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FI ELD OF THE | NVENTION This invention relates generally to the field of
anal ytical dwpaVp76tessing, and nore particularly to a dYRENFO28Fery nodel
and nethod for perform ng custom zed 5 database queries. BACKGROUND OF THE
| NVENTI ON Busi ness intelligence systens hegan |argely as decision support
systens (DSS) and executive information 10 systens (EIS). Decision support
systens (DSS) and executive information systens (EIS) were val ue added
systens that pgyavidegusddivMopenahnn MEraoat i on from existing on-1ine
transactional processing (OLTP) systens. As business intelligence systens
devel oped, they 15 integrated decision support system (DSS) functionality
wi th executi vechRteinatimd system (EiErbynctionality, and added on-1ine
anal ytical processing (OCAP) tools_and managenent reporting tools. These
hybrid business Tht2l LNyeREECRy SEdREC LB gFAH Al F9 HdFed ¥4 95 main 20

frame environpeh{ricap dhshr bRULEsk SR, VesddeskiOPpashVé BNt d Ozal | ow
greater user access. Morre recently, the advent of centralized data

war ehouses afyndaianaresy Herdelc ek aethodr 4rut PEXfPEREE CLUStRMATEE | abl e
data wad tingasbe-pes@nalyzed, exploited and 25 distributed within an

organi zati on. Such data warehouses and datamarts, however, were typically
optim zed for information delivery rather than transactional processing.
As a result, pdakazd@nshauses angndadtigmarts offered only limted sol utions
or turning stored data 30 Tnto usefut and strategic tactical information.
During WO 01/ 0976BufiTRISOFEgdhRgence systems egan largely as

decision support systems (DSS) and executive information

10 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) systems.

As Dbusiness intelligence systems developed, they

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

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

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

25 distributed within an organization. Such data warehouses
and datamarts, however, were typically optimized for
information delivery rather than transactional
processing. As a result, data warehouses and datamarts
offered only limited solutions Zfor turning stored data

30 inte useful and strategic tactical information. During



2 this sane tine, business intelligence systens gained prom nence by

of fering sophisticated analysis tools for analyzing | arge anounts of
stored i nf owoatisees t o support effective planning and ded@FTUsHVIPA%R ng
within an 5 organization. Business intelligence systens and ot her
analytical tools typically provide predefined query nodels to assi st

novi ce users and ot her information consuners in obtaining information from
a database. A problemw th such 10 predefined query nodels, however, is
they are gepesi csand tdaenotbsdlidesspecintill igaiceneaystefie opdinen
specifically relevant information, a. user st_hinsel f or _herself wite a
cust om queP§OMIRERIE URYiaPEyeFHRflii FeRh WaAFASe Y e, As a
result, al Lhough: @l | 14888 Sarimithd oablse dredohhdoPmanien | B osambéen usi ng

pr edef i ned guery_ nodel s, nost users are not able to Ob;ﬁ%ém i nformation
that is speEFEFERYSy MEPEPARE t AYhenteSLRVERYIEEHE MRVERT OF™20 The

pr esant inggggﬁpgatpir&y_i des a dynam c query nodel and nethod that
substantially elimnates or reduces disadvantages and probl eps associ ated
with previous Bysingfis ol HeIISISS IFWSFEE @n r?t]b?redgflf“ L4 ftlery  model s
are providedoi 9 ¢9eISai1gf pr%hiasl paéddofineddiduedy abliens tseassisx quickly
and easily adapt predefined queries to their particular needs, In

accor dancenaivi fe ongeeniang AERETof NEAENYF £k (RCTSUREERt LB P52 W bd f or
generati ngigggépgéﬁmgwfo%ﬁ al Nghygdessst ori g dypadafl i peghqueson model for
guerying a dat abase. An accessible portion of the predefined query
nmodel0 i s dpzptiafired cluenys@odepsn Reveeat. ikdheydprs g6nethe Mlessibl e

portion of sthe predefi Bedc HE! Wudmdglectice WRHLAATES BET 5091 30692

relevant information, a user must himself or herself
write a custom query, which usually requires advanced
database knowledge. As a result, although all users are
15 able to obtain some information using predefined query
models, most users are not able to obtain information

that is specifically relevant to them.

SUMMARY OF THE INVENTION

20 The present invention provides a dynamic query model
and method that substantially eliminates or reduces

disadvantages and problems associated with previous

systems and methods. In particular, predefined query
models are provided to users for customization. This
25 allows users to gquickly and easily adapt predefined

gueries to their particular needs.

In accordance with one embodiment of the present
invention, a method for generating database queries
includes storing a predefined query model for querying a

30 database. An accessible portion of the predefined query
model is displayed to a usexr upon request. User edits to

the accessible portion of the predefined query model are



3 received and used to generate a user-adapted query nodel. A query is

t hen initiatgg F on the user-adapted query nodel. Mre specifically,
i n accordance l?tﬁ%g particular 5 enbodi nent of the preselﬁ(f'r $02%P3 on, "t he

display is a graphical view of accessible data el enments defining the
predefined query nodel. A graphical view of accessible data elenents

i ncl udes accessi ble tables, colums and tables, and joins between tables.
In this and other 10 enbodi ments, a user-adapted query nodel nay include
dat abase t abf%E1VEat 4FasESRD| tnReneanget abresy videpsedapyeny wedeindified
fromthe predehidied 1guehkn eRliarbeCBALER] oR RANNALGS AALoLES nt
invention include providing an inproved business inte Pgenc 5 portal
that allows ®#&ly nodels to be nore intelligently generated and used within
an organi zation. ybRe RLbhEi:A 1y e, DUSL dentaldy &?”BQrEE%&l': al I ows
default query nodels to be constructed and altered using™ a graphical view
of dat & el erfesingpct ifE ebhienProgergosspvent iompeciia edigplay wishian a query
nmodel is ay,omptical Lyl nked, S j.es can .he easil| defi ned
and | ater all% e.@é’é %y usgrs W t cgétgsg%jfeegi g%%azegygﬂoéaeta a%gfjlzqnlél 2%152. Anot her
t echni cal adwededgeedf quaey predeiht |iAvgmapbicalSviewc| eiescpssndbdieng a query
nodel and d o] S il tai n and.anal yze .neani ngf ul
i nformation. Q(r% p%?ﬁecﬁ;arﬁ%%%&%:e % ?%21 ldeyuegélbfﬁsdel 5013%5 pra ided to
users for adapilasi orrrand] ciust ohezetdrontablss .a r g€sul thifowhde dtders and

ot her, 4 nfor 1.QC u S C r queries to.suit their particular
needs?’bThi s%lgg?inl&?g%eggr ot‘)%%{ ggfgééacﬁal St pPCaFt JEF s HIdUSFI ows WO
01109768 PCHUsD32069les, database columns, and table joints

absent or modified from the predefined query model.
Technical advantages of the present invention

include providing ar improved business intelligence

15 portal that allows query models to be more intelligently
generated and wused within an organization. In
particular, the business intelligence portal allows

default guery models to be constructed and altered using
a graphical view of data elements. To the extent

20 possible, specified data within a query model is
automatically linxed. As a result, queries can be easily
defined and later altered by users without specialized
database knowledge.

Another technical advantage of the present invention

25 includes providing a query model and method that allows
users to easily obtain and analyze meaningful
information. In particular, the predefined query models

are providsed to users for adaptation and customization.
As a result, novice users and other information consumers
30 can alter queries to suit their particular needs. This

facilitates robust data analysis by all users and allows



4 novice users to effectively use available information to inprove
operations within their organi zation. Qther technical ad f the
present i nYM8H8 will be readily apparent to one skill X’g‘?}iuﬁ&ﬁggart from
5 the follow ng figures, description, and clainms. BRI EF DESCRI PTI ON OF THE
DRAW NGS For a more conpl ete understanling of the present invention and
its advantages, reference is now nmade to 10 the follow ng description
taken in conjunction with the acconpanyi ng draw ngs, wherein |ike reference
nuneral s neprassemers ke pfifestivalnhpes: arriE e IRFYMRAIOR dPagr am
i|lustrati USHAeSS ; oh @ dHiGEREE 1 POS LGN FheAGEOr dance with one

enbodi rrent{%rao‘%S%{phe p%%s_ent I nlventi (l)n; GLnJlRE 2 is a flow diagram
illustrating aQnelodecbnichahi pfuanagrp tdfe Hhei pessenint BIV§RféR8e portal of
FIGURE 1 1 n acgor it | J0ha0028  ETROY BN 19 NG @Rkt IgP¥aNt i ON; 20
FI GURE 3 i“éﬂalf owp |aglﬁ}gm4hal ustrati n(f;1 a m%t hgd fé_lr gengr ating predefined
quer $ nodetise ifioltllowribgsf hawses.i wesicriigbher, pard fladmskl GURE 1 in accordance
wi th one enbodinment of the present invention; FIGURE 4 is a flow di agram
illustrating a method for 25 deploying and naintaining client applications
in the bUBRIER DHSCREPTIOR @R T DRAWSNGEI GURE 1 in accordance w th one
enbodi nent of e pres i pventi.an; (gc.#ﬁlg . | QW di s%gx‘c
illustrating atEhr?gt hdd %% %"e eréetl:t% n%lll:%% e??éb |?1%E a(eqﬁerfgiggno el based on
a 30 predifvered oquesnd nde| advamtcagssdancef sidrreoniss enbodimadat toof t he

pr e%.%nt i né’l?g t }:'8 'OV>/¥1?19‘0 1dé soc%a%% iggntgﬁgr? 2.[916 gr?onj‘rﬂmction with the

accompanying drawings, wherein like reference numerals

represent like parts, in which:

FIGURE 1 is a block diagram illustrating a business
intelligence portal in accordance with one embodiment of

15 the present invention;

FIGURE 2 is a flow diagram illustrating a method for
initializing the business intelligence portal of FIGURE 1
in accordance with one embodiment of the present
invention;

20 FIGURE 3 is a flow diagram illustrating a method for
generating predefined query models in the business
intelligence portal of FIGURE 1 in accordance with one
embodiment of the present invention;

FIGURE 4 is a flow diagram illustrating a method for

25 deploying and maintaining client applications in the
business intelligence portal of FIGURE 1 in accordance
with one embodiment of the present invention;

FIGURE 5 is a flow diagram illustrating a methed for
generating and executing a query model based on a

30 predefined query model in accordance with one embodiment

of the present invention;



FIGURE 6 is a block diagramillustrating operation of the nodul ar query
engine of FIGURE 1 in accordance wth one enbodi nent of the present

i nvention; FMOURE?8 is a flow diagramillustrating operat FEHUGI2082¢ he
nodul ar query engine of FIGURE 6 in accordance with one enbodi nent of the
present invention;, FIGURE 8 is a block @iagramillustrating a

mul ti di mensi onal storage nodel in accordance with one enbodi nent of the
present invention; 10 FIGURE 9 is a block diagramillustrati ng exenpl ary
data for the nul FIGiREnsi deak stlochgdippdeh oLlF$CGURE®R cHer@UREN10 is a

fl ow di agram.i | | .ust 114 a g{gf hod_ f.qr e ﬁﬂg’ h 1.di i onal
st or age nodé&l” ot'fne Iff\%é)gl‘?% ™ cc%% g’ﬁcgoe%;\,i %ﬁéone %nggg}gn%ér#do etéhe pr esent
15 i nventi onithl GuRteddtbdimeatsof egre dirageam intersticat;i ng a display of

related views in tfoliq.of EIGURE 1.i.n __accordance w.th e

embodi nent of thgigﬁ@gg{ntlsﬁ r?‘vgr%fa}”’oﬁ?agraaﬁh lﬁ&uﬁf@él‘ir’q_zci?esraénggr ggn di agr am
illustgati nghel rdawlatasefor engiticgaifi MduEEweEe Nt edadadiavicewsith
accordance w th one enmbodinent of the present invention. DETAILED

DESCRI PTI ON“EE ?ﬂ%"‘ﬁ\'ﬂ% PENE5% BHSEGRE gn?’?’?‘u’s‘?rf’at es a busi ness
intelligence porfaturel0 gn aecordanieck t iekeaenbddilnentading heapr esent

invention. Cenerally described, the business intelljgence . portal 10
provi des i nf‘@SF gjéﬁgrbs&toéla&cc%%%raﬁ?d Wf?%lr nabi o?lcc%‘ﬁ;:??’lcﬁg %erbs8™&n

enterprise, eabodEhéntioSephi ptésaied nd@ntidbhj di nensi onal anal ysis tools.
The anal ysis tools are [ automated and jptuitive to all iw a w de

hi, ghl y . .
ranget®f  users FHRE I?zégsf‘orbéﬂc]‘nﬂ;f%?%tF?)hu?‘?lrarﬁli’ignge}%el"\p #8%ic WO
01/09768 PCRE:2US0842062 mubtidimensional storage model of FIGURE 8;

FIGURE 10 is a flow diagram illustrating a wmethod
for generating the multidimensional storage model of
FIGURE 8 in accordance with one embodiment of the present

15 invention;

FIGURE 11 is a screen diagram illustrating a display
of related wviews in the portfolio of FIGURE 1 in
accordance with one embodiment of the present invention;
and

20 FIGURE 12 1is a screen diagram illustrating window
tabs for navigating between related views in accordance

with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

25 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

30 multidimensional analysis tools. The analysis tocls are
highly autcmated and intuitive to allow a wide range of

users to utilize stored iniormation in making strategic



decisions. In this way, the business intelligence portal 10 maxim zes
deci si on support benefits users receive from their data, while m nim zing
the cost oWAHIP®Fenti ng and adninistrating the system PSTUR002A@2

enbodi nent illustrated by FIGURE 1, the business intelligence portal 10

i mpl ements a three-tier distributed afchitecture conprising a database
tier 12, a server tier 14, and a client tier 16 connected by one or nore
networ ks 18. The server and client tiers 14 and 16 10 are Java-based to
support thédedigiemset demvhascweyonthertsicelss( TGPl Pigemes togitalcl i ent and
server pl orns. . pooled. ections t L.de riety of d sour ces,
and corrp?ieé e"g5ca la%%l idt%g 1%?5? h%&é%;r]ftalb%f% fﬁ%gogégﬁ% {‘é(ecr:] %ﬁep?f}r;%g I n

addi tion, theeidals-shasddlsemyeimbnichdl Thel icost b eispldmenmdint mdovi de an
open API aré;[pjr}ies rure t@ L Sissthi hly adapt abl e and functional for

pr ocessi ngaL Structréddata 7 databases as wel | as unstructured data. The
clieat/server rnetwshe 18mbwidmersesidluostparsd [yt r BI6URBOI1 2 tHhe

server/ dat.abase net we re11118einngl u e%ago Q)orini1 ns 91(: publ i cran_q:.pri vat e
networ ks. TESWIT° bE - UNdEFEFS0f FRaAt e BIRITELES & M Yence portal 10
may be i ndsreinteeddusirnioddmires Wanplrlieiagchi daecdbass, tigqy agr,arsm ng

| anguages, and |inks. Referai ng go F{_’GURE 1 6the dat a%a%e tier 12 includes
25 one or HOrEddtrafadds 389 AsCaashti brer it e HSRES PY K850 t he

dat abases méraremwaatksegosedhas sapval i asd t flbientC Ariledisng 4aland he
information necessary to connect to th dat abase_20, including the

dat 4Base | Wi n.Ja:I’ﬁéE’ég‘égofto d&EBIEE aﬁ‘%s?@tﬁfgﬁéntgom‘fréﬁat&g@r access to
t he 30 natpxmeddsilab@ase/iip) or daltiplevchiant dfe setwy iplatforrse dat abase
20. For the il ll_stl‘atl ve enbodi ment, the. dat ajt_)agaeésa ZSoourrIaé/e eachdbe any Java

dat abase ISSRORB" 67109788 PEAUIGEA56899 8, an
complete scalability of the portal 10 across an
enterprise. In addition, the Java-based server and

15 client tiers 14 and 16 provide an open API architecture

that is highly adaptable and functional for processing

structured data in databases as well as unstructured

data. The client/server network 18 comprises a company

Intranet while the server/database network 18 includes

20 portions of public and private networks. It will be

understood that the business intelligence portal 10 may

be implemented wusing other suitable architectures,
programming languages, and links.

Referring to FIGURE 1, the database tier 12 includes

25 one or more databases 20. As described in more detail

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

30 native database in order to maintain the integrity in the

database 20. For the illustrative embodiment, the

databases 20 may each be any Java database connection



7 (JDBC) or object database connection (ODBC) conpliant
as a suitabl e data warehouse or datamart. The server t

dat abase, as wel |
ier 14 includes one

or nore servdOPIBYE8 5 The servers 30 each conprise a set F&AUPRRIBased
applications that can operate on different platfornms. As described in nore
detail below, the servers 30 provide higrarchical security, centralized

adm nistration, fast multithreaded pool ed data access,
mul tidi mensional 10 data analysis for the business int

and
el ligence portal 10.

The server 30I0BMI udes cbjoattal dgr8Rsea catrmdarg ornuhRRRE) 34omplsaaurity

nanager 36, g, guery generalol 35, g dalabase. aceass gy

and a

manager 42, a 1nu di nensi onal To nmanager 44,

i AT A

adm ni st r at oda¥Gnarthe catal og 32 stores all configurations, docunents, and
wor k products created gx a ninii%rat rs, and users of the busiqﬁfs
| S£6.Fhi n's,

§%%e

intelligence por

r T 2 5ndiN&g 8he i 81 *GbLuhe

el i m nat es regkindsgriveatad got dated copiRs geesiadi rgtono20 chiverbasyst ens,

al | ows docunments. to .be s d across an ente rise,ﬁgn
RutLHETE Raf

h
Security for PR CAICHRORERE SHb WEEAFBg

d grovid s conti nual

5585™%1 | %har ed

i nformati on géddibedheirsanoes $kailt mMéldw,becnendessidred 3d hatowith

configurations, docunents, and work products. 25

may .
stored and nBHFFEFNCEAI PANEBusiGrasE2 h?%#l?ﬁ@h%%??ﬁﬁ?%ﬂn'l

a

be otherm%;e sui tably

“fhe cat al og

32 incl udes e i¥hrevgeddaicabage aldaasgscedd), HEEr nuilefidifendPonasecurity

groups 54, and predefined

a system

qguery. nodel s 56 conti%ured b
admi nit8t r at of2tBEPRhESER BP0 F 2 PaEiRes i dnTEdd i ’éc%rp‘?%:raé p8rtfolios 58
that store rel at atheVi 8¥6vdi0 gbeafRd ¥sa SYHRENBEEI32 ASa PESYVAXIES] Y

descri bed, the database aliases 50 contain al

manager 34, a security manager 36, a query generator 38,

a database access system 40, a cache manager 42, a

multidimensional model manager 44, and

a client

15 administrator 46. The catalog 32 stores all

configurations, documents, and work products

created by

administrators and users of the business intelligence

portal 10. This centralizes management of

documents,

eliminates redundant and outdated copies residing on

20 client systems, allows documents to be shared across an

enterprise, and provides continual security for the

documents. The catalog manager 34 manages

all shared

information within the server 30. It will be undexstood

that such configurations, documents, and work products

25 may be otherwise suitably stored and managed

business intelligence portal 10.

within the

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.

30 The catalog 32 also includes one or more portfolios 58

that store related views 60 created by a system user. As

previcusly described, the database aliases 50

contain all



WO 01109768 PCT/ US0020692 8 informati on necessary to connect to the

dat abases 20. The use of the database aliases 50 prevenEéggbké&&zuser

dat abase a¥QYI®Y rmmintain data integrity in the native at abases 20 and
makes it possible for non-technical 5 users to safely access corporate data
wi thout fear of corruption. In additi8n, the database aliases 50 al so
serve to pool connections to the physical databases 20 and thereby reduce
t he nunber of database connections required to support_a |arge nunber of
clients. l{nfdmnaision prefessarysoteachniert nda Eb%cidlaltéblaéﬁ@egzé’f'

pri Vi | egesyf,Qr g0 USET <A aREnQLe MBI FaSBE Uid | YraVaRS Biked:0 lich a user
has access. The user profiles 52 are generated and nmai ntai ned by a system
adni ni st r afl@tabagre aswmsgr itoy ngiogpinsdatapiekesity hirge itdiVssecurity 15

model wi thaseoUIidy bboNf ARdiBE! Vid egessased Oriest { RoneBElnrap 54 by a
system adninrstrator. An admnistrator security group is provided to allow
adm si st ratsess f tbl safedys acradse YRRt nErtali Wgthpek nitedro® to add,

modi fy, and del ete securjt :oups 54,20 Akrdpuser sALakkLkeSo5Z%iidy the
system TheF T Secur ?#y%drgﬁg%tgg agagprd%vi 'eges *hat a user inherits are
t he uni on sefvéi soopokér domdeetions rtpgitihe ahyididadedatpbasesugdr profiles

52 and the rigu%ggggye%%Q¥%%C 14 Y nfhBUP ¥t (Qar MULD BEnRL-SHHPEl ongs. In

this way, 8&%05 system 2 eatures to users 1s controlled through the
ext ensi ve peguindd per muppbonsa argw npmbegesf ehiertsare assigned or

wi thheld fromsgcurit r 4_0r_ 1 Qdi i | Ju ; fi &% Thus,
whi %€ adni ni st r@?%r%s%a%rcﬁ)’g\%e h%‘? %%{}Fidteyfq?% go%ﬁég%gég d%l'?%ebases 20 and
add or del pievBleqserinr powereruseds omeghtr morehaeeurhiy @ePunsssi‘on.

| nstead, pg‘é’eﬁvhﬁﬁr sa n\PQ/erhq'\x/aes aLL&S: .t 0 %hguhlserrar}g%qules 52 are
generated and maintained by a system administrator. The
security groups 54 implement a hierarchical security

15 model with security rights and privileges assigned to
each group 54 by a system administrator. An
administrator security group is ©provided to allow
administrators full access to the system, including
permissions to add, modify, and delete security groups 54

20 and user profiles 52 in the system. The final security
rights and privileges that a user inherits are the union

of his or her individual rights as defined in the wuser
profiles 52 and the rights of each security group 54 to

which he or she belongs. 1In this way, exposure of system

25 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 52, Thus, while administrators may have the
ability to connect to databases 20 and add or delete

30 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



data anal ys

charts that
pr edefi ned
particul ar
t echni cal

is and col |l aboration features, while WO 01/09768 PCTI USOU 20692
9 information consuners may only be able to run and adapt reports or
wersosss®vi ousl y defined by an administrator SCETHSHA%ser .

guery nodel s 56 are self-contained 5 |ogical nodels of

The

dat abases that are establistfed to make query creation by |ess

users easily and intuitive. The predefined query nodels

56

further abstract data from a database 20, exposing only those portions of
t he dat abaseirZdrivhaticnscoebenard dq tcmltyhebegramlla oo groupsdfadepsr s who

wll use th
i ncl ude rel
t abl es, and
query. The
created by
el emengs in
access. In
that 20 may

e Eartlcular uerytgog wé%% 'The pr% flég%hqﬁpr%%n% els

ase

tEa?es O abase, thin

ddmiks sheawee ot heowdat abasse tables that t oget her define a
predeflned %% uery nodel s 5% ﬁ g}the bashg for aII guerles
user $1€| PEETRLIREY, HREY prEGELFned oiET y SHbHerOBE "Eont rol s t he
cdat abas®120 t OF whipabt atylapar Bhcabasess et th&t userrs Wl |
addi ti on t he redeflned queQ¥ nodel s 56 establi.sh ngchanlsns

sebiighed ndq yE% of YGEYi eF

users. In pafstéx%uleaéuphenﬁremmmam& defrihge piri@ef Mxd Niiie 6,0 Muded s

resour ces,
allowablej
that 25 cou
The portfol
obt ai Ad vi

governors, t hat ca used to exgcute t he queri.es,

cﬁsns Wt hfde 2 LT HAEs ?fﬁ)rgﬁ%‘ﬁt

and

56

have

AP be SH8det BV AT group of

§°or? %ral TG quer i es

lhiyRacket RRrtNbLYr bt yraé ag@m rmsmarﬁ eid i gensantportal 10.

ios 58 provide a flleliysten1for storing er creat d

dfs 5B | 9TRRI CFonSTRWE | ffer REFTS d‘@‘t‘?eer‘ Lviws 60°

or
t he

portfolios 58 #ayudlri getefencddr sxanpiee preast HROfqueend fydecessi ng

15

20

30

56 include relevant tables from a database, fields within
the database tables, and links between the database
tables that together define a query. The predefined
query models 56 form the basis for all queries created by
users. In this way, the predefined query model 5§
controls the elements in any database 20 to which any
particular set of users will have access. In additicn,
the predefined qguery models 56 establish mechanisms that
may restrict the type of queries that can be made by any
group of users. In parcticular, the mechanisms define the
maximum computer resources, or governors, that can be
used to execute the gueries, and allowable joins between
tables to prevent zrun-away or malicious gqueries 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
internally generate viewé 60, the portfolios 58 may
include, for example, views 60 of word processing
documents, spread sheet documents, and web pages. The

portfolios 58 are each a compound file capable cZ



docunents, spread sheet docunents, and web pages. The portfolios 58 are
each a conpound file capable cf WO 01/09768 PCT/ USOQ 20692 10 restoring a
col | ecti on v oni9zé8s 60 or ot her related sets of data. TIRETRKISEURH6BO nmay be
stored directly within the portfolio 58 or linked to each other in the
portfolio 58. Access to the portfoliosi198 is determned by 5 established
security paraneters for users and additionally by the creators of the
views 60 in the portfolio 58. In one enbodi nent, users never see

portfoliosréStéLindli £hcdiiaietdennolf Ravesae0ess ophéYi FeD&Sed |sew@ddition,
the portfolios 58 may be 10 custom zed to praovide automatic notification to

associ at ed°fis€2E2 wheh i BB E Wit P FE 6 FOFPEEE8 WhaA! ddh updat ed

or otherw gert®shi {d e5B drN 11 HkEd VY ,eacteoithblY ih St HBGRHtFegkakst 0 the
operation of the system which facilitates collaboration and information

sharing 15 witAf$Fsth &t erts s@orfhelirewsS80 pfovAdeeERIES 0rPXi spl ayi ng

a wide vapkeiy Mnddr MdSousSiteh apadatet@Xxanpl gort ablgersgrapfiss reports,
pi vots, and_web pages. The views 60 may be either live views representing
current da@@db?l%ﬂ?g‘dé’hoPYZG}\ﬁ efkedfoxfat afatthe pHieveule PpBiMthS n tine. In

addi tion, gs-0gsSCid be.in mpe dgtai bnubsdMnt,l Vaskk8WSnefdr Mede
schedul ed to be updated automatically at regular intervals, updated when
first openBert&mdiashe 58 kB SwhpShot EHPEWS 960 MBF bd'dE@ tIFWAF write

prior 25 spapshalsed !OTA e AteuenEe MlroRARNEOt BT k)| auer Vi evs

60 for historical analysis. The views 60 and portfolios 58 can be saved

prividt el y BYySeomiszad or teay BEOVHASt r | BHhamprtdc shaptdfipdhiPone t&r nore
security groups;acaéh t@sdAC ind At §i &Rk | 8POrALHOR aBd dRGiFH-aRMe Ng.
have been updated or otherwise modified. In this way,
security is made integral to the operation of the system
which facilitates collaboration and information sharing
15 within an enterprise.

The views 60 provide data for displaying a wide
variety of formats, such as, for example, tables, graphs,
reports, pivots, and web pages. The views 60 may be
either live views representing current data or snapshot

20 views 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

like. Snapshot wviews 60 may be set to overwrite prior
25 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
54 to facilitate collaboration and decision making.

30 The security manager 236 manages security in the
business intelligence portal 10. In particular, the

security manager 36 includes predefined security tasks



30 The security manager 36 nmanages security in the business intelligence
portal 10. In particular, the security nmanager 36 includes predefined
security tasR¥OWIHE109768 PCT/ USOON0692 11 for gener at i nBFHBWVASPAt ai ni ng
user profiles 52 and security groups 54. The security nmanager 36 al so
provi des a security hierarchy that allowdliuser profiles 62 and security
groups 54 to inherit privileges from5 parent classes. In this way, a
system adm ni strator can easily establish and naintain security for the
busi ness i ntfek!| | gemomtiogt abnd 0. maimeadquiény gareer apoefB8Bepr ®& desdgr aphi cal
views of datahase el enen t @, assi system adm ni strators and, 10 power
users in def Fﬁ?lﬁﬁl%}ﬁe %uoéllt"’% mg)éél s 56.° Thsgcb’l?:tla éfi%%%a%"‘ti‘erf?%&éfg 56 each
define the databades sgommection, hidwmrAcdnyi Iphaaf dldbwes wared golafihssexposed
from the da%gbase t he all owabl e é'oisg te/cpes and, conbi,naii ons, __net adat a,
executi on goVér mgts, SERE Y a2 %r “fhe Qualystis PREVHIEIRT i AT query
nodel s 556 capabent atassdapt ach aids wagd bBysastéah gedniange @tousess to

perform safe, secure eries. The database access _system 40 includes
functional i t?aséﬁ’ﬂ EBF I B ARG Ry S&ﬁHrhﬁ%ﬁP%g t"?‘ﬁe 8683%es 20 20

and for retuiptaDl g pesuklsid.o the server 30 for mani pul ation,

anal ysis, and repgrting by users. For  the illustrated epbodi nent, the
dat abase access s e@?%y IR GEeE a?BqL%ngﬁﬁegﬁﬁglf‘l??fbgﬁe‘ﬁlof;enerator

74, a conneght@ad@nagenedts &pd feshaa pdodheseadmbiseornaests oagdDBC) 78.
The query scheduler 72 initiates schedul ed queries. = As previously

di scusded, aR9¥SH eWS6ES | HCI ETHGPHe Ba% a US5Y cBPEet it iThs comfdi ned in
the view 60, pgefletihedel gli€ry models 56 each define the database

connection, the family of tables and columns exposed from
the database, the allowable join types and combinations,
metadata, execution governors, and aliases for the query.
15 The predefined guery models 56 can be later adapted and
used by a large range of users to perform safe, secure
gueries.
The database access system 40 includes functionality
and software for accessing and querying the databases 20
20 and for returning query regults to the server 30 for
manipulation, analysis, and reporting by users. For the
illustrated embodiment, the database access system 40
includes a query scheduler 72, an SQL generator 74, a
connection manager 76, and a Java database
25 connection (JDBC) 78.
The guery scheduler 72 initiates scheduled queries.
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
30 options, including specific time schedules. This allows
views 60 to be easily refreshed to reflect the current

gtate of the data and users to always work with the most



refresh fromthe database 20 according to several 30 options, including

specific tinme schedules. This allows views 60 to be easug,}(/ug@f Bgﬁhed to
reflect th&FWPBRt state of the data and users to al ways WO Y%t h the
nost WO 01/ 09768 PCT/ USOQ 20692 12 up-to-date information. In addition,
snapshot views 60 can be automatical | $2schedul ed to create an historical
repository of snapshot views 60 based on the sanme query. Thus, for

exanple, a view 60 may be schedul ed for_updates 5 at 10:00 p. m_every
Monday, WedResrdAteantiqnmdsyoind Hut G Ion. | BRARSPPEh &St $% group of

users Via @snshar efiRaatiehl by 58chdBgl Sl toendiedkar aff hesEdrMaml
user -adapted or unadapted query nodels froma user and generates a 10

text ual SreRRFEFSPIOrI ENEREPSR Bicthebeohneed i oh Hahatate 78C0% this way,

query nodeg i €y al@ngiaphhcaldy 66“11%? aeedprduedit 88 ypdiseiss are
autonmatically converted to executable database instructions and thereafter
execBt ed. Fhi 30aPPows Move e is¥erdaind Bedeesdai.or Aaei SFiE8YcA™umers with

little or po-prngramingakaowingas te, fal byouse and aenafidifrem the
business intelligence” portal 10. In one enbodinment, the SQL generator 74
i ncl udes ehafesh psgedrlie Benerators and an SQL parse tree to 20 generate

the textual SQgpelheg ialé&éggg'gfi §49€eneLal QLS CQEELSPRPEL0 the different

types of databases 2 accessed by or used in connection wth the business
i ntel | i generagantiesl w0erTheneedsogLgpaci #i cugrtherd@dor genemgtehclaude, for

exanpl e, Qagl e S%8erPBRor 208 AR I 1,23 HECRBLALOE Son TRSLRANECt i On

manager 76 recelves textual SQ query requests fromthe SQU generator 74
and communf&at esImi this way, query models which are graphically

displayed and edited by users are automatically converted
to executable database instructions and thereafter
executed. This allows novice users and other information

15 consumers with little or no programming knowledge to
fully use and benefit from the business intelligence
portal 10.

In one embodiment, the SQL generator 74 includes

dialog specific generators and an SQL parse tree to
20 generate the textual SQL. The dialog specific generators

correspond to the different types of databases 20

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
25 generators.

The connection manager 76 receives textual SQL query
requests from the SQL generator 74 and communicates with
the databases 20 to perform the requested queries through
the Java database connection (JDBC) 78. In the

30 illustrated embodiment, the connection manager includes a
modular gquery engine 80 including an intelligent dataset

82 and a library of data drivers B84. As described in



t he databases 20 to performthe requested queries through the Java

dat abase connection (JDBC) 78. In the 30 illustrated enbodi nent, the
connecti on naeges76s ncl udes a nodul ar query engi ne 80 i nACTAISHIR0652
intelligent dataset 82 and a library of data drivers 84. As described in
WO 01/ 09768 PC /US00/ 20692 13 nore detaid below, the data drivers 84 each
execute a predefined database operation. The intelligent dataset 82
selects and orders data drivers 84 fromthe library as necessary to

performa quesde r @8test - béSow, I €8sl Hatd databasesaccesh natdade ale
standardi zed and the dataset need not be custom zed_for each ag | i cation.
The cache mePRRfaLAedi (ALGHEEC OPSERBLIYD hatPRg IRECHLLTERT t Pab? ‘%%ges 92

and a procesg, td16ad s94na THBaLAS e c aMBRAGEE s 424 18LRI 83 dabaadxtdacted from
t he databases 20 10 in response to query requests and feeds theminto the

pages 92. TheeesRseeYmabg®eriornums @asMchreAvesty widh & h&eprbeess thread

94 dri ng the gache QLo figedodlat fre | MdahB:PBECInA2enbt g¥bddetbe

under st ood tﬁat data may be otherw se suitably received, stored, and
initially 18eq% oossbedcpytenieese forreath appd igakiPdi mensi onal nodel

manager 44 gener ahges @%%e TRaBUl-aLgs ;M hidi mengienal i oragegmdel s 100.
e detail I

As described in nor el ow, the nmultidinensional storage nodel 100
utilizes a reivcsddtsecsr phteedtureadt 8 pBoness rihmeadhd4si z8hefcashe nodel

100 The reduGetesl 48 Yeceifs RUE A0 IHBROLESHPLACRSE G dddTER and

allows efficlie pivot an perations during data analysis. In
addi t iion, t him npesporld) s eguany opeguesttshanéctfardst ¢haml cwteal e ati ons to

e T ok 2 bk g e Rl in L A
the process thread 94 driving the cache 90 to feed data
into the pages 92. It will be understood that data may
be otherwise suitably received, stored, and initially

15 processed by the server 30.

The multidimensional model manager 44 generates and
manipulates multidimensional storage models 100. As
described 1in more detail below, the multidimensional
storage model 100 utilizes a non-sparse architecture to

20 minimize the size of the model 100. The reduced size of
the model 100 improves ©processing tiwmes 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

25 performed after the model has been constructed. As a
result, users can create new calculations to analyze data
intersections that were not anticipated during the
original definition of the models 100. This reduces tTime
and resources needed to support pivot and drill

30 operations.

The clien: administrator 46 provides a central point

frewr which the portal 10 manages client administration.



intersections that were not anticipated during the original definition of
the nodel s 100. This reduces tinme and resources needed to support pivot
and drill WS"M#B¥Fations. The client adninistrator 46 pr8GTYEW2A6Rent g
point fromwhich the portal 10 manages client adm nistration. WO 01/ 09768
PCTI USOQ' 20692 14 The client adm nistA4tor 46 provides a zero-

adm nistration architecture that automatically manages depl oynent of
client applications to naximze user performance and m ni m ze network
traffic, whhe¢e askignithg Rrdmiaibiraterapphé catbovesidas alavayszarsed by the

clients. The. cl] ti.er i S ur.ald 'eg&;l.l 0. The
clients 11 aﬁrrlalglébte tt(%%:)zgl! ?%%%@gﬁnq%e ?krl%%n eag'{c otﬂbé(%?fﬁgghgn t aeg]e;server 30.

| n one enbdeplhwmmentt heofc| idddent 1BPppioetdensl |taccesxsimize| uthary system
adm ni strati 0 e, 3 reyi y i : client
110 functi%%gp%rr“éa%cc%ntaycaef@%ﬂéggg glglgﬁéfgsg%ég?fé’pe‘?ﬁ%si%%%’uéltqgr ed on the
servér 30.tReriatssitorppdiecat ipmntaet: dwbyshusediby dued cddenssand security

groups of userg. In this vay. fde; tmﬁt fu i.onality of th 5 busi ness
intelligence polrs"tealgjfog}}ts 1:appr olpé:i a égl y Scoan{]ﬁo%oa{eldltgnapér)re?felr% out to all
users acr o550t heTheentldreptissal i hdplbe sleerilngoover comptexftan leesh t echni cal

users. The cli ent i ncl udes cl i.ent__API 12.and._a , .20 aphi cal user
interface ?&fs aﬂ%.ltq'fen e I3S’s't ré[trle(?neer?ﬁléagﬁrﬂ% t t %ec |lerﬁr£sllo is
desi gned wiith atrdvidongdnesdcedssi nghcladdngi eyesemordddmastesnion,  n this

ean iment, a hdescrrivged [ n mye dret aiéustlel oy, 1 hl%e i ent, J 1.0e itdenti fies
its orrpon%‘ﬁtg FhERTEET aBli shiftfy B* 25 Th eC(¥VI S ARSEh he SV 30, This
al | ows ef fird enfunctions are controlled by a robust set of
permissions stored on the server 30. Permissions are
granted to both individual users and security groups of
users. In this way, the zrobust functionality of the
15 business intelligence pcrtal 10 is appropriately
controlled and wetered out to all wusers across the
enterprise without seeming overcomplex to less technical
users.
The client 110 includes a c¢lient API 112 and a
20 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
25 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
30 server 30. Because the c¢lient API 112 allows any Java

program to communicate with the server 30, an enterprise



adm ni stration of the client 110 and integration of additional
functionality into the client 110. The client APl 112 conprises a set of
Java cl assesWaHA&P6¥efi ne how the client 110 comuni cat es RarfRV3¥? 30
server 30. Because the client APl 112 allows any Java programto

comruni cate with the server 30, an enter¥rise WD 01109768 PCTI USOCQ 20692
15 may efficiently add additional, customcapabilities for its clients
110. The graphical user interface 114 includes a set of admnistration
panel s 116, wegeefbicimurlyparsl saddi®@ionals sustoh wepabdbitliEzy fomuery
conposer 122, a set of yigwers 124, and a property inspector 126. The
adm ni strative and uséer panels 116 and 118 provide graphical displays for
gui di ng adm ni st rideorgraphdcasensert hnoegirdeheilrd rigspeckeisve oppdr atfi ons. 10

The wi zards 120. di \éi tgg.cr eat | o p;gg’esses ;:nt% one . ar nmre :Lll%gi caal st eps

and gui de ad®TPIESEEoRS BRGStZe t fir §Ggh T he*=Credtt on Spriocess. This

assi st $ novi s€c USEr swizardisot hze, | af ogueaty onocwosmsamengz2w tahosetdetfai | ed
programm ng kpow edge .in performn uerjes and analyzi 15 regults. In
this way, alYITHESs wixthi n3R8 eft er%ﬁ%?g@hér em%%?%c’t% elfr%%l'ci ent1y use the
busi ness i nt gihirgeteacpost adnd 1Qisle® ephhald rEamni rEBul idat apasetdeher eby
i nprove their area_of _oggrati n wthin an gnter rise. The uer‘ﬁtyr conposer

122 speci fi e3F3RECELIAFPEBNES To50 F G wWAFTL SHBSIAIS £t S di spl ay,

and how it ishidughbehslioraskpethevguepyrompeser 122 provides a graphi cal

vi ew of predefined query dels 56 tQ allow users to intujtivel
under #fand and al r"‘[ll"ré‘rggdérzg sgvi esGFFatJt%iPr?)%ﬁ'%sle(,suljd}tonec@%s. I n one

embodi ment, dhandieenpgeat OSRGSE lank2 Jualib ONEm iSRS at@oAB| ¥ngegsddrose data

el ements through the creation process. This assists novice users
and other information  consumers without detailed
programming knowledge in performing queries and analyzing
15 regults. In this way, all users within an enterprise are
able to efficiently use the business intelligence portal
10 to extract meaningful data and thereby improve their

area of operation within an enterprise.
The guery comrposer 122 specifies where data comes
20 from, what substantive data to display, and how it is to
be stored. The quexry composer 122 provides a graphical
view of predefined query models 56 to allow users to
intuitively understand and alter the models 56 to suit
their particular needs. In one embodiment, the guery
25 composer 122 allows users to only see those data elements
in a model 56 to which they have privileges. The query
composer 122 saves user edits of a predefined gquery model
56 as a user-adapted guery model 128 that can be uploaded

to and executed by the server 30.

30 The viewer 124 creates a combination of data views
for tables, graphs, reports, pivots, web pages, and the

like. The viewer 124 allows users to easily switch from



in a nodel 56 to which they have privileges. The query conposer 122 saves
user edits of a predefined query nodel 56 as a user-adapted query nodel

128 that cao®@®18pl oaded to and executed by the server BETU§ Vi ewer
124 creates a conbination of data views for tables, graphs, reports,
pi vots, web pages, and the I|ike. The weewer 124 allows users to easily

switch from W) 01/09768 PCT/ US00/ 20692 16 any view 60 of data to any ot her
and to sort and filter data. The views 60 can al so be exported to HTM. for
publ i cati oangnvaewmebo sef vaatar tdoanghathery amd t he sattal agd BlteAs

previ ously describhed, data views 60 e live 5 0 nag&lg,&ts Vi ews 60 or
portfoli 0s9882of i V%%w%aﬁg ﬁ@nsa%}%é’ SLF? vgf;@?gt%\ﬁﬁt %lon IS {8 %i dual
user's OWNpuSai @digralcen a0kebBgebeeti ot riduitsdthrdng shatbe eatmlpone or
nore security groups 54 to. fa iIitﬁ%e co&labor.ation and decision maki ng.

r

10 Wthin BRe vPSWEreY3qusly gprer 330 HYH K% "hior mation as a
series of gol HARSsEEKL F OVWBiewd taablod por€Bol YpsCas | gf Seiees &6 @mrstarting
poi nt for devel oping ideas_because,it provjdes .an overall idea of how

i nf or mat i oRei sSIYFFaniFST2teAYt hd Fhbt e E\PH ev&nd?}své%?aganuigra%d Mtters, add
cal cul at edchiglslg, aped 8gdmaynper viatdivwid oded sndnsdredmany & uMms can
be rearranged, hidden, .and otherw se nodifi eg., Conten; can_be. sorted and
viewed at OHi fP&erfeTIEYs TRIPSpoTt  bPedBF11352be s 5PAyEPARR A 9™ a report
20 format. jAqr&Pe1dioH @WkRhavi des a robust, banded report format and
facilitates automatic report generation and. distribution. Users can freely

arrdige fiel ds BHITEIRAMSISHETN 141t & abRPAR YHEPHT cif 0 dE3FRIAXA ew of a
report whilgragdding raksubatdeanes Yibt@iBlnms GUPEBES. A table

view typically serves as a starting point for developing
ideas because it provides an overall idea of how
information is organized. In the table view, users can

15 add filters, add calculated fields, and add summary and
subtotal information. Columns can be rearranged, hidden,
and otherwise modified. Content can be sorted and viewed
at different levels.

A report viewer 132 displays data in a report

20 format. A report view provides a robust, banded report
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,

25 headers, footers, titles, and graphics.

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

30 graph type or contents by filtering data, using a subset
of the original data, and draw multidimensional data.

The graph view can also be changed on the fly, by sorting



25 headers, footers, titles, and graphics. A graph viewer 134 displays
graph vi ews ina wde variety of 2-D and 3-D forna ese
formats may qh@%i@ for exanple, bar, pie, |ine, scatter?éﬁﬂ%?-g}gﬁaﬁr

graphs. Wiile working with a graph, users can change the 30 graph type or
contents by filtering data, using a subsét’! of the original data, and draw
mul tidi mensi onal data. The graph view can al so be changed on the fly, by
sorting WO 01109768 PCT/ US00120692 17 the records_in a different order, as
wel | as chand®greferdgrapi? stidperenesordeti ¢st veilbwes TIPSV itHEs pi vot

vi ews di spl ayAgh ddismensi onal , or cubed, data along nultiple 5

di mensions. This allows users to slice and dice information along disparate
di mensions to gai i 8iFPer ¥aevehel dpeprPViderpivat actgwd tdsplaydng

performance qf1804;fMEIRhse. The plygds viey §progi?n$1i er ﬁ%gg in the
mul ti pl e di nensions which all ows users to per?orm driT1=10 down,” drill-up
and dri%$l -t hdénghsiers ysi s.This deddpivbedusers note detiaid Beldowdithe
mul ti di nensi i f e l.t i di hens) or age
model 100 A e orberth Hfond ¥R A0y HORARRR o) GBI MRl s
browser. Thi peakbevsivsser ent dleccessiwdries 18n¢r geudtogmande wedf- based

I nternet or | envi enor or..abj.ects_created in. other
eHEEggf%ﬁf. to§€#R§P#§E {%éﬁ%%é? orts hlerarcﬁl n @he

vi ews can be exp 0 Websites ore%iéplay t hr ough
the browser muhtepIaacdimefisdopeopbity ahbpertwserE? G aljavi®mrus@rsilio change

20 di ay pr rtj of a ticulbar, view |n.one_ enbodi nent .. the
propersﬁy insgggltqbrhgg%‘ i® ﬁ%?éldggg.l Flﬁr&?# S g&isr'reggst eg’cﬁrgﬁ%rty
i nspector 126nappldeesdet@il chenges wiid emoht idiensserieenlt oviddsowausers to

exper i ment generated from the multidimensional storage model 100.

A browser viewer 138 provideg a built-in, cross-
platform web browser. This allows users to access work
15 products and web-based Internet or Intranet environments.

Reports or objects created in other views can be exported
to HTML for posting to websites or display through the
browser interface.

The property inspector 126 allows users to change

20 digplay properties of a particular view. In one
embodiment, the property inspector 126 is wmodeless. In
this embodiment, the property inspector 126 applies the
changes while orn the screen to allow users to experiment
with different configurations and attributes before

25 closing the property inspector 122.

Together, the client 110 anéd 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, zreporting, and

30 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



with different configurations and attri butes before 25 closing the
property inspector 122. Together, the client 110 and server 30 of the

busi ness i W®PW8nce portal 10 add a strategic |ayer toFPCHNSWRO®prise
information structure and provides a single point of entry for integrated
query, reporting, and 30 anal ysis which8are inherently extensible for a

w de range of users. Because the business intelligence portal 10 my be
fully integrated across an enterprise, the portal WD 01109768

PCT/ US00/ 206 92acilBi tlfr fsaciduittiaee enteubirhee ewids panskysiisdedalniateyyi s del i very

and sharin f_inf.or i . result, f e 1.4 hian an
enterpri segnvé)ﬁhanrel%gg:%e ggfﬁéﬁ%&%ng'ul z?rs &n esg?édug%?\%%%g%ﬁl%at a that
al ready exwstlsirf oant katebpeiver pillebeFldBIRE 20 sabef lregudhagraauc

illustratin thod for jinifializingt busi ness [ntelligence portal 10
in accor Q%ﬁ%cguﬁ%e]tvﬁ ohé&®e %diér?é'r?t éba?heg%eeaé%nt ef(ﬁ\s/{éﬁti%jn]f %Igeef erring to
FI GUBE 2, éfwenpaiilked begins at step 200 in 10 which a system adm ni strator

defines the us files _5 As. previ ousl escribed, the r_profiles
52 provide pe%rrﬁGgéz%oﬁsllso? g%%"flsdfa(?’i?t“] Ili%‘zlé‘sgﬁﬁgﬁ?%savwet |°r(fPSft9°ﬁe system
Next, at sigprizldzihbe syet eruaiisd stinzledd igdete nesomseur ity gmoups 54. As
previously_ descyi l?:ed-’woi%% final m%egurllti. r#gF}és agd %rhl vil§eq'§:s that a user
i nherits FFIIEGn o7 STOPRBY Y nBF viFATaPT TR st e ed in the

user profikefeAmndtd FIQURGhRS afhecaedt hodC bieigtiis @towpepd 200 ki ch he or

she bel ongs., Proceeding to step 204, th stem adm ni stratar.. 20 generates
a d&loabase""l'éﬂ‘?}hsaSGYFSEmefgﬂ’lB'Esfﬁ%t%t §B§¥%§S 56° HrETdR &%l i ases 50
prevent digect user peeessSusly daecdabedasashd nueeder ptof idNt ai2n dat a

'ntegrity éggbide permissions for users to utilize features within
the system. Next, at step 202, the system administrator
defines security groups 54. As previously described,

15 final security rights and privileges that a user inherits
are 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

20 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

25 database aliases also serve to pool connections to the
physical databases 20 and thereby reduce the number of
database connections required to support a large number
cf clients 110.

Next, at step 206, the system administrator

30 generates the predelined 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



to make it possible for non-technical users to safely access corporate
data without fear of corruption. The 25 database aliases al so serve to pool
connecti ons tWo8¥8768physi cal dat abases 20 and t her eby reduseraseeosember of
dat abase connections required to support a |arge nunber of clients 110.
Next, at step 206, the system adm nistraior 30 generates the predefined
query nodels 56 using the query generator 38. The predefined query nodels
56 control the elenents in a database 20 to which any particular set of WO

01/ 09768 PChidd3R0/ 0692 hal® usefesswi | | thavaidieqess. dre agebdéPihed he
| s 56 restrict the types of queries that can be

predefined q{ufgéy rmdﬁ _
execut ed and@HeR HREAE RBXFIRFRICoNbhEcFYRes Rfr GwerERat thatarcase Besed to
execute the guesired and (e iakl ewabhRSmi:Al BsmPElNECRJ AN &S LG, ar event
run-away or nmalicious queries. Step 206 |eads to the end of the process by
which the s"_fé'tga}l’ﬁaéﬁ‘ﬁeﬁi st af6PCWet stp aHerbesi Aeds thentallowsdriee port al
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perm ssions and queries for wusers have been defined in order to control
access and 9e$EFPbution of data within the system FIGURE 3 is a flow

diagrami!lustrasigy 308ehbadsf o6 cAENehal By dife iedeli fed Juygry model s

56 in accordance W one enbodi nent of the p esent i nvention. In this
enbodi nent , t¥geci FYeeeat AAMiTASAreter nnd@itsi s uput oblae | cabusineissked to the

extent possizhkeslifendddidi@n, 192:3RagE el 8RN S, Té%é@ﬁﬂ%hi%?"ésdiSp'ayed
to the systemadninistrator to facilitate generation 0 the 2 query
nmodel 166. REREEr iofg Gthe FRUYRE Broadse . nuterod sbeégnmsant sepidg0for

users have been defined in order to control access and
distribution of data within the system.
FIGURE 3 is a flow diagram illustrating a method for

generating the predefined guery models 56 in accordance

15 with one embodiment of the present invention. In this
embodiment, specified data within the model is
automatically linked to the extent possible. In

addition, database elements are graphically displayed to
the system administrator to facilitate generation of the
20 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
columns of a database 20 for which a guery 1is to be

25 generated. Next, at step 222, the system administrator
selects a subset of the tables and columns for a
predefined query model 56.

Proceeding to decisional step 224, the query

generator 38 determines whether the database 20 has full
3C foreign key (FK)/primary key (PK) :information. Full
foreigrn key/primary key information allows data in

disparate tables to be automatically linked.



in which the query generator 38 automatically identifies and displays to a
system adm '&t@g&or the tables and columms of a databa V\/m ch a
gquery is to be generated. Next, at step 222, the system admni %t rator
sel ects a subset of the tables and col urms for a predefined query nodel

56. Proceeding to decisional step 224, 2Phe query generator 38 determ nes
whet her the database 20 has full 3C forei gn key (FK)/primary key (PK)
information. Full foreign key/primry kni‘bl nformation allows data in

di spar at e AGIATE NG Yhe Hut SREL iFBEHARFSE A& dingdreas 06748 FERASH0/ 20692 20

Accor di nglWey/ﬂrltrrﬁ@;yd?c%?baﬁﬁoﬁﬁhdlr&i udes frekl vkOheh 08r K&y dildnaary key
information, the Yes branch of decisional step 224 |leads_to step 226 in

whi ch chi IfFambPes dreadsa fonBETR alR§ |J1nnk‘é1emlb pat kit teRbrEs 3R t he

predef i ned, p JRHEaTBYEL 1BRMS It@g glafi-ﬂenftort%lbq@sk%y{ pcrnerml%f/e&eeﬁaneunf ormati on.
Step 226 leads to the end of the process. At this poin t he predefined

quer§ nodedusw carPdrl sa¥ed UG urEhRr EORELI arkeW DRIFETEy 8¢ system

adm ni straf oforoBRUNT NG 306 Sihdl 3t the?2hd ids flld JyRisgn 10
key/ primary key i1nformation is not available, the No branch of decisional

step 224 |Aadshito Rgd@itsi bhal Predgtinezg quarydmeds] offal can & Z2gedt he query
generator 38 fbd}%th%&%aﬁésv\@ﬂ Y fadle b?rtH@fé@&% 'a'&fn?ﬁf[@%iﬂ%f s available

fromthe database 20. Provision of full 15 primry ormation al |l ows
parent and chi [R¢tuabling tte drcigdomadi rE@Pby224 dat Abdsd 1t disineigear ch.

ACCSBd' gl e /ﬂxflmfa%gz 19&1} ML KRN { S Orl@a 80 iy ‘i%ghéb' €&hd hgoves branch

eci si onal step |'eads to step 2 ere the at abase tabl e search
i s perfornthna def efetheiqnalentts &21‘&1 éhi‘iﬁél tabldesisApnat tshepparent and

child tablfzsg_areAt decisional step 228, the dquery generator 38
determines whether full primary key information is
available from the database 20. Provision of £full

15 primary key information allows parent and child 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
database table search is performed to determine parent

20 and child tables. After the parent and child tables are
determined, they are automatically linked to generate the
predefined query model 56. The predefined query model
may then be saved or further edited by the system
administrator.

25 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
whether unique index information capable of identifying

30 parent and child tables is available from the database
20. If such unigque index information is available, the

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



determned, they are automatically linked to generate the predefined query
nodel 56. The predefined query nodel may then be saved or further edited
by the systenwoatod7és strator. 25 Returning to deci sional spep/U’g@_&oqggf full
primary key information is not available, the No branch of decisional
step 228 | eads to decisional step 230. Aty; decisional step 230, the query
generator determ nes whether unique index information capabl e of
identifying 30 parent and child tables is available fromthe database 20.

I f such uni quadongex,i rhar RLEED 1Sy aiddhsy 108 s Yesedranch iy
deci si onal step 230 Ieads to gtep 226. At WO 01709768 PCT/ US00/ 20692 21
step 226, théheni dpieahafexfonf BrEeRY oAnfls aAiéd ttebdesrch Thhe diwrabase for

parent and chjdd -habless ThRAUhna98RET ggéﬁﬁstgﬁglgu%%gaégﬁ%%%y i nks

child and parent tables to generate the p ined query no The 5
predefined qiéd}efode gangrerentbe saeddfoned uredrer meddl edls by tihe system

admi ni sgrat or, UL Db N d on st 23 i i que ind
informa%i on ipsreggt%ylg%%i ?%ltg?g ?@(’)%lt hglgﬁata élsegio,gatv%g I\ér bérhe{%c “of
deci si onal stedptedoby el stystenepd@BlistAiaterep 10 232, the system

adm ni strator nman I i fLes. i child apd parent .tables to
generate the predg%%%ﬁﬁgﬁéykﬁgﬁ%é “Lrl‘!riesﬂ h?%$M§‘ t é‘qblse& Fﬁgd query
nmodel s 56, dnéormativen et et pussliédbles fautromhei datilyaggersar,attéed Nwith

m ni mal adm Rj t § Ni.er. O t 1l ke 15 understood that database
tabl es and ofgl’ﬁ%b&%l %Efre‘%{gsl%rr%g%%egte h2e3\rlngl§§%§u%?a%ﬁpI%ﬁarﬁ(ed.‘?l‘_"F_ls 4is a
fl ow di&gr am2BR| udtheat epgtem netthodi éiaoratote phayeaig yanddent Hf séani agdcl i ent

appl i cati Onslii.Hks agﬁﬂcgagr?c? Iygrtegltor%%.bﬁgts)oggj mgag;tleroafte;[ hteileprperseedrzatfiinggenti on.
query model 56. In this way, the predefined query models
56, are to the extent possible, automatically generated
with minimal administrator interaction. It will be
15 understood that database tables and other elements may be
otherwise suitably linked.

FIGURE 4 is a flow diagram illustrating a method for
deploying and maintaining client applications in
accordance with one embodiment of the present invention.

20 In this embodiment, client applications are certrally
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
110. After this, all upgrades to the client software are

25 done automatically by the server 30 upon initiation of a
new session by the «client il0. Part of the
installation/update procedure includes downloading a
manifest file 1listing all names and versions of all
modules and resources on a client 110.

30 Referring to FIGURE 4, the method begins at step 250
in which a rew connection tc the server 30 is made by the

client 110. At step 252, the boot strap agent on the



20 In this enbodinent, client applications are centrally deployed and

mai ntai ned fromthe server 30 using a thin boot strap applet that is
initially wweow®sdownl oad Java classes forming the cli &&FUEMHAYRati ons to
the client 110. After this, all upgrades to the client software are 25
done automatically by the server 30 up@2 initiation of a new session by
the client 110. Part of the installation/update procedure includes

downl oading a manifest file listing all nanes and versions of all nodul es
and resour egsentt alol i endndniiks 30hKRefumeri’' ag naniAe@UREE#le t i@ nhérod begi ns
at step 250 in \/\2 ch a new connection to the server 30 is nade by the
client 1105¢AY®5t2p 252, the boot strap agent on the WO 01/ 09768

PCT/ USOOR0692 Procdectinig It stegnsmi4,s the sserers M@incdmpirds | ehe o t he

server 30. Procgeeding to.ste 4, the.server._30 co res the _yversions of
al | modul eé’%ﬁﬂ%%sé%r c@%il i'gcfdgugelsn tH2 %S%ﬁfﬁgstf?%eedstt&ncuwegnt
versippns ofahheesor Fespondi neufrtdms verdikmsses® ethd0.cobtredpondimmal step
256, the server .30 deterni nes ether _saone.or _all of th dul.es or
resour ces §Féeﬁut16'at§be bﬁgﬁﬁe’én%he c%ﬁp%ﬂcslgﬁ‘.m?# Sggﬁeezogrp’al % the
nmodul es or ge@eHr 86s daternihedat witetidie skineYesr baBnchE ot hdembdubeal step 256
| eads to step 258. At step 253, tae servyer 3 enerates an inc éement al
update foPTt FESOMFERE £¥6. CRYEFRCr BRBRTar™ ETRAUEFEE -onl V= t he

nmodul es t habmaesd 401 bef udkatmdiulbexbr AésSiweL6e tduedaesderthe ansnits

the 15 increnental update to the client 110. At step 262 he _client 110
updai®s t h&e8l Péﬂ{‘c%igg %‘b’r?k%ﬁelo%eBa&éé gﬁad?h'é%%ﬁ%n%%‘%al RMpdate. At
step 264, arBgW23eSSicdR iservehRenol awnekedetoant Hackpaaheal ougdaiee cl i ent

110. for the client 110. The incremental update includes only
the modules that need to be updated.

Next, at step 260, the server transmits the

15 incremental update to the client 110. At step 262, the

client 110 updates the client side applications based on

the incremental update. At step 264, a new session 1is

then launched for the update-to-date <client 110.

Returning to decisional step 256, if none of the client

20 applications are outdated, the No branch of decisional

step 256 also leads to step 264 in which a new session is

launched. In 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

25 modules to the wuser's machine along with an updated

manifest. As a result, users never have to manually

update client software and are able to easily roam

between different work stations to 1log on without

requiring their applications and data files to be

30 reinstalled on each station. In addition, the client 110

executes quickly and is always up-to-date while



Returning to decisional step 256, if none of the cli elnt 50 appl i cat izgzs_ are
outdated, the_No branch of decisional step 256 also |leads to ste in
whi ch a new seR8BH% s 1aunched. In this way, the server BOTHRMO2%H nes
what, if any, nodules (or Java cl asses) are out-of-date, mssing, or
obsol ete and then sel ectively pushes the2gorrect 25 nodules to the user's
machi ne along with an updated manifest. As a result, users never have to
manual |y update client software and are able to eaS|Iy roam between

di fferent woPRMEREEGHRIdopo |16y oreireidut medgtpined t heflr asskpehtions and

data files terher30 rLiatphled on each station. In addition, the client
110 execut esrqw C \ and is always up-to-date while WD 01109768
PCT/ U800120692 Z%ICééﬁ & 4€r at £oow i dlaguary dllysweatitng e deghddnéonor k

traffic is %rte%d ﬂ@%@ce@dtﬁgél flgg\évgggg.grg%ﬂéi us%gl éa ng r?. net hod for

adapting and exec ng a query no prede |ne query nodel
56 i n d&ccor danedefinsd ormieem’bomqqieht (51’6 t He presemtianceenwitm. omethis

embodi ment, o preaigfdRed (AygLy Wepteogeneratad Angmiplai ned - on
8% ?%I‘ an 8

t he server 3 an admni str providéd to  users upoﬁmFe uest and
verificati onpnéd@f@cws qnarm Inegied s BOG I%e:feerganegatedFla@lelﬁa’intahmdret hod

begi ns at st 289 ' & server 30 receives froma user
fogrJ a prede?’?né’g1 query m)gﬂi Eg al{fex? lrflsttreg°§8f %Ih%r WSt et er mi nes
an accessi bl espoy tuppm obqtéet meﬂe‘éu:médjcammfpmadeés§691baaa¢gee the user's

del
FL;;“ lrgogeze Ilhg\/vec?f%%%?ﬁél userﬂ-’q‘féné pi‘&?’?l 3%?%?4 s 5 t%g guery cgesgifsbl e

portion of tie whne:dwefchaeelerqenergo redeli ves mai;/e@.lm lFeotha peeti ogir of the

query model a predefined query model 56. Next, at step 282, the

server determines an accessible portion of the predefined

qguery model 56 based on the user's privileges. The
15 accesggible portion is a portion of the query model 56
that may be viewed by the user. In a particular

embodiment, the accessible portion of the predefined
query model 56 may also be the portion of the guery medel
editabie by the user. Determination of the accessible
20 portion of the predefined query model 56 may be
accomplished by determining the user's privileges to the
query model and then determining the accessible portion
based on the user's privileges.
In determining the accessible portion of the
25 predefined query model 56, the server 30 may also
determine a protected portion of the predefined query
model 56. The protective portion is the remaining or
other suitable portion of the predefined query model 56.
As described in more detail below, the query composer 122
30 may conceal the protective portion of the predefined
query model or otherwise prohikit edits to the protected

portion of the predefined query model.



editable by the user. Determ nation of the accessible 20 portion of the
predefined query nodel 56 may be acconplished by determ ning the user's
privil egesMOP1OME8 query nodel and then deternining the Eﬁwg@%@é portion
based on the user's privileges. in determ ning the accessible portion of
the 25 predefined query nodel 56, the2%&erver 30 may also determne a
protected portion of the predefined query nodel 56. The protective portion
is the remaining or other suitable portion of the predefined query nodel
56. As descri biedtin abr estept a284 beltdhw, steveuelP cdapobezdsi22h80 nmay

conceal the t.ect.i v ggrt' ofc the p ef) ry el ot herw se
prohi bi t é’dﬁgse%tlg(é?h@%pr ter%%%e%& Spst)r?? o{r—iﬁ%f dtlﬁgqﬁrg'gg)f'i ngggqﬁgrg% nodel . WO
01/ 09768 PGK,USBBE20G9ery 24diprberat 132 epliz®layshetber vagced@ithdanl oads t he

pr edefi ned gquer d 56_t he client 110. ste 286, the._gquery
conposer t&%bggygh?h%r%%ecelsnsﬁdblqélerﬁo[r“ fg%lnp% 'ichgthper éltfeetri'ne&gquery nodel
56 te the diger .endbvdimene, enbbei nguéxry t heompoereyr carg2oselisplaydi spl ays a

graphi cal view.of ~accessihl e data.elements defining the. predefined query
model 56. SRPHISAayity (He A sss}?’%feg%a% rteleloeﬁ“fentt%e %&épgngo%gser 122 nay
conceal tha-ddediceticdquepor tibdeal 056t heIpr dileplaneichauerey aromkadsibdet 0 prevent

10 editing and/or yiew ng _of that portion. Proceedj to step,288, the
query con&ﬁéﬂoﬂZ\éhFeggg%scﬂ%peorse%dil%? 6%t ﬁ%n'ﬁ?%dg?q’f%éa O(fl?gzrtﬁgnodel 56.
User edit oomyionncbidecHehepsetefinaah auedesaheidl o860fto daixebase t abl es,

colums in the dat ag?se t abl es ng 15 g’ioi ns between the dat abase tables.
Next? at £HEF1PGoan( e W’S}’gc(?%p B3t B §Bherates a user-adapted query
nodel 128 basedrogred8ehgedid s stept hesmccasri bhaepor t t@fiposer 122

receives user edits to the predefined query 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 gdenerates a user-adapted query
model 128 based on user edits to the accessible portion
of the predefined guery model 56. At step 292, the user-
adapted query model 128 is uploaded to the server 30 for
20 execution.

At step 294, the 8QL generator 74 automatically
generates a database gquery based on the user-adapted
guery model 128. The database gquery comprises textual
SQL that can be executed by the connection manager 76 to

25 perform the query. At step 296, the server 30 receives
the results of the query. As previously described, the
guery results are initially stored in the server 30 by
the cache manager 42.

Proceeding to decisional step 298, if the query

30 includes multidimensional analysis, the Yes branch of
decisional step 298 leads to step 300 in which a

multidimensional storage model 100 is generated based on



of the predefined query nodel 56. At step 292, the user- adapted query
nodel 128 is uploaded to the server 30 for 20 execution. %@éﬁzz%ﬁ%’ t he
SQL gener at oo omati cal |y generates a dat abase quer;’é% on the
user-adapted query nodel 128. The dat abase query conprises textual SQ
that can be executed by the connection rf&nager 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 cdvheramisger 4% apcddi.ngheo Wasiidivpasieradp FUB29ef t he
qguery 30 include l.ti djJensional. .analysk t ¥ ]_amfgtp, ofypgdeci si onal
step 298 Ieamc?gégoaso{ag6g3g{§é|%nst\ﬁh{b%ﬁ1eégé%m?%?%ﬁ'rrehﬁrsji"%]atlmstoréggnﬁodel 100
i s gener at ecbthesediens \WE CEDSEE6d FOT/UUB00E20692 25 the results. At step

302, the nultidi si.onal starage ; i's t o ganherat g ¢pi vot,
drill through, a%%guglgjﬁ Vi g{m% as dr%cq]%gglt][%g by %\Fs{%guser. Returning to
deci si pnal sidpid98ensfond ranallydisebsinraliraigbysds the e Hredickat ed, t he
No branch of. deci sional, st 29 eads to ep.,304 i,n,which .r.eguested
single di merfd O%Fl\%%ﬁ#%l arsggaeng%%t Zl(f §5se gonSt e%ﬁer%ﬁr ewsl{ﬁ%?s. St eps
302 and 304 waplkskeadsingl«etinenenahakteppw0treAgederasednzdssst ep 306, the

server 10 30 .determ nes whet her the user-gdapted er d 2 w il be
stored for I%}(’teerq'rl%{%e.reisfl?{"%'e unge%sesiBrogs %Dnode ggge %/%Creﬂoqg%er‘% %del 128,
the Yes branntiefiodeti stenalos st egr G ilsdadslt step epoB08chen servelr t he query

del _i d.to a sel tfolio 58 gf th 5 it
G oup88 o Vi 4 THE AaEe RHEAC Fbe O LaBE S ot he "RE%hr Adeh of

deci si onal siigp 36 «eeebdl €ad lLater reuse. If the user desires to
save the gquexry model 128, the Yes branch of decisional
step 306 leads to step 308 in which the query model 1is
saved to a sgelected 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 decisional step
310 leads to step 312 in which the guery 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
uging a graphical view of data elements. This
facilitates robust data analysis by all users and allows
novice users to effectively use available infcrmation to

30 improve operations within their organization.
FIGURE 6 is a block diagram illustrating details of

the query engine 80 in accordance with one embodiment of



deci sional step 310. At decisional step 310, the server 30 determ nes
whet her th results are to be stored as an 20 his j apshot.
I f a user g@ e@%ésto store the results as a snapshot, thgeigéa%?éﬂch of
decisional step 310 leads to step 312 in which the query results are
stored to a selected portfolio 58. Ste56312 | eads to the end of the
process by which a predefined query nodel 56 25 is provided to a user for
adaptati on and custom zation, The predefined query node| 56 is displayed

and al t er eth® uBFRFSAL grASRRELP" vi et bf TLT a SBPEAHRRERS - THPE FUEW it ates

robust datéhgal y$o Sihyl@dds USel Sbade, abf Owsta NAYi GersSeLs aha eff ectively
use availaple infcrmation to 30 inprove operations within their
or gani zat i B IRIGORE 4TS5 DI85 KCREAGLEM 11 | HEEPERFHgEBePaiTUETdf  t he

query engi f@gﬁ.%ti N £3C COHERICR, WErBmONenhe Mo Rt - nebe YA O]/ QLGS
PCT/ US00/ 20692 26 the present invention. In this enbodi nent, the query
engi Ae 80 {Hiciq¥fes®4 | 1Dr REFLeFMddihe drpaBest 84 ad@eanintdteigsngent dat aset

82 oper abl & d {bdteBR0NSE thidtRe HUSESra1RUIURS ek @rindROt Lihy AduBdhe |ibrary
necessary data 5 drivers 84 to performthe request. The intelligent

dat aset 8X%dexn (ff hidie ofrtrabiel Ve sddifertt et ddes staapessn déP of the

data drivegshhdd perdAnalt N di8aUeshpr 18 nddePRE Atk @ sdh Hyelaathai n
conprising the necessary data drivers 84 in the necessary order, and to

execut e i rAriMETSr dét tifle Tk anAFPYIRRLY 8RQTART t handr i vRr e¥RERRS R&ferring to
FI GJRE 6, {hed il hhegnhr fdAsqly 83 tAENGEAIES @hdhi ver chain 320 in

response to a query request. The driver chain_320 includes data drivers
322 necessary Redepgingr mot HELGURFUSt eBhqudngelThgentit dat8seri Bérs 322 are

dynami cal lé’erﬁla%%tsedafrcﬁ‘ﬂ;ege HPRAr ¥20f in response to a query

request. The driver chain 320 includes data drivers 322
necessary to perform the regquested gquery. The data
15 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 one
embodiment, the data drivers 84 in the library ~are
derived from a base class for which all interface methods

20 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
herein, the term each means every one of at least a
subset of the identified items.

25 For the illustrated embodiment, the driver chain 320
includes data drivers D1, D2, D3, and D4. Data driver D1
performs a fetch database operation which returns
requested records. The returned records are next sorted
by data driver D2 and indexed by data driver D3. Data

30 driver D4 then performs the requested search on the
sorted and indexed data records. In this way, the

modular gquery engine 80 employs standardized access



avai l abl e data drivers 84 and ordered by the intelligent dataset 82 based
on the query request. In one enbodinent, the data drivers 84 in the
library are W08 from a base class for which all intefdEEMHMods 20
call the next driver in the chain. In this enbodiment, each data driver
has a chain priority for placenment in a 2%anme relative position within the
chain 320. As used herein, the termeach neans every one of at |least a
subset of the identified items. 25 For the illustrated enbodi ment, the
driver chai nm82fods nicd udestaat adatrebeses deriB2, D3s andr&dultDat halri ver D1

perfornms a fetch d base, oper ati on ich return r, st ds. The
ret ur ned recB?ﬂ%ala?]é(?ﬁé%(etd sr%(r%t %& CH}?%%]Q Zée%r%%erpsalff lgﬁggl‘ngg)%égg%%/ dat a
driver D3. Dghéridk diridveheDdosthero perdvades ahfiemaetiseist ettesbasthesn t he
sorted and i ndexed data recpﬁr/%s. ILn this y, the nodul ar query engi ne 80
enpl oys st antr NEEBYEHMD 'P1AG9 7BV ERSTY USD0120692 27 met hods to
perf or m dat abase mu@IREeS. iAsaafl@sWilagriahe ilpostadtihg peedandon bef
custom zed for part] cul ar dat abase, querjes _and the. cost to _provide and
mai ntain t hetBRisiREdE aTi n¥&F1Y gEREE Porthl o PECTEHINEd. wétgl DRE 7 is a
f1 ow di agr anembddisienat ofigthpeppddant dhvehbeomDd Reflerguiagy tengiGERB0O i n
accordance with one %ggogi nment of the §r4 sent invention. Referring to

g

FIGURE 7, the The 5 AR &kt &5eBa64P ntRnTIE L 3 FEPY Yy BRERRTE i s
received by iherdddieldd gontnhdaiasan i83ntNaxtasad o3t epndQtr34a; &hep
intelligent dataset 82 dynam cal Idg selects data. drivers_84 fré) t he

m
li brafy necedddr yri% PersldriArPheddt iRty o id@micpl b¥eBAIRGEE o“i%p 344,
the intel|liggnivelat aget B8dm daier Mpesr} Naecoedeiryof rdatgertidrner shd4

necessary to
guery request.
Proceeding to step 344, the intelligent dataset 82
determines the order of data drivers 84 necessary to
15 perform the request. At step 346, the intelligent
dataset 82 dynamically constructs & driver chain
comprising the necessary data drivers in the necessary
order to perform the guery request.
Next, at step 348, the intelligent dataset executes
20 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
completion of its own execution. As a result, the gquery
engine 80 and dataset 82 are application independent and
25 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 functiorality.
FIGURE 8 is a block diagram illustrating details of
a multidimensional storage model 100 in accordance with
30 one embodiment of the present invention. In this
embodiment, the storage model 100 utilizes a ncn-sparse

architecture to minimize the size of the model 100. In



15 performthe request. At step 346, the intelligent dataset 82 dynamically

constructs ber chain conprising the necessary data i pn the
necessary wgor(ﬂ@b%go performthe query request. Next, at gg*e)b’g@&&&the

intelligent dataset executes 20 the driver chain to performthe query
request. Wthin the driver chain, the?Batasets 82 are executed in order
with each calling a next driver 84 in the chain upon conpletion of its own

execution. ,.a result, the guer engi ne 80 and dat aset. 82 are application
i ndependen?éa‘i’rfdoé’s Eaf Séoﬁag?l‘ﬁgc}ﬁ}diﬁioed‘sﬁﬁ 8QpPBER AETRFRATEFEnal ity by

addi ng datgo daivew Sc8fctitadiid idy Ay apshil QANITRESRRG ¥kl | gent
dataset 82 as to their functionality. FIGURE 8 is a bl ock diagram
i |1 ustratimy 399k £08f 15 CORFTEUALFEnsi onal storage nodel 100 in accordance

with 30 one eegdi-Feny eb FREUREESENtnkNWAEDNEEQlmeddk dils fupdinent, the
storage node| 100 utilizes a ncn-sparse architecture to mninmze the size

of tRe nod®defoci0d (FIMBTIELSO PeELOETA6808PF0Fesh I measionoAndt Re st or age

nodel 100 4isAS 62 OpRR & Chhieciave &fmaéldiM cal eyleath ons 4idnke
dynami cally perforned after the nodel 100 is constructed. Referring to

FI GURE 8, $¥RESPEP diFRMSBnaPr st tagends rrraiated cdapri sduass] ot 360
for each diymnzicen 29dmAa HaPhbabe {RI1E CRd CH$ﬁé@patg4dre&E§ﬂe91%F.oIhe

di mensi onal_ slots 360 contain entries and associ ated data val ues

extract ed F¥5m 3 6Farcapagénwirre checekatad haseddigreridiorextslasted362 contain
dat gagcal cy{ated based on the extracted 10 data. For the illustrated

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

di mensi on stor&§& thp2ilineteated smledigentz0 aasit dlimensiont sdbtnon- sparse

360 includes an entry storage 370 and a dimension storage
372. The entry storage 370 contains a set of non-sparse
entries 374 for the corresponding dimension. Preferably,
15 only non-sparse entries are included. The entries 374
represent combinatric dimensional values and each
identify an associated data value 376. In one
embodiment, each entry 374 includes a pointer to the
associated data wvalue 376. Alternatively, the data
20 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
efficiency and processing speed of the multidimensional
storage model 100.
25 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 wvalues
for each dimension.
A set of interdimensional links 380 is provided for
30 each non-sparse entry 374. Each interdimensional 1link
identifies an intersection between non-sparse entries 374

in different dimensional slots 360. The set of



entries 374 for the correspondi ng di nension. Preferably, 15 only non-sparse
entries are included. The entries 374 represent conbinatric di nensional

val ues and ed¥P0V§%Bntify an associ ated data val ue 376. | n*oHES &8I nent ,
each entry 374 includes a pointer to the associated data val ue 376.
Alternatively, the data 20 values 376 cak®be stored along with the entries
374 in the entry storage 370. Use of the pointers and separate storage of
the data val ue 376, however, inproves efficiency and processing speed of

t he mul ti di mnénsevditenssitordge Inodel 1980 25nThedeal menséon @t or mgee 372

i ncl udes the d La vaIJ_,luseL%n 376 ]g_s}%gm at ed ‘P{' th Ieentr dt” th\eh%ntry

storage 370. dﬂ“eta Vartes represent uni que menS| onal ues
each di mensi ontezdiseinsdionait drigkaerisitonate | bikdi 384r icsiapr ovd dediléer 30

each non- sparggjfentr tgﬁ?begggiebgﬁ%%lg's@?i%%%ﬂsa' | nll< Shdeptifies an

i ntersection® fer 8nt-di fenstonal slots
360. The set e0thd HEERRBI68 Pﬁaﬁhlﬁoarﬁ@@%oirzﬂ i nt erdi men5| onal |inks 380

i ncl udes one or re . interdi nensianal, |Link ne e t he

i nt er di mensi onal m)l?en@t?g lﬁ?‘ésjb‘?naai ﬁéf‘b‘?oﬁgp f%l §9owWe e¥f fll SPE?‘nfyt raver sal
bet ween t he dinenstensécisiorlss b2Goekn nEnQEpéJﬁe dérientdsoe 4 otn athent ry

p0| nt. The interdi nensional |inks 380 col |veI

denti f | |
i nt er sect i onS BT N FLEEFartdd -ent FFEIFEFH |Yn t%ﬁrel e %FB%%?S‘SI ots 360.

Accordi ngly, iaéludiHer Seet | 0BSored NChigt Ny ﬁ!ﬁte_rﬁcﬂfleﬂlseﬁptc}éﬂ nties secti ons,
can be 10 determ ned fromthe non-sparse entries 374 and travers of the

i nt er di®rensi BREFTTHIRES 300 TPR PARITRINSE SHTMGR 2 TEnfBfs ECFYBRBet ween
dat abase entgf eghd N drdisbnad6haA links 380. In particular, a null

intersection between database entries in a first and a
second dimension 1is determined by the 1lack of the
database entries in the model or the lack of
15 interdimensional links 380 connecting the entry 374 in
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
20 the first dimension to the specified entry in the second
dimension and then obtaining the data value 37¢
asgociated with the entry 374 in the second dimension.
Data and information obtained by traversal of the
interdimensional storage model 100 is output for further
25 processing as described in more detail below.

The calculated dimension 362 includes a set of
calculated wvalues 382. The calculated wvalues 382 are
values derived from predefined calculations requested by
a user contemporaneously with the multidimensional

30 storage model 10C. Thus, while the multidimensional
storage model 100 provides an open architecture to allow

calculations after its creation, contemporaneous



second dinmension is determined by the | ack of the database entries in the
nodel or the lack of 15 interdi nensional |inks 380 connecting t he entry 374
in the fi ™% nsion to the entry in the second di men8FEHS00283%. spar se

i ntersections between entries 374 in a first and second di rrenS| on are
determned by traversing the interdi m&hsional |inks 380 fromthe specified
entry in 20 the first dinension to the specified entry in the second

di mrension and then obtaining the data value 376 associated with the entry
374 in theadeudaticgnpensavastedaby dife | wber nwikbbn tdist anedal byreraver sal of
the inter storsag gcpegf 0 u

processin qlelgg ggg?l %d a?lr?arr%? et algal O% “E%l‘?'hérég :?Hac{ gE& nmensi on 362
i ncl udes a:metlgh ofal ths ame‘@iEl/alQu@saQQZ.tOThenMV@ulfateedsmcueef 382 are

val ues der] 3 f zal cul ati ons requested by a user
conterrporgﬁgggg%%&?ﬁ&%ﬁéﬁﬁsggfrrensional 30 storage nodel 100. Thus,

whi I® the mult FEFURRsPora a sbiwclgediagiain 100 ystawtdeg @xeopdararchitecture
to all ow cyl.ati_ons ft r tenporaneous /09768
PCT/ US00/ f%gb 40 Oaglgl cgll a emhﬁirg ﬁ‘gis e%r%a‘%%q eggser W Eh {“ﬂeollrmdel are
pr ecal cul aved famd tgmaree@npdanyndata_ew«trocesefagrarhgeto ELGERE o9, of t he
nodel 100 nd to rovﬁg efrgclqdesméllt'd' rrenS| al (gng%ym . 5 FIGURE
9is a bl &R & ag?a us ra an X npl ary

| ng exenpl ar i‘/‘enaa?
mul ti di nersilondhted odagensiboe| C3402 Emertsh@nexahhphacyudi@é aud®@ue Ref erri ng

t he ary data, 400 nludsdirren5| sCladCZand
caliédul at e§%5 al%)é%gzl‘ % aand 8 Ih|§1Lcl udaglsenusrﬁoalue 0 Sﬁhﬂ ®Sal ues A B,
and C whi Iumquaeastnpl @aluesl Dde§3, llf’m Gue and ry. valrbhes cBlchklated G and H.

The Calcu%@&2g51on C3 includes calculated data values 1, 2, 3, 4,

5, and 6 corresponding to different predefined
calculations.
15 The exemplary storage model 402 includes dimensional

slots 404 for dimensions (Cl1 and C2 and calculated
dimensional slot 406 for calculated dimension C3. In the
Cl dimensional slot 404, the dimensional storage 410
includes wunique dimensional wvalues A, B, and C. The
20 entry storage 412 includes entries with which the data
values are associated and pointers to the data wvalues.
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
25 data values and pointers to the data values.
Interdimensional links 420 identify intersections between
entries, and thus data, in the C1 and C2 dimensions. The
calculated dimension 406 includes calculated data wvalues
1, 2, 3, 4, 5, and 6 associated with predefined

30 intersections of data in the Cl and C2 dimensions.
From the exemplary storage model 402, it can be

decermined, for example, that entry values A and D in the



di mensi on C3 includes cal cul ated data values 1, 2, 3, 4, 5, and 6
corresponding to different predefined calculations. 15 The exenpl ary
st or age nodelwd@motsacl udes di mensional slots 404 for di meffSVeH¥2E2 and C2
and cal cul ated dinensional slot 406 for cal culated dinension C3. In the
Cl di nensional slot 404, the dinmensional 3storage 410 includes uni que

di nensi onal values A, B, and C. The 20 entry storage 412 includes entries
with which the data values are associated and pointers to the data val ues.
Simlarly, tbe &2d diaehsiensabns| dDitelbectndéhudest urheperedatoaneate@s D, E,

F, G and H|jn dinensjonal ,storage 414. ntry storage 416 includes entries
associ ated wP¥h 1He& ‘"ﬁé‘?éo{}%{ ug's”g(ﬁ;d ﬁglgntersftfo e aetaf\t/lgl:ﬁgei“s.

| nt er di mensi gagérhiddes 4@ ictertyi fpulissecsenti bpndobebwaenereatti s, and
thus data, in the Cl and C2 di nensions. Tge calc§Lated.di n LOQ 406
i ncl udes cal Efftt 8°¥at3rs aPQes copnested by terdimanaiQgy a?éﬂ With
predefisned 3800 nt ghserdd aie Worflataed Nby hen€draintknS2 odbedshlasit From t he
exenpl ary storage nodel 402, it cap be _determ qugIor exanple,, that entry
val ues A and2BY|PPS ¥ RDSET/B88788 Freerdstsrsns Qgﬁﬂggﬁ &%rensi ons
intersect inghpaied hey are connected by interdimensional |inks 420. It can
be further determned that entry_values C and_D do no_intersecﬁaén t hat

e

they are not connQ@BE b\ i H eR dithBHsGARIFAR| RUSEEDE IR r B

connect ed bygipt %reﬂiegﬁeﬁl@n%'nd' | ikEnd f thanywmORe d@heAs $64418S s@brage
i nt erdi nensional "1inks connect the entries. FIGJRE 10 is a flow%diagram

i || ustiat i ngmaderet HOQ £Br FRERECREFRg BHd uSiBg BRROFAMSI I REnsFBhal
storage 10 gpdelntlOfhydhacsor dageee i ane ertndi Medt ehet Rethod

begins at step 440 in which the multidimensional storage

model 100 is generated by the multidimensional model

manager 44 in response to a guery request and is based on

15 results of the query request. The query request

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

20 100 by first fetching data records from the source. For

each data record, the dimensional values and data values

are then fetched. Thereafter, for each dimensional value

of a data record the multidimensional model manager 44

determines if the dimensional value is present in entry

25 storage 370, in which case it may be used. If the

dimensional wvalue is not present in the entry storage

370, an entry 374 is created for the dimensional value in

entry storage 370 and the corresponding data value 376

gtcred in dimension storage 372. In either case, the

30 dimensions are next traversed from left to right to

create intexdimensional links 380 for the entries 374 in

entry storage 370. Existing links are reused while links



present invention. Referring to FIGURE 10, the nethod begins at step 440
in which t | £ i di mensi onal storage nodel 100 is generated by the
mul ti di nengf%%%ﬁodel manager 44 in response to a querfcir@aﬂ’@if”and is
based on 15 results of the query request. The query request specifies the
di mensi ons and data di mensions for the32nul tidi mensi onal storage nodel 100.
I n one enbodi nent, the nultidinensional nodel nanager 44 generates the
mul tidi mensjonal storage nodel 20 100 by first fetching data records from
t he sour cetP¥or a@gc MHE A e858 d CreREedi nendFonaddiiares &RE ddi®a val ues

are then fgiohedstherigrhkebn, f ahrgaghi didrensi anad ¥& Ugne Ofe @t a record
t he mul tidi nensional nodel manager 44 determ nes if the dinensional val ue

i s presenta¥ adieqd DB ShermyLtdgrensiompilcmodade mapagay Bé-usdd. If the
di mensi ona,; yal yg, | anaet_fspcl_r;@&elrtthalt_n the ermlrtyicﬁtnféﬁgggna§7ostf’%§%n”y 374 is

created for the dinensional value in entry storage 370 and
cor r @spondnPdedato? waruee3Tehertife guifabl viesenenrptadr age 372. I n either

case, the 30 difmnsi oRgear@ NexdinehdY8hsed JCOMJLl ok i ghy ;g create
i nterdi nensional links 380 for the entries 374 I'n entry storage 370.

Exi sting |generaies r Ais@d 449 IRFACesRks WO GLEDORE8 - PCRIUSTBIR0BP2 32 t hat
are m ssing,ar 6,6t a3t fhs1dhAddLEON, ERLGLPE 447 RSt di jon, data
val ues fetched %lor t he rselcord are adgeg %%/ tﬁg rr% £7 di mengi (r)vralla%} nodel
manager 44redquestyifor pr awdeestobdth@aspenef ind t dihemsisirenaindtcar age 5
nodel, 100 S&tngquyge Uit ab erat.ed, , Af - { i di;mensi onal
storﬁgge rrocg%%/atlkg' I's genera?%%’, ;Ls%/ep 404@&,0583(1%‘8?8“3?% 41432‘%1,5;[ step
442, the medel dimmvagesnak4nodetermirmser t44verealgesnecessary r éguest for a

subset of &é}?er%&%c' thed &’ieﬂ?”%&%s anpd/ Qtorage model 100 and a

starting point for each traversal. The traversals are
defined by the specified dimensions and the starting

15 point on entry determined based on how the model 100 is
organized.

In one embodiment, the multidimensional wmodel
manager 44 retrieves a first and a next record from the
multidimensional storage model 100 using a bottom-up,

20 right-to-left recursive movement. In this embodiment, to
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

25 entry, are positioned to their first entry storage value.
Child entries, which are those to the right of the
selected dimension, are also positioned to their first
entry storage value. For the first recoxd, the
multidimensional model manager 44 then retrieves wvalues

30 for dimensional entries at these positions. To retrieve
the next record, the multidimensional manager 44 attempts

to move the right-most child in the wview. If the right-



10 data di nensions. Next, at step 444, the nultidi nmensional nodel manager
44 determ nes traversals necessary to generate the view fromthe storage
nodel 100 andwasi/®tasrti ng poi nt for each traversal. The trBURUSIERSHr e
defined by the specified dinensions and the starting 15 point on entry
determ ned based on how t he nodel 100 is330rganized. In one enbodi nent, the
mul tidi mensi onal nodel nanager 44 retrieves a first and a next record from
the multidinmensional storage nodel 100 using a bottomup, 20 right-to-Ileft
recursive noweeeNntchila tBi smoeabdd] NEdt ist Gepbeiticvedt bedf thet daegord, the
mul ti di mnensi onal nodel nmanager 44 positions a first dinension selected for
di splay to t Kelpepdstiehft sgﬁralj@eva"?‘tﬁenﬁex’é’?séﬂon%ar‘ 18nt F8s, which
are those toghhesdahdngionkhe dHd0rebe2moaBtr Vooar e pesi-hieonadHombbei r first
entry storage value. Child entries, which are those to the right of the
sel ect ed di mERLBnis afet alREPRISsi tHiEnaW it i RepF i als tmodedt W“g‘ﬁSFage

val ue. dor thg fGitkshpte€Cobdmot-BethBUbbi-dhiensi @Ralt ended, Mnager 144 then
retrieves val ues 30 ?or di nensional entries at these positions. To retrieve
the next recékd, ePREY niPreHiakedyi 6RaltPRan8§lr 0Gathet ERAPES: t 6EnbhR the
right-nost cBilgnt M4 hvesw, Lf therdddaht i¥EEQ1409 768 REEUSEN 62420692 33
most child is novable, it is repositioned and the data values fetched at
the current pe5FEedNs @t hi FheHE mAYIEYrensi BRI 1908r agelhodeFP800. | f
the right-no j I t A eyl ti g nensional gh nager 5
44 attenpts ﬁglﬁg@e*ét}lﬁé%gggeﬁfp%% ﬁnegtdteghilpg, V\ﬁ}ifch IS tﬁgnggtgjg?’ga

i medikt el y be maeefef an ot k4@ cHisg dnadef toh@ovgatbst PRSeRbyaBl Ehatt i s

reposi ti onedpandnd hefiah skak HeSend £ G a3k e LG fo CiHd QRlrcPESI EhONS in 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
15 starting points within the multidimensional storage model

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
20 maltidimensional 1links 380 to determine the existence
and/cr value at a specified intersection. At step 448,

the multidimensional storage model 100 determines any
value at the sgpecified intersection. Next, at step 448,
the multidimensional model manager 44 determines whether
25 additional traversals exist for the model 100. It
additional traversals exist, the Yes branch of decisional
step 450 returns tc step 446 and the remaining traversals
are performed and intersectional wvalues calculated until
all traversals have been completed. The No branch of
30 decisional step 450 then leads to step 452.

At step 452, data and information output from the

multidimensional storage model 100 is summarized and



mul tidi nensi onal storage nodel 100. If the parent cannot 10 be noved, an
attenpt is_nmade to nove the parent of that parent, which is the entry

i mredi at el Q"Q‘B’“ﬁ"ﬁ‘g |l eft of the first parent, and the prSgg@@“ra@f%at ed
until no parents renmain. At this point, the end of the process is
reached. It will be understood that th&*traversals and 15 starting points
within the multidi nensional storage nodel 100 nmay be otherw se suitably
determ ned. Proceeding to step 446, the nultidinensional nodel nanager 44
traverses 9r&eful t ild Meddi Afalursiesehgednbet theomelbidinensdenay poi nt

acr 05 ConeR1La0 rdleuhbhdriynskoBhebhiks A iUl Udfedde exi st ence

and/or value af a specified intersection. At step 448,
mul ti di merfgicosammaréragearddel Haiyedet bynisapararyng Vil et zaverselspeci fi ed

i ntersect idﬂéra'é“i&m Ao ERe 4é§mma£b§iﬁ§“ Lhdi rQ%J}?:ii? al, i nager 44

det er mi nes "whet her 25 additi ona}l t_raversal S exl st r the nodel '100. |If
addi ®i onalpnocgeeisgl efEigiancyt ke Yeprovesch of decisional step 450 returns

to step 446 an er iy ver Le_pe d [tqqg i rsecti onal
val ues cal cul agg Iet'mti&“fnjl iﬁ#gt %ggér s%?ﬁs%mg\qfelggeegﬁﬁg%%l et'ed. %‘g No branch
of 30 dediwitddamensepnalb) shenageadsodelst elPU52isAt gtaphi4s2lydat a and

i nformati o] h i di |qqgi 1 del. IS

sunmar i zegﬂasﬁgra%ao%%og}}(%ﬁﬁﬁ&ogl g%%% 4@5&[ g%-e qﬁ[% \;q\ﬁlllel%ggg under st ood
that the r2i4tich nehsi gidkentstldlage Rode¢ed® ney Wecdshenai setepnfigured to
presgrt B8 SUTTELAE A, VRN Clee DYeISBNAL | Nl NGeLr AUSLaR!
operation frdmthe sunmari zi ng and sorting operdtions, pf OCESSi ng

ef fi ci encyetsrngpr bwedstagex®42at ist eghidd, thef oviewi arequdsput ahdom t he

mul tidi msré%iegriﬂleat Ord@glgngﬂgr% 199ei srg(r:gp_\bé&al ‘lﬁ{d the process
repeated until all.requested views have been completed
and displayed to the user. At this point, the No branch
15 of decisional step 456 leads to the end of the process.
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,
20 a user can create new calculations to analyze data
intersections that were not anticipated during the
original definition of the model. This reduces time and
regsources needed to support pivot and drill operations.
The additional views may include pivot views and data

25 drilling for high and low level analysis.

FIGURE 11 is a screen diagram illustrating a display
of related window 480 in accordance with one embodiment
of the present invention. Referring to FIGURE 11, the
display window 480 includes a menu bar 486 with a wvariety

30 of pull down menus 488 disposed along a top edge of the
display window 480, A toocl bar 490 1is disposed

immecdiately below the menu bar 486.



di splayed to the user in a requested view by the viewers

110. Proceeding to decisional step 10 456, if additional views are

request ed,

, theo¥eswréy anch _
and specified dinmensions are received and the process

124 on the client

returns to step 442 in which thecwusinogdruest
repeated until al

requested views have been conpleted and;gisplayed to the user. At this

point, the No branch 15 of deci sional
process. In this way, the business intelligence portal 10 provides

step 456 leads to the end of the

a

mul ti di nensi onal @ﬁgr??%%gﬁﬁe&i&égbcqséeggfl S 78 Alks | gPrRYEd,Pr ocessi ng

speeds t hat

support e t pivot and

operations during Tdata

anal ysi s. | nwaddowi chP2 26nd userpcrafiotieatwintow cabeul adiagentt othaal yze

data intersectl not ti.ci d i.ng € : QL]
definition ofgﬁag&in%gﬁamxﬁéézTedgggsc%%%géingggéégoﬁ%%egl%%%%%%a%o support
pi vot and drfileopdeaiirong. withénaddiet i caedlog edd. mayThaclpeds fplvot vi ews

ratin

a

dd 25 drilling for.hi I I Lysis, R '
S eon' s aoouthhdy | I OhaBLALANIRLONAGKE ARRASI Sy B actloh® B e

screen "di agram i

ay of rela

wi th one enbpdrufmitic.of the present invention. Referring to FI GURE

di spl ay wi ndow 480. i,ncl ydes a nu, bar .486 w a variety 30 of pull down
nmenus 488 disposed“%Pﬁhégﬁ ﬁ%ﬁQEESQOOFl?ﬁ%WM%%£p|%@gﬂﬁﬂ%oﬁgigﬁ}e Ctool bar
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eagily organized together and efficiently displayed to a
user. In particular, the portfolio window 494 provides a
common window with a single data interface (8DI). The
discrete view windows 496 are displayed within the common
window in a multiple data interface (MDI). It will be
understood that other types of related components may be
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
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
of the display window 500. A tool bar 506 is disposed
immediately below the menu bar 502. The display window
500 includes a catalcg window 508 and a portfolio window
510 as previously described in connection with catalog
window 452 and portfolio window 494.

In the illustrated embediment, view windows 512 are

maximized with the portfolio window 510 to provide
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are each Qﬂﬁkﬁbgﬁikgbgésgbgytéql For example, the view buttons may

be generated any time a first window becomes at least
substantially hidden from display by an overlying window.
15 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

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

20 be displayed adjacent to or remote from a corresponding
window.

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

25 It is intended that the present invention encompass such
changes and modifications as fall within the scope of the

appended claims.



associ ated wi ndow 512 as the active window in response to activation. This
allows users to quickly and easily navigate between the w ndows. As a
result, user ¥¥&d7680 constantly nove, close, open, and rE3VUSEA(Hdows t o
view 10 related data stored in disparate files. The view buttons my be

ot herwi se di spl ayed or generated in respamse to other i tabl e events. For
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nodi fications as $EFRLANIOR 7 RECSESHRLIBT PPRELCAPRENIEE ATSREINGEC)

01/ 09768 PCTHLSED QRI2 1372144411 1111111111111111 WHAT IS CLAIMED ISt S

1. A nethod for generating database queries, conprising: storing_a
predefined query ¥RAFEVIDGr Yffer idiFsa tS Hae apgsessdpspl BYF P an%5ccessi bl e
portion of thgepredeldined «QUeyndidel to a user; receiving user edits to

the accessible portion of “the predefined query nodel;
10 generating a user-adapted query model based on user

edits to the accessible portion of the predefined query
model; and
initiating a query of the database based cn the
user-adapted query model.
15
2. The method of Claim 1, the act of displaying
the accessible portion of the predefined guery model
comprising displaying a graphical view of accessible data
elements defining the predefined query model.
20
3. The method of Claim 1, wherein the graphical
view of accessible data elements comprises accessible
tables, columns in the tables, and joins between the
tables.
25
4. The method of Claim 1, further comprising:
receiving a reguest from the user for the predefined
guery model;
determining privileges of the user to the predefined
30 guery model; and
determining the accessible portion of the predefined

guery wodel based on the user's privileges.



10 generating a user-ai m ﬂ ﬁ! riﬂ E% based on user edits to the
accessi bl e_portiaon of ry nodel; and igLlt.all a query
of the dat ¥4 8sed ﬂ G HL m H!H i ed query nodel . Eg}ly%#ﬁgznet hod of

Claim1, the act of displaying the accessible portion of the predefined
query nodel conprising displaying a gf8phical view of accessible data
el ements defining the predefined query nodel. 20 3. The nethod of Caim1l,

wherein the graphical view of accessible data el enents conprises
accessi bl e tabfles, ™86 uRREPPR tPe tEHRES, land IMEFRST beFNBRAIIRE t abl es.

25 4. The gpihod ofy daimihe fAdckBEELEONBEESI B of I €61 ¥EOG B dROuest from
the user for the predefined query nodel; determning privileges of the
user to theupredeidededo 8begu®®Y nodel ; and determning the accessible
portion of the predefined query nodel based on the user's privileges. WO
01,09768 11111121121121211212222 (1L 11 ITH PCT/USO0/20692 L L MS 38 5.
The et hod of @-ai mThe mgehpérok SigimsiingfustRey SAMFISAPF:t he accessible

por tion of the dehied -ayeLyt AR die LBR:USEL. che CprddirsiRidiod of

Claim 1, further conprising: ~ receiving a request fromthe user for the
pr edef i nedquepiermededdel ; deternmining privileges of the user to the

predefined determining privileges of the user to the predefined

query model;
10 determining a protected portion of the predefined
query model based on the user's privileges; and
concealing the protected portion of the predefined

query model from display to the user.

15 7. The method of Claim 1, further comprising:
receiving a request from the user for the predefined
query model;
determining privileges of the user to the predefined
query model;
20 determining a protected portion of the predefined
query model based on the user's privileges; and
prohibiting edits to the protected portion of the
predefined query model by the user.

25 8. The method of Claim 1, wherein the user-adapted
query model comprises database table joins modified from

the predefined gquery model.

9. The method of Claim 1, wherein the user-adapted
30 query model comprises a database table absent from the
predefined query model.

10. The method of Claim 1, further comprising:



guery nodel ; 10 determ ning a protected ﬁorti on of the predefined query

nmodel based on the user' mulmuumﬁlll&" conceal i ng the protected portion
of the predefwaerbsepgery niMdn [ikn SRIaREPIBY to the user. 15pcdrwsbhguspet hod of

Claim1, further conprising: recelving a request fromthe user for the
predefined query nodel; determ ning priygleges of the user to the
predefined query nodel; 20 determning a protected portion of the
predefined query nodel based on the user's privileges; and prohibiting
edits to the protggted.partio he predefdned ry. ;.by, 4 he user.
25 8. The method of C a:1Li % 1, \r/]\7rr1é§ru§i n tEe&gse'rh[éadggggd '%ﬁ%?;trmﬁllé%]

conpri ses dapudReieinesblejyi nedewdiabided from the predefined query nodel .
9. The method of (.aj; whgr eLh er- d.,. ue

conprises a dat abassgJ {%{%Pg agsent %%%rm? rﬁ%‘?’% gf ivﬁ%g gﬂe% Errr%éje . 10. The
met hod of O anmdcesaibligeporioipr iofi dgta W del3$768 thd Ojatkbbhbe.
N1111131111111 PCTIUS(c) O 20692 39 receiving a request fromthe user to
edit the predefined query node ; and displaying to the user a graphi cal
view of at | east llan ateesstipd gfociadn Df det-heel eommtising:t he dat abase. 5
11. The met hod of iim 1 urther_ canprising: , automatically .generating a
dat abase query baasugg%gghc?]h{ ué%r?e-ré_’l é‘%@ecf‘ q%%raybar%de?‘l;eré'ngz’ﬂ%dtioé’ti ng the
dat abase querhe UABr0:H89768 duerlylibdeld 1hid11111111111 11 PCT/ USO0/ 20692

initiating the database query.



L 40 12. A nethod for generatin base queries in a business
intelligence portal, ui m EN Mng on a server a p 1 query
nodel for “&u‘gfoﬂ‘sﬁg aﬂ_!ﬁm ‘ ‘g ,!‘ . | oadi ng at | east a?g@%@?@&& e

portion of the predefined query nodel to a client; displaying the
accessi bl e portion of the predefined éﬂery nodel at the client; receiving
user edits to the accessible portion of 10 the predefined query nodel at
the client; generating a_ user-adapted gueré%nndel based on.user edits to

the accessi bl e Yort PofesRORhECr Akdg9qdar3Paso IS & d Pnfti ating a

query of tBgsfadabasrchasgenes pdaallsb curpriadepi ed query nodel . 13. The
met hod of Caim 12, further conprising: downl oadi ng t he pgﬁgg‘g ned query

model to the cHiBHDI 200 g@neteiviafy 3 hBTELet 1aRApABATY LAY T at the

client; up&g@g}i,ﬂga theawseksadapted query nodel to the server; and 25
initiating the guery of the database at the server. 14. The t hod of

O ai @ 12, the RWgoagisg Af nifife &RcESSPBFEPHRr PPERIBE e defi ned

query nodel,, . §OMHdESIGrH aBhaY i tW 2 driapkical view of accessible data 30
el enent s dieD <Fnl ng thg%prrgdefi ned query nodel. WO 01/09768

11111111111111198sPlpying] Fhel BoPeFPURbe/ POBYO™ @ LEWP sPEEd95in%Fthe net hod
of C aim lg,.mpefsidl bRecacaphis;

receiving user edits to the accessible portion of
10 the predefined query model at the client;
generating a user-adapted query model based on user
edits to the accessible portion of the predefined query
model; and
initiating a query of the database based on the

15 user-adapted gquery model.

13. The method of Claim 12, further comprising:
downloading the predefined query model to the
client;

20 generating the user-adapted query model at the
client;
uploading the user-adapted gquery model to the
server;

and

25 initiating the query of the database at the server.

14. The method of Claim 12, the act of displaying
the accessible portion of the predefined gquery model
comprising displaying a graphical view of accessible data

30 elements defining the predefined query model.



vi ew of accessible data el enments conprises accessible ables, colums in
the tables, and joins between the tables. 5 16. The nethod of Caim12,

further conpMOs(i/g7es rﬁﬁ"ﬁ”ﬂﬂlﬂ“ﬂﬁ” t at the server frdTASIYA6I2at t he
client for the predefi determ ning privileges of the user
to the predefined 10 qlery rodél: *ant determi ni ng the accessible portion
of the predefined query nodel based on the user's privileges. 17. The

met hod of Claim 12, further conprising 15 displaying only the accessible

portion of the pr?ESiefi']]'hEd metphesy ofodsaiatl 12he widreih. thd. gagphaehbod of

Claim 12, further risi cei vi a request at the server.froma
user at the "ﬁﬁwclq C?%?Srtg%é’ pgiﬁ%f Fﬁgﬁeahﬁﬁf%aéﬁesd&%}eﬁﬁﬁ&

privileges obblée, u&ﬁﬂu'txﬁsthﬁl pradefiameds,queny Fedek, sedwign NtRg a
protect ed port ?n of the predefined query nodel based on the user's
privil eges; B'%% conceal i ng the protected portion. of the predefined
query mpodel from display at the client. WO 01/09768 |
1111111111111111111111 |1 IIII PCT/ USQ0/ 20692 C L M 42 19. The nethod of
O ai m 12, furtherl&onphesPRghod Rc&ilifigla: rietidsr sPTPRESgver from a

user at the cliemdcdiofinbhe pegaald ned tauesy POded onflel E-NLPY-RL I Vi | eges
of the user to the 2 edele ned. 5 query nodel; determni ng a protect ed

portion of tReifite 88 PERASineSdaleBRsERAedi the user' s privil eges: and
prohi biting edi t%é&ﬁ&lﬁlﬁé%ﬁﬁﬁ@g@@ bEOPhOf uddle to the predefined

10 query model; and
determining the accessible portion of the predefined

query model based on the user's privileges.

17. The wmethod of Claim 12, further comprising
15 displaying only the accessible portion of the predefined

query model at the client.

18. The method of Claim 12, further comprising:
receiving a request at the server from a user at the
20 client for the predefined query model;
determining privileges of the user to the predefined
gquery model;
determining a protected portion of the predefined
guery model based on the user's privileges; and
25 concealing the protected portion of the predefined

query mcdel from display at the client.



RLedefineﬂ query aneI at th ' | 10 20. The nethod of Claim12,
erein the user- a apUl“"&mﬁL !ﬁonprises dat abase LQL NS
modi fi ed f WOHOHES pr et | A |. 15 21. The netﬁ%@g%@n%ﬁgin112,

wherein the user- adapted query nodel conprises a database table absent
fromthe predefined query nodel. 22. THE nmethod of Caim12, further
conprising: 20 receiving a request to edit the predefined query nodel at
the client; and displaying at the client a graphical view of at |[|east an
accessi bl e porti®on Ghedaehhefeprflaim 12he fUgEhehLIPIFIPG: The met hod of

Gaiml2, furt hféceclq«??}%’ S '}queg‘é“@t{ alld Gty ehe rofr ¥ehis@r dat ahyase query
based on the user-adapted query nodel; and initiating the database query
at the seregient for the predefined query model;
determining privileges of the user to the predefined
5 query model;
determining a protected portion of the predefined
query model based on the user's privileges; and

prohibiting edits to the protected portion of the

predefined query model at the client.

10
20. The method of Claim 12, wherein the wuser-
adapted gquery model comprises database table joins
modified from the predefined query model.

15 21. The method of Claim 12, whexrein the wuser-
adapted query model comprises a database table absent
from the predefined query model.

22. The method of Claim 12, further comprising:

20 receiving a reguest to edit the predefined query

model at the client; and

displaying at the client a graphical view of at
least an accessible portion of data elements in the
database.

25

23. The method of Claim 12, further comprising:
generating at the server a database query based on
the user-adapted query model; and

initiating the database query at the server.



