perfaqrmthe; gu request. Next,
at step 34@THHEFSTHZE el %é?efg‘?xég&ﬁeesofft e rclx%/eglrei(:: i n ltﬂg perform

the query rgddiasion, Wehiei Btokhge thdd€l ThRiused e dmiens eixrsh32eaterexecut ed
in order wth ch calli a next driver 84.in.the_chain upon

conpl etion ‘&t ?f °‘6\Aﬁai§‘éﬁ%ﬂ%}ﬁ "R erggﬁf“?‘}c?#&yqﬁgfgor%%gi ﬁgggﬁ and
dat asst 82 tHe njddll Qdbi 98 todlepamsrsd. and can be easily nodified to

support new functionality by _adding data drivers 84 to the library and
progranm ng t he R&EREEEPEG &Rt F&%E‘e%'&é‘fs W%%anﬁﬁg?lﬁloﬁgf’ﬁ? 30
FI GURE 8 i smeadll opdo déafiswibdd 1disdTad | 3gp dBbAi eaclof dimemad dn damdnsi onal

storage nodel 100 in accordance with_ one enbodi ne of t.he_ present
i nvention. §}Pk h?ézvxéqafl/%)gﬁ%cp%ﬁﬁ%sG‘GF‘?B%é‘in'29%: o&’i"ﬁ‘&ﬁ?}"{*ﬁg st or age

nmodel 100 usiddZ€36@ NESnt3 Sent2i&hi tanl uassboeiated Ndatd heakuee of the
nodel 100. In addition, the_ storage mmdel %00 uses agnggn architecture
r

to afPow catErfagtsshLam e SEa MR} L6e cHip PReSh8%el 100 is

constructedsiots 362 contain data calculated based on the extracted
data. _

For the illustrated embodiment, each dimension slot

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 entry 374 includes a pointer to the
-associated data wvalue 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 wvalue 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.



Referring to FIGURE 8, the nultidinmensional storage nodel 100 conprises a

sl ot 360 for each dinension and a slot 362 for a cal cul ated di nension. The

di mensi onal wo®109727 360 contain entries and associ at ed dat aPUHUSHL06)

extracted froma database while the cal cul ated dinension slots 362 contain

data cal cul ated based on the extracted dam. For the illustrated

enbodi nent, each dinension slot 360 includes an entry storage 370 and a

di rension storage 15 372. The entry storage 370 contains a set of

non-sparse entrieg ek o 1iMcerdinmearion@ilng icikee BB0ons Rysseiddd yfor only

non-sparse entries are included. The entries.,374 represent cgn%n tric

di mensi onal \RASlesPERTSRAEIE EBERY 37 %an o286 aﬂtrgtfﬁfgf‘}fr’\?&lo&@ 376 n one

20 embodi ment; 3 SaGHTE i b IHtraekludes BepRéshehohospitse aatnried aadat a

value 376. Alternatively, the data values 376 can be stored al Qng ith the
S

entries 374 i . GRECRRALY sEypeRRior® BEPH t$R%poi nt éPE afftsefrate

storagegof thgCatRnedlsd®ndi6. DoNeyer .3gonPr eMesudds ef fomel eney antbre
processi ng speed of the multidinensional storage nodel 100. The di.nmension

storage 372 iirYerdijensdogada vhinEs. 376 ZBsoRf ed SWPCHIERRFi es R, in

the entry sto{aae-Findnsibha1daimivdl 489 IA& I BPLESLELL tbnhAue cdi nEHwonal
values 30 for each dinension. WO 01/09727 PCI/US0020691 _30 A set of

i nt er di mensi orBficients BEensalr hatawery dhe difensderadasdOtentdd 3. Each

i nterdi mensi offlnd 4 MG rdA8RL ErBR &R éﬂé@{%ﬂ@.ﬂ bet ween non-sparse
slo

entries 374 in different dinmensional s 360. The set of 5

i nt er dtRensi onal |Thek sirdmrdimengdesadndipks @@ collectively identify

all intersections between non-sparse entries 374 in the
dimensional slots 360. Accordingly, all intersections,
including non stored empty intersections, can be
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 is determined by the 1lack of the
database entries in the model or the 1lack 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 1links 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
calculated wvalues 382. The calculated wvalues 382 are

values derived from predefined calculations requested by



i nterdi nensional links. In one enbodi nent, the interdinensional |inks 380
are bi-directional to allow efficient traversal between the dinensi‘onal

sl ots 360 WQ01/8%12Ther direction froman entry point. 10 TireTiustomoesinensi onal
| inks 380 collectively identify all intersections between non-sparse
entries 374 in the dinensional slots 3681 Accordingly, all intersections,

I ncl udi ng non stored enpty intersections, can be determned fromthe
non-sparse entries 374 and traversal 15 of the interdi nmensional |inks 380.
In particul &, asewl | conbémpoetidizlyet weith dathbas adgtigimensiomal i r st and

a second dinension is_determ ned the | ack of, the at.abase,entries in
the model orfSFE9F,JROA 11'("ﬁ1t'erdi i oWatle; ke 3§E‘Igi’rﬁﬁ@8’f‘?ﬁﬁr‘?£]e entry
374 in 20 t hadragst mddaRN3bONpkevies eah! Ypehi hbehsesOndrdli e NSl Dow
Non- spar se in&gr ections between entries 374 in a first and second

di mensi on arr@ LG -BFAPR8d b§tERBver $Efig t FES2EAPBY di nEASFENRPTFRTAS 380 from

the specifi edlenlbyibAs ieQubbted Wynefise Olske twitspehef mdeantdde in the
second 25 dlnens&on and_t hen obtalnln% the data value 376, associated with

the entry 3EFSCRIFHLated oY REFETON B DRERITHEE | ATNSFESAOE AtShed by

traversal ofededeiohnNic dine@nmb@eRl 1600=age 1B dehpt&ie | Eheuldpeled o furt her
processing as _described in nore detail below 30 The cal cul ated di nensi on
362 i ncl udedUdtigimgnsienal AnAly#ifal ues 382. The cal cul ated val ues 382 are

val ues derived freauptedefigned srber atdgAsm I euvestLst g k& 08427
PGT/ USQ0/ 20691 31 a user contenporaneously with the nultidinensjqnal

storad® noddatRodloTRRE amiserPharyumMLgiainerdianal ssprage fRfa!l 100
provi des an 4@Rekod GlHd abidtiA ak) @ak@W400. Referring to FIGURE 9,

the exemplary data 400 includes dimensions Cl and C2 and
calculated dimension C3. Dimension C1 includes unique
entry values A, B, and C while dimensgion C2 includes
15 unique entry values D, E, F, G, and H. The calculated
dimension C3 includes calculated data values 1, 2, 3, 4,
5, and 6 corresponding to different predefined
calculations.
The exemplary storage model 402 includes dimensional
20 slots 404 for dimensions Cl1 and C2 and calculated
dimensional slot 406 for calculated dimension C3. In the
Cl1 dimensional slot 404, the dimensional storage 410
includes unique dimensional wvalues 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 Cl and C2 dimensions. The

calculated dimension 406 includes calculated data wvalues



calculations after its creation, contenporaneous 5 cal cul ati ons requested
by ‘the user with the nodel are precalculated and stored to m nim ze
processi ng wébpeerzcreati on of the nodel 100 and to i nproveraiusospesol of

mul tidi nensional analysis. FIGURE 9 is a block diagramillustrating
exenplary 10 data 400 and.an exenpl ary mgsti di nensi onal storage nodel 402
for the exenplary data 400. .Referring to FIGURE 9, the exenplary data 400
i ncl udes dinmensions Cl and C2 and cal cul ated di nensi on C3. Dinension Cl

i ncl udes uni que gntry va uesSGA éihd angd Gudddiatddensit Grddudimeas 15

uni que entry Values D, E, F, and H_ The cal cul ated dinension C3

i ncl udes cal daltemsecgapasvafdata ip the QL ang C2ndimergiPREponding to

di fferent predefl %Jl ulegge;n%g_ h&%g)l Abdest Y @ge Imdeéaﬁloge

i ncl udes di nensi onal slots or di rénsions Cl and C2 and cal cul at ed

di mensi onal slefteraddetor foul ewhmpbe, dthehsertricaliyes He and Lyifedeonal

sl ot 404, the,di [H?f e IMeéhwlgg@,défger@rg{ggteual ues
A B, asnd C. ﬁry §§%§8§g4i§‘l?ﬁg Jal:':jes entries with which the data 25
val ues are asl:spcuaita:t'dandnp@onaér slinks he42mt a valtuessan Sll?ﬁ I afr"r%}'-heﬂfhe C2

di nensi onal t B tersaid K n

di nensi onal sc{e(;%reé"é"gif 4q;|h%%nt ry gfaaldit}%l I ncl udgtsD er?t rllnes assomlgt ed
with the datthatal uheyararq)onqtercs:mcrthad doy a ingegddmengiepadr diimkssi onal
links 420 idepdfy rsection toli]lléﬁ datgs i the A
and C2 di mns%dns #‘Etre cal cut a%oﬁ?%g@rree({]ns]? on l'5160:) I'nclu es cal cu at éLd dat a
val ues1\D 01/497 2hePCl @SE@riesdf 3pterd2megsidnak, linds connasti &bed with
pr edef i ned

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 gquery 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 values

are then fetched. Thereafter, for each dimensional wvalue

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. If 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 wvalue 376



I ntersections of data in the Cl1 and C2 di nensi ons. Fromthe exenplary
storage nodel 402, it can be determ ned, for exanple, that entry val ues ‘A
and D i n We01082T1 and. C2 di nensions intersect in that tREUSNRBbONNect ed
by interdi mensional |inks 420. It can be further determned that entry
values C and D do no intersect in that 3hey are not connected by

I nterdi mensional links 420. Entries are connected by interdi nensional
links if 10 any one or a series of interdinensional |inks connect the
entries. Fl&tdfed Oins ddmkhetodi atoxagel 1A%2.r at iTmg edvheithodas¢ or thener at i ng

and using the nul tidi nensional Q d 0 or. e w.th one
enbodi nent FOSHRICRSS BF & FATY n\t'fécﬁ"?rl EsegD j’?altlhac’r"‘r}l gﬁlf?oaﬁqﬁ%ﬁ 0, the method
begi ns afj E&ﬁﬁtﬂé&:}ﬁen&ﬂn@hshmamunﬁsmaeu 6ozl theoeageieanddt 100 is
generate t he nul tidi sio er 44 | n a quer
a5t el FEor et HRT P el YRREIITokE C 0T

request an heé quéery request 20
speci i es tﬂ@atdl lﬁ&asnﬁmﬁsiﬁyi deka drerm ons Imr aﬂﬂetionl t i ixmrebbeonal

storage node| 100. e enbodi e multid ngign gmenager

44 gener at e’§1$}h‘é'“iﬂﬂtt |%W&P&nageg?oV3383%58}:°h%§0§8y ?I rrsTth?' chi nggdata

regotrjdts f rOals&é hgagedr 6g. tﬁfer nﬁStEﬂﬂ:ﬁeﬁkﬁmaleaﬁrﬁdbl ttenajevervsd onalt val ues

an ata values _are then fet The%lﬁafte each di ne @Sl onal val ue
del® ﬁ'rﬁ?'é 7 §

of a data r&th} d Behe WHFEFHP NP et EFFAgS i f the

di mensi onal mya@d1ieLdos n&&ebénbthérﬁi&é)‘suﬁaﬁl&ggeﬁéﬂateﬁ whi ch case it may be

used. If the 30 dinensi | pe, is not res LN the ntny,stoLage 370,
an ed®y 374 is Ri&H ef orm\‘ﬁé %r g gf’ﬁ%g?n e‘lry éf)orage 370 and

the correspgasérgr<int e Upt B Hrddaddl/ Qﬂa??gtégcumocmeegﬁep 442,
the multidimensional model manager 44 receives a view
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



33 stored in dinension storage 372. In either case, the dinensions are
next traversed fromleft to right to create interdinensional |inks 380 for
the entri esw®mtnomns entry storage 370. Existing links are pewaso/20si1l e
links 5 that are missing are created. In addition, for the right-nost

di nensi on, data values fetched for the recgjd are added by the

mul tidi mensi onal nodel manager 44.. It wll be understood that the

mul ti di nensi onal storage nodel 100 may be ot herw se suitably generated. 10
After the mul b 8t PBNRLANEINST 0S8 "RARLGdLO 44S triDerét elevsd eRatdls
proceeds to step 442. At sr% ep 442, the ?rultidi nmensi onal nodel manager 44
recei ves a vi éar fémepsional entrigrtabfthese sPeRitins di nBAsFERE1IAYE/ or
data di mensi opfie NEXt. rébosd ©PAé Ams it RIMAHLUnaRN FhARgkr 124 MREELrIBBAGET
44 determnes traversals necessary to generate the view fromthe storage
nodel 100 andte mever thegrpshhtmest elildtinveheaviewhe Ffabhesyightare
defined gy th echlihad sq | 1 Be +3hYsli t98nel0iaRa Wh&ENGLY
determ r?gd bag'g eo%hﬁ%\jav t%ermn%@%i'ogfgsagm organ?zgg. n (_)ne.enbodiament,
the mul tidi rensluesl fetehed meatagathet4 quamensy ePogitipne aWdthinextheecord
Tight- to-1 oft PeeL TR OB edd Roded e oo (2o PERETIOT (e
first record, chhddndbt ndtroeyvabiel tbeemulpidigensiangbsnpiehsmanagest

di nrensi on sel ggt f displ e fi te t va) t,.
all parent e%gritaaggf& t?crﬁr@%ﬁgg%é]tggf%%{l g?t té?%t E\%ﬁ%ﬁ'st 1'y"g"’nl% rl\%é are
posi ti difed tothlkeentkyr dmmediapely oragbhealleft 8f el ¢hddd-i esIf whbeh are
those to the phgbhe Ofs!fSvasfd 24 d S T2Y 12 ondEC aftliSLEOGLEL OPaTLS Lhel 1

first

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 the entry 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 multidimensional storage model
100 from the entry point across connecting
multidimensional 1links 380 to determine the existence
25 and/or value at a specified intersection. At step 448,
the wultidimensional 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 wvalues calculated until



entry storage value. For the first record, the WO 01/09727 PCT/ US00/ 20691
34 nul tidi nensional nodel manager 44 then retrieves values for dinénsional
entries atWOMYEpositions. To retrieve the next recordPCTAE00/20691

mul ti di mensi onal manager 44 attenpts to nove the right-nost child in the
view. I'f the right- nost child is novabl@% it is repositioned and the data
val ues fetched at the current positions within the nultidi nensional
storage nodel 100. If the right-nost <child is not novable, the

mul ti di nensikddaltravdeisafendgore Heemt tomplated. novEhe h§opdrenchofoff hat

child, whi Cﬁeicg]si:gn%?es@ég r4ysd' rpfﬁ% ii%ShX Ec? é@e Igzt of the child. If the

parent .is nova IS repositironéd and the cdata vValues fetched at their
current positionatistepe 4523 tdakareasdodafoshatboge oodplhit 1EFoml fthehe par ent

cannot be poyed..an attenpt is_nade t % e.parent of.that 15 parent,
B ot S TR R Lt s e el
process repeareddunt Ik mwdlpabentmdersheod. tBatt bhe moalbidiherssienclof t he

process is eached. Lt.w be undersiood.that the tr rsals an
Bt arting poPFPEadE, IPAed niof, ey PReRERSRT AL ont ot IS Rty be
otherw se sanhtiablymaei s ndated. Rloesed Nyt sephept ivd, thd ecravdursailnensi onal

nodel manaﬁer 44 traverses .the nmul tidimensi ogal st&rrngge nodel, 100 from
the entry pSPRE2EE?BsSTOBNNES | RE™AFH310 ndRSi §ith nk%p%?%’toélsdeterm ne
t he exi st enpeo2bsaiuly asf fiadiemcyt ia sppeovedd i ntersection. At step 448,

speci T ed 1 nt or SYEET bn SNGHESFat 188 6p 8 A ErmPLHF hort Bhal Mode
nmanager 44 daleidinessidietlner stadage i omddelr aviocal 4sexigtaghircally nodel
100. if 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.



30 additional traversals exist, the Yes branch of decisional step 450
returns to step 446 and the remaining traversals are performed and

i nt ersecti o eopgezpes cal culated until WO 01/ 09727 PCT/ USCat2aStbkosed> al |
traversal s have been conpleted. The No branch of decisional step 450 then
| eads to step 452. At step 452, data and iggormation output fromthe

mul tidi mensi onal storage nodel 100 is summarized and 5 sorted. It will be
understood that the nultidi nensional storage nodel. 100 may be ot herw se

configured to pr e%%rdt?uaa'l‘i E‘ém&a"sl:%éefl?h'i‘agjﬁ‘%éﬂ?ﬂus@’a&%raf?“cii%ltéiﬁ

[ romthe summari zi ng ortln% operations,
58,

traversal operation _ ]
processi ng efd¢f crehated swindowy€80 10 Recordancet apthsens rgraditnent out put

fromthe nultddipens| St; ;gRdel 001 [ hspligyed to
the user in aéér e%ﬁ%s?ggg%%wag&'ggﬁég@iev\ers féi%ﬁhﬁ%ﬁ%ngiiléﬂé
Proceedi ng t clikmliagi oviaddowt 480 4861luilés aaldinenwnibar 4 &asvidite & etpristad, t he
Yes brapch 15 S sﬁgﬁ 442 1 n | h | r e n cified
di mensi gns aroef (raé:lgie?v%%&én e %Sréoc%%\gsg)gér]ee%eg%%%gn\%t fe'ﬁﬂalg grge%lfes%?%d Vi ews
have been conpispley anichddwspladPed t oA hecasder bakt t4%0s piai ntdigposelo
branch of degjs] 6 d of the process. 20 In this
way, the busilﬁ{é“zés&%%gzlteél&lt ?’géégedﬁgﬁr?éarfd %#%%og\efdlq'des a nul tidi nensi onal
st orage nodel 100 Te rdieplkay swindamnd4sonphostderpr oebylerw) spastsilogat
g ) 1 . : . |

2dd T on, & YRR 8% 2T L Rortiiidd oWl e A e "
i nt er sd0t i onscatwliogewindavwt 43t i ciThat exhthlraggwindow o49%i dakpdaysnat i on of
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' window 494 displays the views 1linked 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 linked by the
portfolio and displéy 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 componénts 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



The additional views may include pivot views and data drilling for high
and low | evel analysis. WD 01/09727 PCT/USQOQ 20691 36 FIGURE 11 is’a ’
screen di MPAMI? ustrating a display of related wi ndowPGBUSIROEICOr dance
wi th one enbodi mrent of the present invention. Referring to FIGURE 11, the
di spl ay wi ndow 480 includes a nmenu bar 488 with a variety 5 of pull down
menus 488 di sposed along a top edge of the display wi ndow 480. A tool bar
490 is disposed imediately bel ow the nenu bar 486. The di splay w ndow 480
further inclofdeshen dizpdlayy windmovoR?2 andtaopobairolios wisdéiegdedd) acent

the 10 catalog.,w pdow 492. T catal og w w 4 di lays a file
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tabs along a top edge of the portfolio window 510. The
view buttons 514 are each operable to display an
associated window 512 aé 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.



related views in a portfolio in accordance with one 30 enbodi nent of the
present invention. Referring to FIGURE 12, the display w ndow 500 incl udes
a nmenu bar WP a variety of pull down nenus 504 di speceaise206sy a top
edge WD 01/09727 PCT/USOQ 20691 37 of the display wi ndow 500. A tool bar
506 is disposed inmmediately below the nenggbar 502. The display w ndow
500 includes a catal og wi ndow 508 and a portfolio window 510 as previously
described in connection with catalog 5 w ndow 492 and portfolio w ndow
494. I n the ill ustgptishpDeHE MPHesetite M MKt ShisalBten B Se2B5bAM t h
the portfolio wi ndow 510 to provide optimzed view ng. To allow navjgation
bet ween the WhkPni z&8VRFANows SWPREIMBBESoNs TR¥IQHE pr SAAREES n BARd
response to NRYaiEZadt Rhemad ‘Hen%%\ﬁggéég_eangodbﬁgl aiethés idabse al,ang a top
edge of the portfolio w ndow 510. The view buttons 514 are each operable
to display anItai8oérhergedi kEaty the Ryeeast sénveRtifpmdRFeTPasssBide to
activatigon. TBhsngéd OMd URsli¥il@eddhekhy #091€@sthyn 1endaYS Loatueen the
w ndows. As a result, users need to constantly nove, close,” open, and

resi ze wi ndowBPPendgd\Flaimsat ed data stored in disparate files. The view
buttons nmay be otherw se displayed or generated in response to other

sui tabl e events. For exanple, the view buttons nmay 20 be generated. any
time a first wi ndow becones at |east substantially hidden from display by
an overlying window. Thus, as soon as a user indicates that a w ndow

shoul d be maxim zed, positioned, or displayed to cover a window, a Vview
button 514 may be generated for the wi ndow to be 25 covered. The view
buttons 514 may be positioned independently of a correspondi ng wi ndow.
Thus, they may



be displayed adjacent to or renote froma corresponding w ndow. WO
01/ 09727 PCT/USOQ 20691 38 Al though the present invention has been ’
descri bed WRRIMP7%7ver al enbodi nents, various changes and PCRYS80020694t i ons nay

be suggested to one skilled in the art. It is in_ment
I nventi on enconpass such 5 changes and nﬁ&ificationmﬂm@al wi thin the

scope of the appended clains. WO 01/09727 PCT/'US mﬂ I””' VHAT
IS CLAAIMED IS: MS 1. A nultidinmensional storage - -no

conput er rediHRR dSHEEABMERPHES ;rul ti di mensi onal storage model co ri'sing: 5
a set of non-spapse eptria6g fQL88¢8,2% as"?%g{%" ePf r@sq_ggﬁgongn each
assocl ate a va

non-sparse entry |dent|fy| ng an a sef

i nt erdi rrens|Qnmutbrnksea@ablemcmenba-.spahse mlelmmmeemmnaht estoragssi onal
link identi dﬁe 1‘9 ersection between non-sparse entries in

di sparate mensi ong the interdimensional |inks collectivel y
identi$ying all a mesr s:écmwnspbes«weentnms sper seacintof ez phutrdbity

oL ors) s b L bR 0l ORRge sy LA wtherelT
mul tidi rrensmamlcmtedagetamdﬂua)f Caim1l1, further conprising:
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 s8set 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 wvalue 1link identifying the associated

intersection.



a set of calculated values for a calculated dinension, each calcul ated
val ue representing i ated intersection between
non- spar se wototos7i n 25 di Sﬁr ate di nensions; and a cal ceCrUs@208ue | i nk

for each cal cul at ed va”lmluull lIHmBHI ted value link identifying the
associated intersectilol CT/4400 20691 1~ 1111 111211 11111
L1 11 1111 40 4. The" mi ti'di fendi ohal storage 'nodel of Caimi1l,

further conprising: a set of data values for each dinension, each set

i ncludi ng associ atged daha wRh¥edikRhsRBAaSPRESRagEt MoBEL of TlEm 1,

di mensi on; and each non-sparse entry including a pointer to the associated
data val ue. SEUthawioeePIisAPgr| i gence portal residing on 10 conputer
readabl e nedia, the busi BESYkAl &ld1h RN CEPOLAEL GARERELSHhNT ea@hCdetnt
portion operable to request a database query for entries in a plurality of
di mensi ons; airekudingrasetiatingd afrka t yapues odfert MORARAFESe eTFiffery and
to genegatez%ﬂpgﬂé(gi ﬁgﬂ?la jorage nodel based on results of the

dat abase query, the nultidimensional storage nodel conprising: a set of
non-sparse entri esedaly BeBhSRAr3e engryentnGiydinsnch mrinkey secerfthey

I denti fying %sg&mgaﬂgeqagﬂgg val ue; a set of interdinensional |inks

for each non- sparse entry, each interdinensional |ink identifying an

i ntersection between non-sparse entries in disparate dinensions; and

5. A Dbusiness 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 link 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.



25 the interdinensional links collectively identifying all intersections
bet ween non- sparse ' i rensi ons. 6. The business intelligencée
portal of WPAWWZ, 30 wherein the interdi nensional |ink®Cag§00/20691
bi-directional |i nkimmllmmuﬂm /US001 20692 I 11T ILL 1111l 11111
11111111 41 * CL M 318 i ngel i gence portal of Claim5, the
mul ti di mensi onal storagecnndel"fu?tﬁbr conprising: a set of calcul ated

val ues for a cal culated dinension, each cal cul ated val ue representing a
value at 5 an a%sociPhedbusifnesectimelieyencs portaparse €ltimes, n

di sparat e ditgensi ggs .and a cq1l Cﬁ:%l ated val uﬁgéi nk for each calcul ated

val ue, the “65 PUFSIASARARRaY fEoragn: PPYeh St sk SSIPEAEA™9 nt er sect i on.
10 8. The busi neas isetel ldfgensaduliatald ofrallugism For f uit healealgyddsi ng: a
set of data yalues for _each dine$i$, ch set in%l.udi ng as_,%%ﬁi ated data
val ues for MORSBREPRe BREPi ERlcURted (YRIUG RERNSFIFOCING & HRen-Apar se
entry 8 ncl udnn@seopaatélr ihbekbect &b Obétiesh Godri-spdrse dhtrAegetimod for
generating a.nultidi mgnsional 20 storage nodel, conprising: receiving
results fro ﬁpaﬁ?'é%;@’é“edﬁe‘ﬂfsf‘of’nént ries in a plurality of dinmensions:
generating a setaotalellapéd seakiér leakl Foreadtidfcaldifl Mtidde R 1S,

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
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 gquery 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.



25 identifying an associ ated data val ue for each non- sparse entry;
generating a set of interdinensional links collectively identifying al

i ntersecti oweov@d™Een non- sparse entries in the di nensi onBCT/B8P0R0691 The
met hod of Claim?9, mherern—rhe——rnrerd“nens|onaI links.are bi-directional
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11. The nmethod of C aiI I jl' rising: receiving a calcul ated
di mensi on; generating P&t ed values for the 5 calcul ated

di mensi on, each cal cul ated val ue representing a value at an associ ated

i ntersection between non-spar ip disparate dinensiaons; and
generating a cal cutht ed™R&l iﬂcidnf |l'L Qcﬁ Jé’é?@hefrat FERFAIEI t he

cal cul ated val ue | +@kei¢any |5 )da&@ul&@eﬁhalﬂéﬁﬁmmi ed i ntersectl on 12. The

met hod of Claim?9, identifying an assom at a.val u for
non-sparse entry S8RpFish ‘%/ﬂg Fendieht é‘gﬁkﬁgn ¥B PER e ?’Fy "'ah%m nt er

15 to the assegiahdtéd@t aiMehsifon V\Q-Q&ﬁOazzaufﬂéwsmaea%presentmg
LELELELEIEE I ETELEr et 43 ¢ L deternining a

3 as 13. A, netgod for
i ntersection 3h¥Pi¥En 3k AT assovipfef, 1aterAertiPReREFBRCANTCE ERRDTY
entry in a SGEHEQ:LQB”ﬁﬁsaﬁbaf&@ﬁhﬁlleﬂgloﬁépvaﬂdng a mul tidi mensi onal
storage nodel 5 including:
generating a calculated value 'link for each
calculated value, the calculated value link identifying

10 the associated intersection.

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

15 to the associated data wvalue. -



a set of no
entry ident

entries in
the multid
st orage nod
i nt erdi mens

i ntersection exi 38s bat wemithiode fidrSt detdrmindid t hen Seanbdreedt jor N
interdi nensional links leadjng fromthe entr oint t
PeteERe % FOREE FEYoI1h. & 15 7ot A{TRIOE RS A raeend

response to
second entr

n-sparse entries for each of the dinensions, each non-sparse
ifying an__associated data value; and a set of interdinensionaf

| i nks col IWee1a&E7?y 10 identifying all intersections bet REDIS02D98par Se
the di meng Iy the first entry as an entry point in
I mensi ona”mmﬁluulmmmﬂl ragersing the nultidi nensional

el from 15 tHKe éntty poimt toward the second di nension al ong
ional links connected to the entry point; and determ ning an

20 the
t her

conprising eigh® Fhnangetdtiod Vil ehdfont, heomptessegi i on froma data val ue

associ at ed

5

10

15

20

with the ond entry.
prov:s.g:lg.;ng a y 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 1links collectively
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
the entry point toward the second dimension along
interdimensional links connected to the entry point; and

determining an intersection exists between the first
entry and the second entry in response to
interdimensional links leading from the entry point to

the second entry in the second dimension.

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

value associated with the second entry.



