O 01/ 09754 PCTI USO0/ 20708 MODULAR METHOD AND SYSTEM FOR PERFORM NG
TABASE QUERIES TECHNI CAL FI ELD OF THE I NVENTION This invention rel ates

gepwrally to the field of analytical data processing, and nore
@_R&cul ar | yotewosyss nodul ar nmet hod and system for perform pgrdsboadeasse 5
queries. BACKGROUND OF THE | NVENTI ON Business intelligence systens began

| argely as decision support systens (DSS) and executive information 10
systens (EI'S). Decision support systenms (DSS) .. and executive information
systens (EI'S) were val ue afopPULAR\WMHTHOD hivdt sPsoEMdRoR addi ti onal
information from existing pERFORMING DATAGAEBRN@UERIESEessSi ng (OLTP) systens.
As business intelligence systens devel oped, they 15 integrated decision
support system (DSS) functionality wth executive information system (EIS)
functional i t yrEcrane¢agdsediwor iThe anekMtioml processing (OLAP) tools and
managenent reporti tool's. These hybrid business intelligence. systens
vvereg'gradu-al ly m)\'fg‘gsf rgHER RPN 28Y eSS RRA S Dihe RP t%‘%d%é?fﬁiblﬂfed

server/ deskt GhalgRichDNERRE ifrodlek8ing eandl mh paeeSSuldfre tecently,
the advent of centralized data -warehouses and datanarts have created a

dramatic -indiQdaT | ethod) afRe JAYELRE t iGRF t PHEEAING e A258N25H] ed- and
25 di stsi but egheMilBi.N an organi zati on. Such data warehouses and datamarts,
however, were typically optim zed for information delivery rather than
transactional processing. As a result, data warehouses and datamarts

of fered onl y HaoKkcRetNS ob T INveiTEOKRN Ng stored data WO 01/ 09754

PCT/ US00120708~ Z_1nto userul and strategic tactical information. During
Business intelligence systems began 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 addit':i.onal information from

existing on-line transactional processing (OLTP) systems.

"As business intelligence -éystems developed, they

15 - integrated decision support éystem (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

-v_wa,rehgpses and datamarts have created a dramatic increase

' in available data 'w.a_tit‘ing to be ;,’éi_':élf?.éd," ekﬁioiféd .and’ L

25 distributed within an organization. Such data .ware.houses

and datamarts, however, were typically optimized for

information delivery rather  than transactional

processing. As a result, data warehouses and datamarts

offered only limited solutions for turning stored data



this sanme tinme, business intelligence systens gained prom nence by
of fering sophisticated.analysis tools for analyzing |arge anpunts of

stored info ' to support 5 effective planning and de pratevy ng
W thin an W’S"é@%&t ion. Wthin business intelligence systcﬂec?s an gdther

anal ytical processing tools, a dataset i2typically provided to perform
T equest ed database queries. The 10 dataset nust be able to performall

necessary dat abase operations, such as, for exanple, fetch, sort, index,
and search apevatisafal Iarnchddtriabagid: headaiiaakt imfslrmbeiabLeDur(inperform

t he operatlo |nase|f|ed rder I bl

conbi nat i ons "8t daTHWas lg}?éra H3h ei% lbig ent | %YQ aénd qgar ogramred
into the dat peehindites bgpusifderiagi mphﬁstheadaﬂ aaaaly51s| treotengemi ng and
costly to inplenent. reover row i on of. additiaon es to
enhance- an e%?‘???’ﬁbn%yg/b 98 r TR ffsu B¢ ot oorrtr'%""ztac’fnon oasq#ﬁ at aset .
20 SUMMARY OCeffbetid/ENH1GNNERE preﬁent demtifsritonamahingl degithimpdulaar net hod
and systemfo erform ng dat abase queries that substantially elininates

or reduces dP 5888%1?\?% and probl ens 25 associated with previous systens
and nethods. In pﬁtmimulmsmm neiﬂmll&rgéns:yestajnsemboysndn iortﬂnetrl i gent

dat aset that d am cajLIIy sel ect.s angoogd g%a dat a rlvera
per f or m dat aB YBb‘é t i FRESSEITGr e FOPSP - r@qu S %%F%uelﬁ esYRIGHL
accor dance wiptrbvmaederﬁwdparenbmf ﬁémlelﬁltedendataba&mt iqoeriascquer {hengi ne
residing on conputer-read djia includes | brar of data.drivers and
an V\Djdg/ 097Si&ngﬁ?1fu %Fosabig ? e PEFGRAT Ggflasrﬁc.e A28 ver in
the library ioperations, such as, for example, fetch, sort, 1ndex, and
search operations. In addition, the dataset must be able
to perform the operations in a specified order. As a
result, all possible combinations of database operations
15 must be identified and programmed into the dataset. This
customization of the dataset is time-consuming and costly
to implement. Moreover, provision of additiomnal
capabilities to  enhance an -existing system requires
further customization of the dataset.
20
SUMMARY OF THE INVENTION

The present invention provides a modular method and
system for performing database queries that substantially
eliminates or reduces disadvantages and problehs

25 associated with previous systems and wmethods. In
particular, the method and system employs an intelligent
dataset that dynamically selects and orders modular data
drivers to perform database operations reguired for
requested gueries.

30 In accordance with one embodiment of the present

- invention, a query engine residing on computer-readable

media includes a library of data drivers and an



operabl e to execute a predefined database operation. The intelligent
dataset is operable in response to a query request to identify fromthe
library necessary data 5 drivers to performthe request.- The intelligent

dat aset iswPL?F’P%Q‘f operabl e to deternmine a necessary ord 020708
necessary data drivers to performthe. rgquest, to generate a driver chain
conprising the necessary data drivers in the necessary order, and to .
execute in order 10 the data drivers in the driver chain. Mre )
speci fi cal | yintén Plgecdanaaswict h ®apar datkl arivepbedi gRat 19brdfe P& esent

I nvention, each data driver may conprise base interface nethod. In this.
enmbodi nent, CPHEARLE L9 rﬂ’@FP&EearrBFggﬁfﬁ-%e Ff@"%?%aéet grerafion- nekke data 15

driver in thengélMferthaddtd i@ £xeepetplOf iﬁ-hQ'esT_ﬁ_Bﬁﬁ'éf red Lagadase
operation for the corresponding data driver, The library of data drivers
may incl ude BREURFt HSr e 1H8RBIEY | VI oSBRabt FPXIF ex SEFEESAFEL cFRtRor t

i ndex, ssear Clyivdk OtdefeiirabasR QRRARELONS TheO iheehnigaht adyeatages of
the present invention |ncluden§rOV| I ng, an i mproved business intelligence
portal that +%fFetdiRy PESERPLRNEC dBRLHERINS FeMiSSESSPRY BRARY cof afhe t he

busi ness intglddfaice RRIthAl RIVELKS &t apdardidedtRECessqi@ithodsd O
perform dat abase queries, .25 As a result, the portal need not be.
cust omi zed f%‘?ne‘f?;ﬁiéuldérw&gt PR oGeFPELSinG the qwdesssryr dB%e and

mai ntai n t hegBUsd ML SH | €| hd SRR UidRr,| Sarfe AU edhee Y NBE  &&EdWI cal
advant age of the_present invention _includes providing a nodular query
engi né% The WRRIAaR2 ¥dvELErinctRf (FiVisd) GBBLMan intelligent dataset and a

library of nodul 3fordatgpdliipi@ai1yor iRerddidrdaacdatabas e gaﬁiiaﬂaﬁhe
intelligent dataset dynami cally selects -and VNIN WD Q1/ 09754 PCT/ US00/ 20708
4 embodiment” of the present invention, each data driver may . :
comprise a base interface method. In this embodiment,
the base interface method. is operable to call a next data

15 driver in the. driver - chain upon execution of the
specified database operation for the corresponding data
driver. The library of data drivers may include one or
more data drivers operable to execute, fetch, sort,
index, search, and other database'operations.

20 Technical advantages of.  the present invention
include providing én improved business intelligence
portal that efficiently performs database queries. In
particular, the business intelligence portal employs
standardized access methods to perform database queries.

25 As a result, the portal need not be customized for
particular database queries and the cost to provide and
maintain the business intelligence porxrtal is reduced.-

- Another technical advantage of the present'invention
includes providing a modular gquery engine. . The modular

30 guery engine includes an intelligent -dataset and a
library of modular data drivers'for_performing database

queries. The intelligent dataset dynamically selects and



orders data drivers needed to performrequested queries. As a result, the
dataset.is application i-ndependent and can be easily nodified to support
new functi ongbioipers<X her - t-echni cal advant ages of::1he presegtusowv®nsi on 5
will be readily apparent to one skilled in the art from the fallowing .
figures, description, and clainms. BRI EF DESCRI PTION OF THE DRAW NGS For a
nore conpl ete understanding of the present 10 invention and its

advant ages, ref renc W nade t t he foll ow n description taken in
conj unction V\fi”f e a"a%c &MWg?eW% Wﬁéeﬁeﬁé‘%ﬁﬁ%'
nunmeral s repm£sentrekuke, pahésdataswal ab: a@p@dBEtionsladabeﬁaeﬂi agham

Il lustrating a bﬁ%elness 15 i.ptel ence portal accprd ce with one
enbodi ment of® SAsSdNt "PHYERES J p&l—’?@ ?e?“'s UPHHRYr gt -am
illustrating a metdwgksd Qfeckmlilchﬂ.alakii’rb.ﬁgaQBQ besithespreskat! iigaoapeigertal of
FIGURE 1 in agcordance th one enbodi nent of the present 20 |nvent|on

FI GURE 8 is a*#hwPdi 5574y | 1RRaTSHY P Lt Hotl kst inyehis a?'FTﬂg BPBdef i ned
query nodel s the tfsd IvEngeEsqut-&é £l ddGanga ipart ahaoé1&LikdRE 1 in accordance
wi th one enbodinent of the present invention; 25 FIGURE 4 is a.flow
diagramillustrating a nmethod for deploying and maintaining client

appl i cati ons BErEFFMOESIRIPTEOR ORNtiEHE iganadegortal of FIGURE 1 in accordance
wi t h one enbodi nent of therpresent I nvention; FlI GURE 5 is a flow di agram

illustrating a metiffd RoMo¥§0 GRFRISHS nYRdRESEAMANY ngfa Wifer PTRBERY . based

on a poedefi@reriviy dMdleits Naa08REAGEEE YeEbrOiee ENBOGIREHadf td he
present invention, WO 01109754 PCP/ US00/20708 5 FIGURE 6 is a bl ock
di agram il | us‘f]?eolt fﬂblgﬁé}%tcpwrlptlon taken in conjunction with the

accompanying drawings, wherein like reference numerals

represent like parts, in which:

FIGURE 1 is a block diagram illustrating a business

15 intelligence portal in accordance with one embodiment of
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

20 invention;

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;

25 FIGURE 4 is a_fiow diagrém illustrating a method for
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 method for

30 generating and executing a query model based on a
predefined gquery model in accordance with one embodiment

of the present invention;



of the nodul ar query engine of FIGURE 1 in accordance w th one enbodi nment

of the present invention;, FIGURE 7 is a flow diagramillustrating operation

of 5 the nodul ar query engine of FIGURE 6 in accordance with one .
enbodi ment W ¥B4pr esent i nvention; FIGURE 8 is a bl ock 4G PY#A708 |
illustrating a nmultidinensional storagesnodel in accordance with one
enbodi nent of the present invention; 10 FIGURE 9 is a bl ock diagram . ;
illustrating exenplary data for the multidinmensional storage nodel of

FI GURE 8; Fl GUREIGORES sa ifd cav Hiogk adiadtatst £ Binangraee it} hesbayiogener ati ng

the nul tidi nensional storage nodel of Fl i ccordance with one

enbodi nent e pPeCRiRT ~ THSFRy ERELBR: O%JE\E}%F#I fs B ATEHPAFCEgr am

i 1l ustratingighdbfel éypodimertl dfedhei presért tirdreprribhel i 0 of FIGURE 1 in
accordance with gne epbodi nent_of the prese invention; and 20 EI GURE 12

is a screen di agfa | st? a?iﬁgo“%vicﬁ'@#amt égguf’ﬁfaﬁ‘a‘?ﬁ FRIARF 6B REen

rel atesl vi ewhel modatardanesy wnglinenefericurBest iof ddwwrAadeentrithvention.
DETAI LED DESCRI PT. qi\l OF THEf_al ENTION 25 FIGURE 1 illustrates.a business
i nt el | i genc@PFofTEPALHRPY PLHOG BEREE W 1B Bibodi ment of the present

i nvention. Genergaityreleseri led, 4 hebbosk nedsagpam! | iigenserapondal 210
provides integrated data access and information sharing acrqQss an

ent er pri se, "4 thginensgl i SFPEa%Rd "aderthul %?dia\?§r?§%éﬁﬁ MY sPBet ool s.
The anal ysi embeaisent eof M ipreashonbheshtaivh; ntuitive to allow a w de

range, of users to utilize stored information jn making strategic nui~f WO
01/ 0954 PCT/ USCF 9¢R%Hg? &sacei IS, S FPRan slwt%ﬁ’fé uSHFIRpd ary

intelligencaaparfét the multidimensional storage model of FIGURE 8;

FIGURE 10 is a flow diagram iilustrating a method
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 views in the portfolio of FIGURE 1 in
accordance with one embodiment of the present invention;
and

20 FIGURE 12 is 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 - i

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 tools are
highly automated and intuitive to allow a wide range of

users to utilize stored information in making strategic

T .



10 maxi m zes deci sion support benefits users receive from their data,
while mnimzing the cost of inplenenting and admnistrating the system 5
in the enbodj k] Tustrated by FIGURE 1, the business i ' e
portal 10 idrr%pg)?rlégr.{%‘ls a three-tier distributed archi tecturgyg}ggrr%)?zﬁzhl%ng a
dat abase tier 12, a server tier 14, and & client tier 16 connected by one
or nore networks 18. The server and client tiers 14 and 16 10 are

Java- based to support the Internet conmmunication protocol (TCP/IP),

mul tiple clied¢chsibreer van fihasf eaps, theobhethesniigtt€ldigenceapartal vari et y
of data sources,_and . conmplete.scalability of the portal 10 across an
onterpri o 10 AR e 13156 " pltbor L nShet B REEYE e oREoR) and
16 provi de antlhgian ds¥a,amtiilecatintieizihatthes doghlof deamleakheingdand
functional for rocei_.sﬁs;?i n _hr uctured data in databases as well as

unst r uct ur ed a‘a‘ﬁ%‘&s é:l%pig ?/%%%j‘f/ee’?’ network 18 conprises a conpany

I ntranes whil e t hemenher / dabadhsentmetiddnlsti8tedc! byle FIBVUREOr i, onshef
public and private networks.. It wll be erstood that_the busjness

Pvel |1 gence BiFtees otierrigshell imortan il i Patened a Hhppettiss

ar chi t ect ur esdistridgitadratghl aagtate scompcl dingk e daehbasengiés 2 GURE 1,

t he database tier 12 includes_ 25 one or nore t abases,_20., As_described in
more detail BEoW THE darafised fglsﬁ% &AER &RpSSBESEESAPHI P8 PHhat
contai ns all thdwmee i métoworkdsi A8 .nedhes aeyveer aadneliiehd thersdad abwsde1f0,

I ncl uding the_dat ahase Iogi n._The_ use %f gat a{)a‘ge al.i ases prevents direct
user adless t& T hd3G RafFle tt APERET N §PHer ‘P tht ST PRECFRFRYrity in
the databasepZftodadr (ToP/IP)yusmuatipteckhadhtieahd kkevedabahegesma0 may
each be any Java dat abase_connecti on WO 01/ 09754 PCT/ US00/ 20708 7 (JDBC)
or b et atBHRME CHTECELON=  EOEL "Lt 5Rey of daca sotsies, dnd

complete sgcalability 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 using '~ 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 1login. 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



dat abase, as well as a suitable data warehouse or datamart. The server
tier 14 includes one or nore servers 30. 5 The servers 30 each conprise a
set of Java-based applications that can operate on diff u@% forns. AS
descri bed WPHBPB4detai| below, the servers 30 provide Hhierarchica
security,. centralized administration, fast nultithreaded pool ed data
access, and nultidi nensional 10 data analysis for the business
intelligence portal 10. The server 30 includes a catalog 32, a catal og
manager 34, (apsegurdd Y obgeagerdafzbasequeoyngmnianmt ¢ODBG) compdtiab8ise access

system 40, a cache manager .42, a multid siopal_m ger._44, and a
ciient 15 adfAP8Ffat of 46".’e]$he Fat § o&"%&%?%re@%ﬁl "gag%en | g%r ations, .

docunents, @magawAgt.products created by adm nistrators and users of the

busi ness intelligence ortal 10, This centralizes nanage of, ,docunent s,
eliminates redundBft SERECHULHRE et cb‘b‘?'.le‘% Fe S ﬁ&.&\orfogsﬁwékﬁ fs?;(/)s't ens,

al | owsg docurpet s geevbesshaoedeach oSSompiri=ant et préexe, ahd Jerva+badesdcont i nual
security for the docunents. The catal og nmanager_ 3 n |1 ar ed

i nf or mat i on ARPLAFACLPRS s@?%rcaﬁfb.c’aeffa\ﬁnel Pnbglgﬁ%’é?étt CR)C?%%[E‘%EI ’su%‘

confi gur at | @agcriBedNEnt mordNHewyik Mselbwt StRE mayvées oBheprovadsui t abl y

stored and nmanaged within the, business itntelligence portal 10. e catal og
32 i ncl udes P3£EABFRACRE FECUPALY alcleé’g'ggilgﬁ, l?%eg’ilnﬁﬁoﬁaf’:é%n's&fa;s-gcuri ty

groups 54, andtpeRdeideedpogduedy dadel acbésspniangur el tid anenss ol
adm ni strator. 30 The catal og 32 al so_ inc)udes.one aor nore, ppytfolios 58
that ¥Rore C@ta: 8RalyeiR 2 PEEIBFER eﬁé‘rhg&?é’? PRE“®previ ousl y
described, the dehabaseald ases hfrhnhisai a atdtdldd | 39D (d/ @@Eadog
PCT/QSOCRCW%gnager 34, a security manager 36, a query generator 38,
a database access system 40, a cache manager 42, a
maltidimensional 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,
eliminétes 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 understood
that such. configurations, documents, and work products
25 may be otherwise suitably stored and managed within the
business intelligence portal 10.
The catalog 32 includes one or more database aliases
. 50, user profiles 52, secﬁrity 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

previously described, the database aliases 50 contain all




I nformati on necessary to connect to the databases 20. The use of the

dat abase aliases 50 prevents direct user database access to nmaintain data
integrity i Ryghpeossat i ve databases 20 and nekes it possi bl pcfose020708
non-technical 5 users to safely access corporate data w thout fear of
corruption. In addition, the database ali dses 50 also serve to pool
connections to the physical databases 20 and thereby reduce the nunber of

dat abase connections  required to support a |large nunber of clients. 10 The
user profil esiBEoERTiRef PREISAPecFPi CHREGE of° FPevidaffhased 2%user and

one Or nDre SeRArhsy GEOURS AdtabfQs¥hhthadediS66 PREvARESSQird®E€ USEF
profiles 52 are generated and namintained by a systemadm njstrator. The

security grouPRtIPRISAASH T2 MdPEALR farasdnhePritisinphke RRERVRecurity

rights and prjyidgges agsi ongf lke8aCik 0YdBin2d Do $6RLeBthnical
adm ni strator. An adm nistrator security group_is provided to allow
admi ni s€r at or8sexg | tacEafelyo 29ReSH SERROTHE udrRy YBEPRLSsiIGRF tof add,

modi fy, and debple SRl i tYndbidReiaf, 2@naNGtspash A1i8es5%5d Naids
system The final "securit rights and privileges that a user inherits are
the uni on .of S¢¥%e oFO h@POL nFOPNEFEECORE glfes e delrysienl ndatabagss 2Qrofil es

52 and the righds fbreBeh ARl (ind) GURLES O WhLgBadle RbnAbEcbshonos. I

this way, exposure of system 25 features to users is controlled through the
ext ensi ve usere@iiyes wossuprertor Janas Inegbsr ai ehiemkes assi gned or
wi thhel,@ from secupid Y, Rr0URSrfef" 55 NEhH BRI dS @ skl LeBande JRUS.

while adm nistrators nmay have the ability to connect to databaSes 20 and
add or del et ePBIVikRGSS Leawdr ussdy andi e Ot MPACe SEFRSiPEr araepdno4

Lo 2o oo L3882 e 8 SiSodh S 5 300° o A« e
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 p;ovided 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 user
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



9 information consuners may only be able to run and adapt reports or
charts that were previously defined by an adm nistrator or power user. The
pr edef i ned ‘gue% nodel s 56 are self-contained 5 |ogical nodels of .
particul ar YQOUWI¥s that are established to make query BFEEEMEA™By | ess
technical wusers easily and intuitive. TBe predefined query nodels 56
further abstract data from a database 20, exposing only those portions of.
t he database 20 that is relevant 10 to the group or groups of users who

wi || use thejnfriidtddnalcciisagreDdaaly 2hlyThe pHadeficatifiueiy aasst s 56

i ncl ude rel evant tables from a database, fields wi.ithin _the_database

tabl es, and FSRREDHePResNATE dHE2ha¥ETet RHST MY 1 IEIIRT G¥ iR a

query. The pimsiefistedtd? grepowedpler .56 formthe basis for all queries
created by wusers. In this way, the predefined que%é/, rmg%l 56 controls the
el enents in any dFheapeEefefinas \av afgdehs obc AEF SE4ToFORERIRE 11 have
accesss | n agklildaan, mbh&rPHredef i neshEitaiNarOdaicabdsast akhagh raehani sms
that 20 may restrict the type_ of queries that can be_nmade by any group of

users. In pftiaRiighed; nee ndaeni SHETYeGHSELERR  MaxiLFH cbRphrtsal

resources, Qs &Ny, andatinkaRthee. Usetet predeEihed t HEefp ehddsls and
al l owabl e joi ns between _tables to prevent run-avva}éigor mal i ci ous, queri es

that 25 coulRf i ApaEReY haPPRTRGY i GFter FHAP bAsi9REabasht A% gBFREi%brial 10.

The portfol ig8o&Hysyigh-tadns & W radtiibaye0rd0NE hdtSef's CFEBEhtOr
obtained views 60. In addition, to internal I%?Agener_ate views 60, the
portfoPi os 9 ndyRe309FREPUCRE (B UBRanBF e, US8%hs "B oF1hbdr dUPT oddSsi ng
docunents, spre3¢ulIReciqudeUrREes, s3Nd ViEk: PeBsdef it %g_rxtyf QhdS S8 are

each a compound fi.l e capable of WQ 01/09754 PCT/ USOOROY( L
56 include relevant tables from a database, fields within

the database tables, and 1links between the database

tables that together define a duery. ‘The predefined
15 query models 56 form the basis for all queries created by
users. "In this way, the predefined guery model 656

controls the elements in any database 20 to which any
particular set of users will have access. In addition,
the predefined query models 56 establish mechanisms that

20 may restrict the type of queries that can be made by any
group of users. In particular, the mechanisms define the
maximum computer resources, or governors, that can be
used to execute the queries, and allowable joins between
tables to prevent run-away or malicious dqueries that

25 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 views 60, the portfolios 58 may

30 include, for example, views 60 of word processing
documents, spread sheet documents, and web pages. The

portfolios 58 are each a compound file capable of




10 restoring a collection of views 60 or other related sets of data. The
views 60 may be stored directly within the portfolio 58 or linked to each
other in thewepylbmli 0 58. Access to the portfolios 58 is GeirRisdasess bY 5
est abl i shed security paraneters for users and additionally by the creators
of the views 60 in the portfolio 58. In ofe enbodinent, users never see
portfolios 58 to which they do not have access privileges. In addition,
the portfolios 58 may be 10 custom zed to provide automatic notification to
associ at ed us&PECRRERT vReFRIETFHHAMIAF tHEWO A% A% PHBr ralatsdesetpdat ed

or otherw se gedight8d. Irhet Hisw¥a¥o mSPCHE E¥orea BAL ALY 2 Niho thie.
operation of the system which facilitates collaboration”and infornation
sharing 15 wPPRFROAHC 7R prliigkedThe Srehoderyisyithe Bartfebio di&pl ayi ng

a wide variety ofab@&4@t Syo SUghe a?ofﬁol@&%@'% t52h| RoredhdRBE pLEPOrLS,
pi vots, and web pages. The views 60 may be either live views repreSenting
current data §Ft3RhbERA 20S¢FeTktf dRRkABRtershartfewl aruperst i mndine. In

addition, as daactibgship BYr ekt @irkab8LOWod | ¥ReViEiRs 680 ™ PER
schedul ed to be ugdat ed automatically at regular intervals, updat ed when
first opened, PRRBIPHEC |$&%e. Sddpsieve veshedtventy bisers mnevewrer weet e

prior 25 snappBetgoPiod O §€ats a_vﬁﬁgﬂen%e? E%E?F?%?E Oflgggl | QBLggV! WS

60 for  historical analysis. The views 60 an | 0S can be saved
privately by Bri¥élegrsnuy Ba ddditidut edher phatédliemnd@Oneagr here

Securi o O 0UBSse oM 4 f aGd | { FhBvgabl abRLabhols ANd HifiGIe3Ial s WAk NGy 3O The
security manager 36 nmanages security in the usi ness 1 ntelligence portal
10. I n particBFaPciatre usexs | rhennvager 30 |widthidesthe edeftfelicebarity

tasks WO 011084v4 BedhUaR@i2@d08r 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 views 60 may be set to overwrite prior
25 snapshots or to create a sequence of snapshot or rollover
views 60 for historical analysis. The wviews 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 36 manages security in the
business intelligence portal 10. In particular, the

security manager 36 includes predefined security tasks



11 for generating and maintaining user profiles 52 and security groups 54.
The security manager 36 also provides a security hiegrarchy that allows
user profiles 62 and security groups 54 to inherit privileges from5 ‘
parent cl as¥OMM§4this way, a system administrator can QSgﬂFVm@EFablish
and maintain security for the business ijtelligence portal 10. The query
generator 38 provides graphical views of database elenents to assi st
system admi ni strators and 10 power users in defining the query nodels 56.

The predefi nedy qugdyermrdels Eﬁdeaﬁ$ﬁﬂkgﬂdﬂﬁgthﬁsgﬁtﬁéfﬁfiléEDH@QCtSH@1 the
fam |y of tables and columms exposed from the database, the allowable join
types and cofBFREIFIONITOURSt ad4ta, e¥BRut FRFIGder MAR@geand34l i 8382 for the

query. 15 Thgrpieded i fedegupiyy MREeLSrafy CaRabeal 8665 adapt pdoiteg used by
a large range of users to performsafe, secure queries. The database

access syst efi? 4@0hcPeeEiNUNGEPBREI ity tandrdherifarRrivklegsfessrem and
queryi g9t heodalabaspsecdl. 20rANhfildyel W MR AU GRRIFESELR St Octdie server

30 for manipulation, analysis, and reporting by users. For . ustrated
embodi nent, eaedliat epbael ket card sPainkay seqiifdesfer qtbe ybyeheers er 72,

an SQL gener a4 081 /erke pORBEEL1ON MANAger 76, and a Java database 25
connection(JDBC) 78. The query scheduler 72 initiates schedul ed queries.
As previously di SthessEETYANGeReERFB0,38 reTeicidrs tFrearhiqrl ankPwanl @l ati ons

contai ned i ngdfigddLWePlmestd RS SBEsiS HEEEAN {diMidNs-1akabagey 20
according to several 30 options, including“specific time schedules. This
al | owd0 vi evBOWEKX t sEsSeadn| ydekinigghefheo awerectmaded scubfent Theate of

the data and,Hselsi 6y akpayy WddelM t Bet NEadRStadBiHY 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 query models 56 can be later adapted and
used by a large range of users to perform safe, secure
quéries.

The database access system 40 includes functionality
and software for accessing and querying the databases 20
20 and for returning query results 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 query scheduler 72 initiates scheduled queries.
As previously discussed, any view éo, 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

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



WO 01/ 09754 PCT/ USOORO7CB 12 up-to-date information. In addition, snapshot
views 60 can be automatically scheduled to create an historical

repository oo‘vo%iyagqghot views 60 based on the sanme query. pgu@sookios
exanple, a view 60 may be schedul ed for updat es 57at 10:00 p.m. every
Monday, Wednesday, and Friday and aut onatiZcal | y distributed to a group of
users via a shared portfolio 58. The SQ. generator 74 receives
user-adapted or unadapted query nodels froma user and generates a 10
textual SQ quBryofdrtexteiryentisn.t helkopdAdition. rranag%laotmvmwmms way,
query nmodel s whhChear g\ i@iiicadhly sclicdphaned Andredid ednbyiuse Tci®
automatically converted to executable database 1nstructions an ereafter
execut ed. Thi SeRPFERNRA cenapshios FH@Vet [96r bRAREr PRt tHe ESMEOAYEHEFS Wi th
little or no phegr apdd r&&ﬁm@ ed0&ikd 6bUhk yées&rgh\h%aeffotr fugagkéée

busi ness |nteII|gence portal "10. i n one enbodi nent, ner at or

i ncl ude® di apbg 1P3OEi de“-geﬁ'é?’éX’ oMengdad., arWeQQESQQYse étndeeFJ:-Uia}QOagdner at e
the textual SQhe J#Fa | g9 pﬂgﬁgé& genesators, £oLEe t he,

di fferent types %t?a at gges accesseg #}_r ggdg?ns‘g%%%ec& (E)ln Wi th the
busi ness int éhﬂg&rﬂﬂ;‘ﬁf&ltlal 5§O The di al og specific generators may
include, for exanphg - S 2 ators. The
connecti on rmanager 76 réeacel ves t ext uaI 78%. (f?é%r;/’lgére%eegt gdgﬁgﬁﬂithgésq_
gener at or 74 uRACRHAAINIGUEEYs Wpdéls t Hiratat abavesr 20and wEmegrirethea
[oauesugd QUSELAST a0 iy £12V BxdahaPd? Gy CHN U 1 4RBkndfey | 1 1 DE
30 illustrated enbodi nent e connectl on nanager inc es a no ? query
engi ne 80 i ncP@di ngIman tﬂ'lnﬁelwa}genquﬁmaseﬁel& viridcha &rér grppbicdhlv

drivers 84. Aﬁiéﬁfﬁ?éé“ﬁ%d Rdited by users are automatically converted

to executable database instructions and thereafter

executed. This allows novice users and other information

15 consumers with 1little 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 query engine 80 including an intelligent dataset

82 and a library of data drivers 84. As described in



WO 01/ 09754 PCT/US00120708 13 nore detail below, the data drivers 84 each
execute a predefined database operation. The intelligent dataset 82
selects and orders data drivers 84 fromthe library as ™ nece ho
performa JM@PYIN¥yuest. As a result, 5 database access nﬁﬁ(ﬁ@h&”
standardi zed and the dataset need not ba3custom zed for each application.
The cache manager 42 includes a cache 90 having a plurality of pages 92
and a process thread 94. The cache nmnager 42 receives data extracted from

the dat abasego20 &Qrhi1r @enense tHe GUEHy Begwess Ssankdeedsxédia i ato the
pages 92. The cache nanager. 42 runs asynchronously w;gge$€eﬂgrocess t hread

94 driving theedefineddatrbansy eRRLRtIGR-o  RBepdgEs! Fpegk

under st ood t hat ;0L A dTBihd RE-get-Berutseasiné bl sa ki ta@d 13beaed, agnd
initially 15 processed by the server 30. The nul tidi nensi onal npdel

manager 44 gRecestATY ate PRIFAPT afeTURTM | IPTRPRY onal A8t & ag&SHbHel s 100.

As describeg i pnduy e;daidl Imdigloay are Jbanaiadiineesi apal thet aneggegodel 100
utilizes a non-sparse architecture to 20 _mnim.ze the size of the nodel

100. The redneed mot dopfcustruigpdeforn ®RGhHPRIéSapioRessi ng ti mes and

al lows efficientqppl VoL R Onghiddr 0PET 3hi0hdedUni RGHAt Do RN M Sa | N
addition, the rmdej 100 uses an open architecture to allow calculations to
be dynani cal pPlupslifer iofi magesf Par ahfea nprRFetmitFead 4nst THEL E8CRAS a

result, userg, gan. Creat fo AEW LA detlAld:@0ckeaaRabYZ endakiatababés seet i ons
that were not anticipated during the original definition of the nodels
100. T s redncassppnee A9d FUEROUr ERAUSHIEe¥PE 0 fe8FR oMY VIRREAnBRRri 11 30

oper ati ons. g& §l 6Nt 2Dl Bi Sid Ahadth MIOVHERS dyeRRbAbuBDY Nithr om
whi ch the po tg? 10 manages client _adm ni stration.

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 in 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 'processiqg times and allows
- efficient pivot ‘and drill operations during data
analysis. In addition, the model 100 uses an open
architecture to allow calculations to be dynamically
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-tiﬁe
and resources needed to support pivot and drill

30 operations.

The client administrator 46 provides a central point

from which the portal 10 manages client administration.

I [ 118
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provi des a zero- adm nistration architecture that autonmatically manages

depl oyment £t “applications to maximze user per f or pEHGS08Hs
mnimze networ traffic, whil e assuring 5 the |atest applications are

al ways used by the clients. The client ti®r 16 includes a plurality of
clients 110. The clients 110 may be local to or renote fromeach other
and the server 30. In one enbodinent, the clients 110 provide all access,

i ncl udi ng sysThan admiiendt r atddninisbraborhe 46r vePTOVides pravi oE%!—'?’

descri bed, allgfd @hlactl fgp&ﬂieaalﬂ-ree eaaﬁroédmc%ﬂgbu&ané

per m ssi ons stored on the server . Permssions are granfed to oth

i ndi vi dual ustepleymentec i twlg-le@Gps agpligaeians | ntehi SawaYPize heusdbust
functionality dé)._I %—é RS R uel%ehlewegﬁeteeme 19h&§eaQQéQP{ﬁ§‘te| y
control | ed afd neter out to a users across the enterprlse wi t hout
seemni ng5over cahpllatess Iappélce%mnstére @dwpys gaedchy crhe Kldengé-udes a
client APl 112 an aphi cal, us fac léfy_[ ;
illustrated enbogzh%enctzlqetq{?epgc]ﬁe%gn:ltél CME s]ég - w%#lﬁ# 'Eg(l)%r%e(;snents
bei ng Java pikubs, e fdignbeahil may tie sloqaibm wanremgsedéseni achin nore
detail bel ow, ent fi shing a
25 connecti onogﬁbt%c%#?g%hgr \J;-ée(r}:\)?g- @F a Ioglvvs %@aggﬁgﬁé WQ %1 %?%?Réél on of
the client 1110 Greovidsgraatl oanaﬁSS.actmqlmdnaB fsurmtemowaimmysv:nebmnhe client

110. T cli i se how
the cl ?gnt 1%8 cgﬁn’%m%%%‘é gggém'th%%eﬁf%%fé%srh% %% Eecause t he C+I|g§nt API
112 al | ows arlQ aviuneitigprem taxreomantincdiiedw by t e seobust 30setan of
enterprise

permissions stored on the server 30. Permissions are
granted to both individual users and security groups of
users. In this way, the robust functionality of the
© 15 business intelligence portal 10 is appropriately
-controlled and metered 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. 1In 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 client API 112 allows any Java

program to communicate with the server 30, an enterprise



WO 01/ 09754 PCT/ US00/ 20708 15 may efficiently add additional, custom
capabilities for its clients 110. j. . The graphical user interface 114
i ncludes a adm ni stration panels 116, a set of Usei-Hadd 18, a 5
set of vviza‘?‘gém% , a query. conposer 122, a set of i e\?)ers ngziﬁosénd a
property inspector 126. The adm nistrati¥e and user panels 116 and 118
provi de graphical displays for guiding adm nistrators and users through -
their respective operations.. 10 The wi zards 120 di vide creation processes .
into one ormapreffbhgicamlystapd addigiomkd adeistiont reapakid idigsudars ;
t hrough the .creahi.on %r_gﬁss.. Thi s assists novice users and other
i nf or mati on % PP thout detailed progranm ng know edge in

performing, querim® aphphishjzusgrlintesfbce. 114 thicdudey, aalsetusdrs within

an enterprise ,are .able to _effici ly _us he: bysLpe LaLelhiggence

portal . 10 at%“‘é%i‘tsrq@f:lﬁﬁaﬁﬁﬁﬁ#‘ﬁl qggfaaansge‘{ h%fr eggé?n%rggéggt %é:sg I?J‘ar ea of
oper at 5on Widdd No@n widLrdy | 320, The query camposer 1222 speci #ets afhere data
cones 20 from what substantjve data taq.displ h it is be
stored. The comfdser aféiz paroﬁraoé?seré-'ygrg'& (%fleggvi g‘%séf pr eig.%fi ned
query nodel sadfidietalaktoweusand tusexr nipaneilsel P1andendt abltid arpredider t he
nodel s 56 to suit, hejr particular_ne , lﬁ@?. ' . uery 25
conposer 1223%3}8\75?&%3&5?&? Som%f s%%lﬁ%éseéé}%%%e e‘m%%%rsr%%fdn %g%osgel 56 to
whi ch they hseuh ¢heggesesgder igcoperatiposer 122 saves user edits of a
predefined query nodel, 56 a user.-adapt ed .quer. L 12 h can be
upl 0adBd to and T&edHZEF ysjtzg)e %evrl\f%r '%ﬁaq%%%%o\%%\%g? %g%%c?&élgt es a
conmbi nati on ¥ reted 16c@wal Eoeps adhd sguigten@uminiepoat sonpiand sysawsh pages,
and the

through the creation process. This assists novice users
-and  other information = consumers without detailed
programming knowledge in. performing queries and analyzing
15 results. 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 query composer 122 specifies where data comes

20 . from, - what substantive data to display, and how it is to

be stored. The query composer 122 provides a graphical
view of predefined query models 56 to allow users to
intuitively understand and alter the models 56 to suit
their particular needs. In one embodiment, the query
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 query model

56 as a user-adapted query 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 é

like. The viewer 124 allows users to easily switch from




i.: like. The viewer 124 allows users to easily switch fromiii W 01/09754
PCT/ US00120708 16 any view 60 of data to any other and to sort and filter

data. The v can al so be exported to HTM. for publi a web
server or fg@/@ﬁarl ng in the .catalog 32. As previously dégcgﬂsg&zaog&data
views 60 may be live 5 or snapshots. Views 60 or portfolios 58 of views 60
can be saved privately within an individual user's ow catalog area or
may be distributed and shared anbng one or nore security groups 54 to
facilitate cehyavéeat 60nofadatdeciosiany wkiengani0 tW tslmim tamel \fiawer 124, a

tabl e vi ewer di ay I nfQrmat i on_as a,series colu ngd rows. A
table view fiyglgcal F@hsey\?ggsagoa csatr%lr?’“fz31 B5i P HGY egev%? ngf‘%‘g Pdeas
because it ppuhln;leatmn overalwel ceavef bnMornéhanﬁtgotnnﬂa.mr@m&ﬂmd In
the table vi u n dd _filt calcula df eds .and add
summary and g\gubto al rce% orma? % scffj uémsg%g% Bée\"%a aﬁ‘ﬁgd, hitd¥&n, and
ot herwise noeif sadpsﬁ‘om ENtViews b0 sor t;&fktfﬂﬂﬂasemd ofatviewkf GDel&hn| evel s.
A report vie A report view

r 132 dis ata_i.n, a ort 0 f
provi des a r%usff’wﬁ oé ¥%§ V’[‘&Pﬁ’ﬁt Hd ?‘ﬁé‘ﬂ"?‘éﬁrﬁgs Udfitofat P¥%r epor t
generation ardtaliogt areat bnnmagdsebres diamribaces ahaalsgerédeladuangndnecm ums

cal cul ;{‘fiﬁi"“v G orges 5 Readadlifaseorotiabrattonng

gr aphi cs. gndpdiea/imm nk¥dndi.spl ays graph views of data in a w de

bar. e 1ine, SutE CBRCVISHEF 2% nphe LRI SLRFRI g OwHAPRKF aph.

users can chanfermitcion as a series of columns and rows. 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



30 graph type or contents by filtering data, using a subset of the

ori gi nal

changed on the fl

Vi ewer

dat

a, and draw nul tidi nensional data. The,graph view can al so be

by sorting WO 01/09754 PCT/US00120708_ 17 the records -
in a differA019P%er " as wel |l as changi ng the graph prop&FEUELRR8,; \ ot
136 provides plvot views displaying multidinmensional, ‘or cubed,
data along nultiple 5 dinensions. This allows users to slice and dice

i nformation al ong disparate dimensions to gain different perspectives on

the activiti %ﬁea%ceeaéomve{w&lﬁez%&t RRHEEP 48 twe I Eadi AHAinddn@WEREPPOr t S
hierarchies in the nultiple dinensions which allows users to performdrill

10 down, dri lgragp BRREPEFF3I82+t hr ough anal ysis. As descri bed in more detai
the ”U”'dhff?l%en%e%@waa%r rce;qa%aépas}of:rememe ddgliagiipgnsi onal

bel ow,

storage nodel 100
pl at f or m webMydsddémenginnalyl | o usEMPefe acdrbd woHionals TG

browser vi ewer 38 provides a built-in, ¢rqgss-

dBt€ and

web- bas§d I ntcﬁ?n@Ethﬁs' nt rafﬁisené/ijcguyremsgrsl?ewt%]geeobjag_at sggreated in

ot her views can
t hrough the ibfowmatiemtalergedispRraie

change
property ins

20 d

experi ment

the property Inspector

ect

e exported to HTM. for posting to websites or display
pEiensingge too9aiPs Hiitsrenhsers to

F%E}lsg)écl?w@;”dnestﬁé aa&%tllt&egaraﬁae erEBr@ltce €MFOdRAENT ,

126 1s nodeless. In this enbodinent, the property
i nspect or 12@&n&gprréset he ThehPiyes MieMe SYPPPKES s BAEEATERIAF | & GBBrs to

t he

Wb B £f ﬁiﬁ%sf&m |\ | PNSHWAN GRS itBU RS- faehoke 1125 cl 0sing

ether, the client 110 and server 30 _of the
busi nes® i nt dlowngeri@elbo\ﬂmaﬁn@LOdEth'aFl'sttcrU@?’e@nélV&}Er t &8 gesSriledri se

i nformation E?L&{ Uﬁéyéed%t&glﬂroaéﬂ% apskNOhel t ihRhs@bnaNt Yidwy kekegrat ed
repor i ng, and

query,

15

20

25

generated from- the multidimensional storage model 100.
A browser viewer 138 provides a built-in, cross-
platform web browser. This allows users to access work

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

~display properties of a particular view. In one

30

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

‘Together, the client 110 and .server 30 of the
business intelligence portai 10 add a strategic 1ayer to
an enterprise informatibn structure and provides a'single
point of entry for integrated query, reporting, and
analysis which are inherently extensible for a wide range
of users. Because the business intelligence portal 10

may be fully integrated across an enterprise, the portal

il



30 anal ysis which are inherently extensible for a wide range of users.
Because the business intelligence portal 10 may be fully integrated across
an enterpriswooibmsportal 110 B WO 01/ 09754 PCT/ US00/ 20708 pctiisido7os
facilitates routine enterprise-w de anal yshivI delivery and sharing of
information. As a result, far nore people ithin an enterprise wll be
able to make regular and productive use of data that already exists for

the 5 enterprise. FIGURE 2 is a.flow diagramillustrating a pethod for
hitial | 21 ng e TAGHAEAEES nFBRELEB A EBCRORTIC 9 ST IS W one
enbodi ment of ahleshaesgtof NefdrntionRef AEr angesal ) GIRE Word Redpatehod
begi ns at stea_zgo in 10 which a syst 91m adm’eg strator defines_the user
profiles AERER o 300 RASETRIESS PR (Re P FOfPRER 529ubapyiagd
perm ssions fpkodGEtSvd O ulld | bFe HeghUrgtan thireadi/heegyst€m ed¥extcheat step
202, the system adnmi nistrator defines security groups 54. As previously
descri bed,  15SPFREPTE2Rurity rights and privileges that a user inherits
are the union of hisgoxe herid dipicudiagrght $128seedt 19f a inkdHR Yo
profiles 52 and. the rights of each securit roup 54 to which he or she
bel ongs. ProcdBdFhdtising e&%’fm,b"isl’ré‘eﬁsté%?% S atRITEA0 JénedBtes a

dat abase al i aackbrfi@fic€asitofondcefitdiReS o2 khel herdkdabass aldiasnes 50.
prevent direct egser,aecess to the dat abases in order to maintain data

integrity andReEGTFERE FP PLERB) € bRenBRthed nhrgirs u3kr §teB 28Pehp

access 1301 por ghecHaka yddent adiini Hraaex WitRks Thge 20sdat ghasa1aki ases
al so serve to_pool connections to the physical databases 20 and thereby

reduce the nuRBer of28 dRENASESLENRIFORE T eqlihPed et sUpRiiles . Par ge
nunber  of C|pQBbidélﬁermissions-for users to utilize features within

the system. Next, at step 202, the system administrator
defines security groups 654. 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
thsical databases 20 and thereby reduce the number of
database connections required to support a large number
of clients 110. _
Next, at step 206, the system administrator
30 generates the predefined query models 56 using the query
generator 38. The predefined query models 56 control the

elements in a database 20 to which any particular set of



Next, at step 206, the system adm nistrator 30 generates the predefined
query nodels 56 using the query generator 38. The predefined query nodels
56 contr ol enents in a database 20 to which any p et of WO
01/ 09754 Pa%?ﬁ§E@?20708 19 users will have access. In a éﬁilon %i
predefined query nodels 56 restrict thel?ypes of queries that can be

executed and define the maxi num conputer resources that can be used to
execute the queries and the allowable 5 joins between tables to prevent

run-away or uymsinsci witl duyei ezccsisop 2081 | eddstiont hadhendpoédefingst ocess by

which the \fﬁ’\%} S Rdh 8 SET ALOL & St TpeP tﬁ%sb#%' psfie s ngeld 1agnge portal

10 for use I"n an enterprlse up process,
per m ssi ons exetugedr jagsl fdﬁfmﬁsetrlse hwelnbmemmtlm resanudes tthatont r ol

access and .Sty byrian da e aF! e | ow
diagran1iIldg%fa%%ngﬁ%g%é%% or generaﬁﬁé eg%re gHne:glquery nodel s
56 i n 8ccor dariges h@twweﬁlDableﬂb@mlmﬂﬂvq#tthnnﬁwmaenpnlnmaqumusIr1thls
enbodinent,.lﬁgggéjied data within the nodel is automatically linked to

t he extent f!p033|ble. In addition, database elenents are graphically
displ ayed to thétsps2o6 aildmdtsi st dther end f afi IthEalpe‘ogeaerw othigh the 20
query nodel R Li,Ng HARE: th t hog._be aty 20 in
whi ch t he qu§§§ g% g%a or é autong ?Eall%el ent??le%hagnd 5%5 to a
system adm mrs:terlab.gent:hepbam.’eslthnﬁbr Ows el rwist hoifn aardaarmmwlse fOIASWhI ch a
guery.is to e a e Istrator
selec%g a sdb Q%Et D Fﬁé %ggP%QEéE co1uh§9m¥g§i°ﬁ£ aﬁ% bﬁ %Lgr§ node
56. Proceediusgriso lvow dewral defigpd22in ohdexqueey control access and

distribution of data within the system.

FIGURE 3 is a flow diagram illustrating a method for

geherating'the predefined query 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 gquery denerator 38 automatically identifies
and displays to a system administratoxr the tables and
columns of a database 20 for which a query is to be

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

Proceeding to decisional step 224, the query

generator 38 determines whether the database 20 has full
30 foreign key (FK)/primary key (PK) information. . Full
foreign key/primary key information allows ‘data in

disparate tables to be automatically 1linked.

3101



generator 38 determnines whether the database 20 has full 30 foreign key
(FK)/primary key (PK) information. Full foreign key/primary key information

al | ows data Lsparate tables to be automatically |inke 9754
PCT/ US001207 m@%ég\ccor dingly, if the database 20-incl udegQﬁ?F%é@ei gn

key/primary key information, the Yes brand® of decisional step 224 |eads’
t'o step 226 in which child tables are automatically |inked to parent
tables in the predefined 5 query nodel 56 using the foreign key/prinmary key
i nformati on. BrepradPiglwadséft chehedanabase t Bé pirorlesims £all hifoxpdagnt, the

predefi ned qu o] I s «£ap he .made by the
syst em adm ni ggyéﬁﬁéﬁi%eﬁﬁﬁﬁ%% trglg\dlggllléi %}rl]éaij{%%g%r%f olffc ‘%ﬁglsnﬁp 8?2 gn 10
key/ pri mary kepepnf2@dneleasds | sonettepyva@dabin, whiehNochidrdantébbés daekesi onal

step 224 | ead Ci.Sj . Sfe 2 decisional ep .22 t.he .query
gener ator 38 38%%8%%1%%51%&%%&&&#%%' g%?é\ér%rgg?%ﬁi %ﬂo?‘&?&t ipgﬁ%legmﬁgal | abl e
fromthé dat aaeey 20mofedvi S6onusfinful Itheé5 Foredgp k&ey/pramaeyi oRegl | ows

parent and chi es to _be d rm ned dat ahas bl e sear ch.

Accor di ngly, E#E"%’ﬁ%m&‘i rra?%el?(e%?nin%?’%at?%ng?% EVET Pgb}t ¢ PFECYES: branch
of deci si onal Ast epi@ 281 dtheo pyledpf 2864 Wines ey titeleld H6alase beabheegear chd
Is perforned to t.ermne.parent 20 an hild tables. After.the parent an
child tables é?eg&d@?eerr rﬁ%r}g—'g, cf’lﬁeéea%‘g% omra fé{ﬁgﬁml ?%'R’erd“f‘if erate the
predefined query niellriifg The deetlefomsld gtepy 22adelif mByll h&breégsaved or

step 235 11 FETIPHHIHa, y <Skey TSR Fontt s ot aVAFLaBHE, (HE NIobr anch

of deci si onabrataip 2328 deeddiohal deekpi @2al Id=mis 280. ddtisdesiEi epep Step

230, the quergzggnefﬁgo%egggggg; eSstep 228, the guery 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 unique index information is available, the

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



whet her uni que index information capable of identifying 30 parent and child
tables is available fromthe database 20. If such upique index information
i s avai l abl Yes branch of decisional step 230 | ead 226. At -
WD 011 0654 BaRTEL TS 008", step 226, the unique | ndax T PeihEfls <0,
used to search the database for parent @d child tables. The query
generator 38 then automatically links child and parent tables to generate.
the predefined query nodel 56. The 5 predefined query nodel may then be
saved or furshep 226i t the bynidue sirsiexn ifiommastiont és. uRedutai sgarch

deci si | T . : n . . | ; h
dat abase 20, SRR TF=bEPsnaicly PRESTS sl G SEepfeds AL BleSe, o0
step 10 232, geherayst efBadinen sAutaatigablpl [lyinkdehiflidesamdhdpakenks child
and parent 1 8bLes, | 008NELALE, | BRPLEUALDGMS ety TRdel 38 noblis vy

t he predefined quer 6, ar e extent” possi automatical ly
gener atsed wptrédefinerdh|l qadmynimddedt omaynt Ererct ben. savedi |dr b&utthemder st ood

t hat dat abase .t ' e i e otherw se suitably |inked.
FIGURE 4 is Sd%e%ve%f ?&%a%%?%ﬁs%ra m%céa;‘@réerghod for depl oying and

mai nt ai ni ng cl i eRe@applingattondecisieedor deepe 280t h.ifonenipdeodindset of t he

present invention. .20 In _thi | t I.ent LcatLpons_are.centrally
depl oyed andlﬁ%?lr'l IR rglr%%t Egggg%]\%%? %%stﬁ%g %ng’laﬁe %gbttlg? flgb appl et

that is initbahhgh usedidaisdonal oatled a230 Idzabs e tep RF2t heAt| stoeg

appl i gati ons the cl| 110, . IS gr . he_client
sof t F%e ar ez%%' dg’%’g al%f%%% i%gf"ﬁé\g%gj‘é?%% sg‘ra\?}l'élrg.ﬂ Ozﬁd&%}lﬁ%i aatullci)n of a
new sessi on binkdechkilicdkrdand IfhrePar ttablleshdo igenkeabtat tha/ ppddéfipsdcedure

| ncl udes do“@ﬂé’:?‘agi:{'&'deﬁ 5rga.ni flgsszhg.islgaj;lr,i S%ﬂg_%raeldeﬂ%ggsqgggyv%éeifsns of all
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 centrally
deployed and maintained from the server 30 using a thin
boot strap applet that is initially used to download Java
classes forming the client applications to the client
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 110. Part o_f 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 new connection to the server 30 is made by the

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




nodul es and resources'on a client 110. 30 Referring to FIGQURE 4, the nethod
begins at step 250 in which a new connection to the server 30 is nmade by

the client . step 252, the boot strap agent on the 7

PCr / US00/ 20?%%9”02@% ient 110 transm ts the user's :mani fes’\{&/a%{gg?@ t he
server 30. Proceeding to step 254, the seg2¥er 30 conpares the versions of
all nodules and resources listed inthe 5 manifest file to current
versions of the corresponding files in the server 30. At decisional step
256, the seraldrent0 Te ertmanesmivhettler ase®'®r mahhifektt hidubestcher
resources are_out daégd based on the conparison. If some or all of the
modul es or ré¥0Urces are outdated, the 10 Yes branch of decisional step 256
| eads to step 258 prAceeding 258,sttabezsarvuhe3()seg:en&e’r aoeSccaiipaiﬂw et al

update for the client 0 The i.ncrement date incl,udes only the
nodul es t hat ‘fredd s b% ugitiat P}°d}{£ ari’tdasfggméﬁ‘ﬁ‘?s %\/e?nt i ts

t he 155i ncr anmritfelstuptidiee t® Eberéhte%rﬁiensATofSttﬁié 253rré§§on@1ﬂ9€nt 110
updates the ¢ nt side appl i cati ons based gn ,the increnmental update. At

step 264, a r#e‘v?leefes’s?oﬁ hes sqryer | 3mchdtf 1 ArciFAPRAIIaPESR 02381 e 118 ent

110.  Retur nisigvier dRCiddt@ialinesewhdblieri toflenerofaliheclimntinddiles
applications are outdated, the No breg]ch of decisjonal step 256 al so | eads

to step 264 i%f VTIPS ST R QPR SE  BaARt . ThR CRMBaFA§OTt he Merver 30
det er m nes V\/f'ﬂi:tme ok a&.ﬂl)/ofn”eﬁélhﬁﬁd\ﬁms by aedbasses) adé Cortdatda dat

m ssin or ete an then se tively pushes the correct 25 nodul es to
t he usg? s milo ﬁ’ F35Cng \MdFﬁlﬁﬁo‘iﬁ)fia’f'é‘?P TS TR SEePedRlr, difers
never have tcsamnlxﬂal,y tHep Ood 1071 ImtgéﬁﬁaWSe @ 0i A Ferdt 1t leﬁﬁﬁ:lé y roam
bet ween di ffefr entth\gDE: lg;@ti{)&ls t'I(')he i c?:rémvemng:g(]?uhpdate 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 is
then launched for the wupdate-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. 1In this way, the server 30 determines what, if
any, rpodules (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 log 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



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 pp 01/ 09754 PCTI USOQ Z0708 23 adni ni st r ’?ﬁ' gentrally
mai nt ai ned an3 net wor traffic is mnimzed. FIGURE 5 is a tlow |agram

Il lustrating-a method for adapting and @ecuting a query nodel based on a
5 predefined query nodel 56. in accordance with one enbodi nent of the
present invention. In this enbodinent, .predefined query nodels 56 are
gener at ed anddmimigtaatdedn onis hecertxally30 hyintaigdd ni and at vetweerck provi ded

to wusers up fication of access. privileges. 10 Referring
ePaE £ AR i ELh' |

to FIGURE .5 egins at step 280 in which the server 30

receives a reques&’IGUREnSa igser fiow diagradefllvetratdng souethéd. foext, at
step 282, A er acgces |on f_the redeflned
query rmdel %%aﬁ ngd onéthéeg‘gucgé:r pr|V| e%é’e Rﬁe |s%ccé£5| e portlon
Is a pGrtlonpnédemeaquerguemdelmcﬁél t eg. nhy baceomiwetbdy.witle user. I n a

particul ar enbodi nent, acce or.t.ion of _t r query
nodel 56 myea%%(gl%eé’ glFt eéé P e‘Er)aqlﬁ:elrof/'l rm Q?”’% g g%%h%&?’he user.
Det er mi nati opr@deﬁtreechoq;m bhcm‘lea& pﬁﬂ‘tam génei'mtqs:l eaed i mednqalqu nodel 56
may be acco hed det ning the user' r|v Lleges tq Juery
nodel and th% er?ﬁ%f ng ?élmb cc%ésfféfnm St |on gge S g Fer s

privil eges. mse:cbh&:rdn mquesheamtomﬂﬁcatpontoﬁmmesd1@ri251egpsedef| ned
query del 56, t seryver deter e r ot on of

t he pI;L defined q 3 r;h)aef: 5 pfro ect S\ °§0P§1‘F§ﬁs|§ 8tr%*fau ni ng or
ot her suitable wiordh mheofsetherpsednéa:emetéamemeqnedel £56m aAssehesliz:m bed in

more det ai | gelp?:\évdeklne uer O%%Se?r 5_162.2 Next, at step 282, the

server determines an accessible portion of the predefined

query model 56 based on the user's privileges. The
15 accessible 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 query model
editable 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
guery 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 gquery model 56.
As described in more detail below, the query composer. 122
30 may conceal the protective portion of the predefined
guery model or otherwise prohibit edits to the protected

portion of the predefined query model.



30 may conceal the protective portion of the predefined query nodel or
ot herwi se prohibit edits to the protected portion of the predeflned query

nmodel . WD 0 GT/ US00120708 24 Next, at step 284,
downl oads t&g%g{?fe‘}ﬁpﬂ ned query nodel 56 to t he cl:irent 110 lilﬁ%s 286,

the query conposer 122 displays the access24ble portion of the predef| ned
query nodel 56 to the user. In 5 one enbodi nent, the query conposer 122

di splays a graphical view of accessible data el enents defining the

pr edef i ned query ndebet, 5@t | atelp s@A8Ayi ngheheseatsassiBbl edowmleadmn, thee query

. conposer 122 fmei% g%gﬁpﬁlg&ggt ed ROrLioON. gg?ﬁ@eﬁredefk{le% query

nodel 56 to p even ng and/ or view ng o at “portion eed| ng
to step 288, 286, quehe cmepysecotpdser eddi2ediagpdayeditlse t mddessibddef i ned

query nodel 58 LBEToPAS R eIELUTELEP GSlEPtOn O plesgleceti g of

dat abase t abl €S, unms Tn and j ol ns “bet weén t he
dat abase& t abl ese Nevnbedmem,ep 280, qudny qwmttposem'poaez 1A speagsates a

user - adapt ed del 128_based o ser. d|t e ;accessible portion

of “the. pr eder SHETHATAL y Holior T atoRpoLpLs Babe Flghdaty” RAIATEY Shely

nodel 128 is ppédefloted onidwy erdedr 530 fol’n &ns@eeuuug arhe Atcc&tse}ibzw t he

SQ. generator_74, auto tlcaII enerat.es,a ,Qgt agase quUEnY. bas n.the
PAEST R ods sEY FREPHAT b3k SRS e Bt

user - adapt ed *quéery hodsl abase q ry conpri 565 o Fd SQL
t hat can be epertlimd (>} 3 tbheccprmietﬁmdrraqagar Toded 256 petd opreveatquery.

At ste 296 %e Server og_ greLc Lves ¢ hi-? result s_of the query. As
previo Iy de% f’?’be% He 8 ?esultfs are |ﬂ'| Ml ally stored in the server

30 by the cache nmrmdﬁ@ E’bocseeb nedsy dehesi guety Steynpter | L22he
query 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 gquery composer 122 generates a user-adapted query
model 128 based on user edits to the accessible portion
of the predefined query model 56. At step 292, the user-
adapted query model 128 is uploaded to the server 30 for
20 execution.

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

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

Proceeding to decisional step 298, if the query

30 includes multidimensional analysis, the Yes branch of
decisional step 298 1leads to step 300 in which a

multidimensional storage model 100 is generated based on



30 includes nultidinensional analysis, the Yes branch of decisional step
298 | eads to step 300 in which a nultidinmensional storage nodel 100 is
generated pas n WO 01/09754 PCTI US00/ 20708 25 the reggrkReo20t0sSt €P 302,
t he rrultid?@e‘ﬁ&?’%ﬁal storage nodel 100 is used to generate p?ovot, drill
through, and other views as requested. B the user. Returning to decisional
step 298, if 5 multidinensional analysis is not indicated, the.No.branch -
of decisional. step 298 leads to step 304 in which requested single

di mensi onal theewssalesgendstatsttbhaddd) orhe tivel tidimensdopeils storags 302 and
. 304 each lead to. decisional .ste At .deci si : 80qR06anlihe server
10 30 determoagtst \kﬁgt K& lﬁgfg l}-‘soer-eé%%%itgd%&grg%'l rfdt%gglfl ﬁ% %ﬁn age stored
for |ater reother rievéeasigEgquessedebytthe wexr.t he query nodel 128, the: Yes
branch. of decisjopal .step 306 le .t p 3088 wWhi ggt he query nodel
Is saved to a ngg'ﬁ%’cfl ort?% I 0 %gescolﬁqtoﬁ'tgiuser%orga 157SeCurity group 58
to whizh thewlsedihessboeds analyeps308 nandindicakedr dich Nof badearhi onal
step 306 each lead.tp eci si onal . st 310. At degisi | 5t eRn3df, the
server 30 défer ﬁt@:"o‘%ﬁ(}i’ét ﬁ%FPt hégéug‘f?/a%sgs&iétsggrg% t%&%e Stor eg gs an 20
historical segpeboéd $ingleishimesmlionad views onxe tdenerahed dagedaosnapshot,

the Yes branch of decision step.,.310 leads i i ch.the query
resul ts are =28t oF&H¥ Orgsggi:gu edSBSP%)f 0%90?20 gg 3@8 g%ghl gaégsatgot he end

of the procaesibyoihi cirep p3eslef | meddepiionaideitedt 325 ,i $her serded to a
oo o™ P, T e e pugatp oig 56 1o
facilitateswiohuse dzbzedndbysilatby zkluseser Sfatlealusewns desdyesetasers to
effectivelys%%g %ﬁgiéﬁﬁéiiégégf“§£é¥‘Eﬁé:Yes branch of decisional
step 306 leads to step 308 in which the quexry model is
saved to a selected portfolio 58 of the user or a
15 security group 58 to which the user has access. Step 308
and the No branch of decisional step 306 each lead to
decisional step 310.
At decisional step 310, the server 30 determines
whether the gquery 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 query results are
stored to a selected portfolio 58. Step 312 leads to the
end of the process by which a predefined query model 56
25 is provided to a user for adaptation and customization.
The predefined query model 56 is displayed and altered
using a graphical view of data elements. This
facilitates robust data analysis by all users and allows
novice users to effectively use available information to
30 improve operations within their organization.
FIGURE 6 is a block diagram illustrating details of

the query engine 80 in accordance with one embodiment of



30 inprove operations within their organization. FIGURE .6 is a bl ock
diagramillustrating details of the query engine 80 in accordance wth one
enmbodi ment WO 01/ 09754 PGINSOQO 20708 26 the pres g i on.
this enbodlﬁg%%%gt e query- engine 80 includes a-li:brary o ﬁ@ggﬁﬁ @mlvers 84
and an intelligent dataset 82 operable iB6response to a query request to
iI'dentify fromthe |ibrary necessary data 5 drivers 84 to performthe
request. The intelligent dataset 82 is further operable to determ ne the
necessary orehs nresﬁ@tdépueutiv@rs gm t shper feobrpdiment equdst , quexy

generate a ddé neC e ”1&91%&9'5‘911%‘3@?0%56 ¥ad%&ia|.vgg‘§i \6g' 535%4 érp t he

necessary or %and to execute in der ft data drivers
driver chain. HR@fldrlsueng AR tREEURB 26, opewalile eln | yespouse aset 882qu€ganerat es

a driver chaijp, (ﬁ}_ge dNe esggéy&el %xgmerghereﬂ @ngcgg%gg{, chaih 320

I ncl udes dat a ers necessary to perfor request ed” query. The
data 155dri velmivies aﬁé d;mameerébry siaheectrsquésbm t h&he biatglbigerdvai | abl e

data drivers c?eﬂiaas%@ Qrdgred ghgpeoé%ﬂdlaét g:%g detg%gggt 8¢ ﬁgéﬁglg%ér&g,? the

query request n one errbo nent rvers rnt y are
derived fromerdsssefc|tdss dajxa viteficrersd |84 rttcerp@cﬁaomtettttmjsré@assﬂl | #de next

driver in th I my a r Qgg ai n
priority foregp ace%gntgl tr?@ell%eganég{gre %or\“/%1ep03|£| %ﬁewl ceé ag{gl.|n 320.
As used herdmiverse 84r imeddie npensssaxy yooderpf aad Ieastemcusabsm of the

el uddd”dar s, Ehe' feh g et R, R BN andnlh T TTO e et o

dat abase oper at i oRefeirring ettor ISIGUREYU@St tler dededdigéhe rdettasesd 82cor ds

are next SOrtgeeq'lerates a driver chain 320 in response to a query
request. - The driver chain 320 includes data drivers 322
necessary to perform the requested query. ‘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 1library 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 query engine 80 employs standardized access




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, é{# ul ar query engi ne 80 enpl oys standar di zRe&neeeEes VO
01/ 09754 P U 708 27 nethods to perform database queries. As a

result, the portal 10 need not be custo¥ zed for particul ar database
queries and the cost to provide and nmaintain the business intelligence
portal 10 is reduced. 5 FIGURE 7 is a flow diagramillustrating operation
of the nodwexzhodeertp cpryifinym Strtiabpagec SUEFAES - wi tHS ofle TeSHRSEd F88t of the

present | nvenbl gy (BLRRE ac! 8ePL G Jeq | F TBAPOLCRA Macalboticop 340 i1

whi ch a quelpy rejuést 1I's recelve he intellTgent dataset 82. Next, at
step 10 342 qdelmesnaeﬁl tgencomt@sétr%déyﬁaﬁ vainyaie| ge Pusinessyri vers

84 fromthe .| t r e ery request. Proceeding to
AR TGP REE SROR, 10 B ERARAL, QU T SRIeS P oo TS

step 344, erm nes the order of data drivers
84 necgssary to FIGU$Br701$nahélqvecﬁ}@eﬂramAtllétlébr%ﬂng terenation Pdent

dataset 82 dynam cally c S@fetzyjcgﬁ adriger | -?.g Rcot88REL SivitH hgnRecessary

data driver$in 'RE'nete der to performthe query re} uest. Next, at
step 348, tIm:hoﬂtméhtgeﬁttuwmer@xe@w%loge t Refepring th&LFURE perform

the auery refuesl wihlihineklife Ui WepChabNen! bR1SA! dsglarBagsexect! ed

in order w'th @ac a next rlver 84 in the chain’upon conpletion
of its own @semelclecmedAbyathesmtxelltllganuéﬁyaséﬁg‘%e FrHnd a¥atshksBt 82 are

appl i gation | de%%“dg.%eag oéilc Call DEeC 38} | dyiBpitdd1ad, |R1eupROHacEEW

funct nallt rivers 84 to l'ibrary and progranm ng the
intelligent diatvaxet 32 ésotno ttheei Libraxy | SEBSHTY FItGURPEBLPEM 3 theoCck
diagramil| uqsuterr%t %quggégl | s of |
Proceeding to step 344, the intelligent dataset 82
determines the order of data drivers 84 necessary to
15 - perform the zregquest. At step 346, the intelligent
dataset 82 dynamically coﬁstructs a driver chain
comprising the necessary data drivers in the necessary
order to perform the query 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 query
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 functionality.
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 non-sparse

architecture to minimize the size of the model 100. 1In



a mul tidi mensional storage nodel 100 in accordance with 30 one enbodi nent
of the present invention. In this enbodi ment, the storage nodel 100
utilizes a RptoRgM8sse architecture to mnimze the size opcirosvonvads! 100.
In 11911 WO 01/09754 PCT/ US00/ 20708 28 asgition_,'-;.-t_-he st orage nodel 100
uses an open architecture to allow cal cufFations to be dynamcally
performed after the nodel 100 is constructed. Referring to FIGURE 8, the

mul t i di mensi onal storag 5 nodel 100 conprises a slot 360 for each
di mension ancdditdion, IHe FEPrage dredftht &R S0 FPEPh BT ERAERST SRR

slots 360 contqi g1 L& I E&Sc@lt RO Cist BE Q?ﬁémilé\élt@ﬁ p&XtéAfdfdaft &M a
dat abase whil e the cal cul at ed. di nensi on ts 362 contain data cal cul at ed

based on t he '@ mMadedd1090i8,EensE3ICtSse i || ustrat ed enbodi nent, each

di mension slot 36RQrfeheltgdescarienkEy SStngﬁnxﬁleaﬁénglghQ?n&Qﬂa orage
372. The entry storage 370 contains a set of non- sparse entries 374 for

t he corPesporftRdf) ftHerRemRrisssefferdinty 360 Y yedrdh- densiahiands are

included. Thesesirage 364 5eeaséﬁnaté&n‘amahéisndlrrefﬁéoa%eﬂgi&@él and
each identify an associ ated data val ue . I'n one nbodi ment, each entry

374 includes PR nBEP tIPRYRLD 488BEi&F e(ﬁ@at §S§9F{ét%5i6 dagpt eyabessel v,

the data 20 valies+346 oom ke d%tt%%@eahﬂaﬁe%hg (A8 c8RhtL&S g 3hénson t hE
entry storage 370. Use of the pointers and separate storage of the data

val ue 376, hoWeidr 26amadredn dpfacicedeylared ppaeedspngtipesstoncte
mul ti dipgensi gl storage nodel 100. 25 The di nmension storage 372 includes
the data values 376 assocjated with entries 374 in the entry storage 370.

The data val ues 3% dfeeddiusirnrgae grhedinentl ¢afiedimension slot

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 value 376, however, improves
efficdiency 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 values
for each dimension.
A set of interdimensional links 380 is provided for
30 each non-sparse entry 374. Each interdimensional link
identifies an intersection between non-sparse entries 374

in different dimensional slots 360. The set of
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01/09754 PCT/ US00/ 20705 29 interdimensional |inks 380
e or nore interdinensional |i3%s. In one enbodi nent, the

ional links 380 are bi-directional to allow efficient traversal.

di mrensional slots 360 in 5 either direction froman entry

, a

ots 360.
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~second dimension is determined by the 1lack of the
database entries in the model or the 1lack of
interdimensional links 380 connecting the entry 374 in
the first dimension to the entry in the second dimension.
Non-sparse intersections between entries 374 in a first
and second dimension are determined by traversing the
interdimensional links 380 from the specified entry in
the first dimension to the specified entry in the second
dimension and then obtaining the data +value 376
associated with the entry 374 in the second dimension.
Data and information obtained by traversal of the
interdimensional storage model 100 is output for further
"processing as described in more detail below.

The calculated dimension 362 includes a set of
-.calculated values 382. The calculated values 382 are
values derived from predefined calculations reqguested by
a user contemporaneously with the multidimensional
storage model 100. Thus, while the multidimensional
storage model 100 provides an open architecture to allow

calculations after its creation, contemporaneous

processi ng as
descri bed i nofivtke dimtterdimeinsionahel trks 380 .ed Ih Partiicnlds?2 anohlies a set

of _Cal cul at fgtgﬂéﬁio%BZbemeenc%&abags%d é/r?t!ILiee% 318r? gr %irst and a

30

nEm .




val ues derived from predefined cal cul ati ons requested by a user

cont enpor aneously with the nul tidi nensional 30 storage nodel 100. Thus,

whi | e t he nuwoiodisvesnsi onal storage nodel 100 provi des an egEmseorntgst ect ure

to allow calculations after its creation, 0conterrpor aneous nnm WO 01/ 09754

PCT/ USOQO' 20708 30 ‘cal cul ati ons requested :?)y the useriith the nodel are

precal cul ated and stored to mnimze processing after creation of the

nodel 100 and to _improve the speed.o | tidi nensi;onal_anal ysis. 5 FI GURE

05 a. bl ock AREHTRRETRS | SERIEFRGY chemiis , S GE. ¥1380 it midedearar y

- mul tidimensi opakcaloubgeedded $6rddr tbhembximidear prdakosify. aRekerri ng
‘'to FIGURE 9, the exenplary data. 400_ ]| ncl uges di pensi ons. C1 and C2 and

* calcul ated di FEREFOARCET ihfePdH 0P nePrtdde HIRRRYCLO Gt FPeSdl @&s A, B,

and C whil e dmiResathetionidll wadystisique entry values D, E, F, G and H

The cal cul ated dipgension C3 includes cal cul ated data values 1, 2, 3, 4,

5, and correspongfﬁ'zké)osdilﬁ & 0%? TR LA PEn SX P L RRY

exenpl ary stodage wodelnd02ni exkhgtardi MeDsididnsidmils «Hd4aber mdigernsi ons

Cl and C2 and | cul ated di nensi onal slot 406 _faor cal cul ated di nensi on C3.

In the O - df*ﬁgn%f’Ené s ISFETROATY t aétﬂi ABRsi oRgTeTToREgEC4 FESURRC Pudes

uni que di nensicheakxemplesy Adatth a0dl {acilfes?@itdnsYofabotagandlz2i agakudes
entries with vvh'b_ch t he d%%a val ues_are associated and pointers to the data
val ues. Simi FEMFPLatRL E2MERAEORI GRal sPHIEBRIPR ntl uddsiudrguenigaea

values 13 E, Entty ardudsi mdi gensdmnat siHinagediidnsidant £y ShRNages416
I ncl udes entries associ ated ﬁlth the 25 data val ues and pointers to _the

data val ues. UPHEBFJIPRERYi SARarSFi RksEa2d i dent?BY Ent eldiectSadisdiipEedeen

dimension C3 includes calculated data wvalues 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 €2 and calculated
dimensional slot 406 for calculated dimension C3. In the
Cl- dimensional slot 404, the dimensional storage 410
includes unique dimensional values A, B, and C. The
20 entry storage 412 includes entries with which the data
values are associated and pointers to the data values.
Similarly, the C2 dimensional slot 404 includes unique
data values D, E, F, G, and H in dimensional storage 414.
Entry storage 416 includes entries associated with the
25 data values and pointers to the data values.
Interdimensional links 420 identify intersections between
entries, and thus data, in the Cl and C2 dimensions. The
calculated dimension 406 includes calculated data values
i, 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

determined, for example( that entry values A and D in the



entries, and thus data, in the Cl1 and C2 di nensions. ‘The cal cul at ed.

di mensi on 406 includes cal cul ated data values 1, 2, 3, 4, 5, and 6
associated with predefined 30 intersections of data in the C2 '
di mensi ons WePYWY¥he exenpl ary storage nodel 402, it can %g’&%gg‘gﬁ% ned,
for exanple, that entry values A and D isthe WO 01/ 09754 PGTl USQU120708
31 d and C2 dinensions intersect in that they are connected by :
i nterdi nensional links .420. It can be further determned that entry

val ues C andiD £ 2 dAmehES6hs | IntdiRictt Hey thhe BRéyCcansechmtkdned
I nterdi nensional links 5 420. Ent rjid’?%r ar %\gconneﬁ:ed by interdi nsi onal
links if arf¥ od@tgrdimepsieral; § di*f8nsi on&F | FARs ROnndt -9

entries. Fl Gderklnes anktowndirggramuées! asthat D@ netimrbrdeat dgenerating
and using the nultidi nensi onal storag nodel 100 in.accer ance with one
ot

e 10
enbodi ment dhathetBe¥s@xe i MRenCrBR® ?&‘?e?’?’i M F FMEIRE °Ord t hod
begi nsgat stggy 44Cduiidy Ghet Renmektidi BpNshossdinémiRgal Mmidsls @0 is
generated by the multidinmensional podel . nanager_44_in response to a query
request and 3 [PRSe@ToR ESTiREPE slrb'fe?dr'?@‘eﬁ‘ﬁégk’;‘a?'eﬁb’éﬁ.c. "cfué‘ﬁ"&? r equest
speci fi es thgdijgansi ons and data di nensions for the nultidinensional
storage nodel 100. In_one enbodi nent, the -rrultiﬂi nensi onal nodel. manager

44 generates t he FRGPREdiMOers oRalf 18V o iGe ABddil 1 U85 726618y % i1 et chi ng

dat a recor.dsgdy OgbhbsasMY CandFosfafh tlat amiRGithensiondl Mestsireiel  val ues
and data values “are then fetched. Thereafter, for egch di rrenfni oglgl val ue
of a 4Bta raeasied t RROMAIR | ASRFERERE Ybdel IR aGEPe%A™eRbt i 7€ if the

di mensi onal yAdeati SiivedteBh.i N Retdridly HOr AYEURE 010), N i Glietdad@e it nay
e e T ins ot srep 340" Tn" Wni2n" TheP niT el mnd {40202 29°
model 100 'is .generated ‘by the ﬁultidimensional model
manager 44 in response to a query request and is based on
15 results of the query request.  The dquery request
' gpecifies the dimensions and data dimensions for the
multidimensional storage model 100. '
In one embodiment, the multidimensional wmodel %
manéger'44 generates the.ﬁmltidimensional storage model —
20 .100 by first fetching data records from the source. For
each data record, the dimensional values énd data wvalues
are then fetched. Thereafter, for each dimensional value
of a data record the multidimensional model manager 44
determines if the dimensional value is present in entry

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

dimensional value is not présent in the entry storage

370, an entry 374 is created for the dimensional value in
entry storage’ 370 and the corresponding data value 376
storéd in dimension storage 372. In either case, the
30  dimensions are next traversed from left to right to
create interdimensional lihks 380 for the entries 374 in

entry storage 370. Existing links are reused while links

]



370, an entry 374 is created for the dinmensional value in entry storage,
370 and the correspondi ng data value 376 - stored in dinmension storage 372.
In either cagepvirss 30 di mensions are next traversed from pefiisdoRo%s ght to
create interdinensional links 380 for the gntries 374 in entry storage
370. Existing links are reused while Ii nk$211911 WO 01/ 09754 PCT/ USOQ 20708
32 that are mssing are created. In:addition, for the right-nopst

di mensi on, data values fetched for the record _are;added by the

mul ti di mensi oNGRT mGFEl TWEAERE 3e 9reahed: pe WidERLEbYARt hdOT nebe

mul ti di nensi oppghisimstgalinensndal &00amex1kes OtbesNbSerSH tRE! Y¥e88RST at ed.
After the multidi séonal st orage,. npdel 100 _.is enerated, step 440
proceeds to stEp g&ge APY sEBp E¥btidimensianaly; i GARIEdA4 -nanklger 44
receives a Vigiill ' esileshdbostdod UgRlt OkhkhemsDerd freafkidnaNSkessagad/ or 10
data di pensions, Next, at step 444, the nultidi nensional nodel” manager 44
det er ni Res t rERRFL AW Fa¥ebeaPr e s itf fMARRIYhESReERFIFom t he storage

nodel 100 and a gifdd NEhROI Miild A inRMEH ohh BV esSetagel Nanddedveisal sigare
defined by the specifjed dinensions and the starting 15 point on entry

det er ni ned bBRFTAFSTow TR FH9eIPTRFGSFS tor §hSPzE42 | n MheSEmotiPent, the

mul tidi nensi ofied  mRUeEdi NSRRI 144mb &L 1 | @MBagar T IdsSt rahEifed Ol vRGPrd from
the multidinensional storage nodel 100 using a bottomup, 20 right-to-Ieft

recursi ve noVeRBIRSt 150X 1R sSahERNi REnthet speféfiedvdinapsionst ap d, the

mul ti digensi afitla MGRInsiBRBagERedd, PRSI dddasa ,f ivhe! ofhh FERSHOAs S&hLCt ed for
display to the first entry storage value. Next, all parent entries, which

are those to WY efManggernetti r deteMifg v trHversod st | BREESSAYY hety first
entry storagegetilrste the view from the storage model 100 and a

starting point for each traversal. The traversals are

defined by the specified dimensions and the starting

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. 1In 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 record, the
multidimensional model manager 44 then retrieves values
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 view. If the right-



Child entries, which are those to the right of the selected dinension, are
al so positioned to their first entry storage value. For the first record,
t he rTLI|tI nal nodel manager 44 then retrieves valgiqs

di nensi onal (gﬁ(qﬁsgs at these positions. To retrieve the nextsa{r}hejgord t he
mul ti di nensi onal nanager 44 attenpts to3%ove the right-nost child in the
view. |If the right WO 01/09754 PCT/ USCDRO?OS 33 nost child is novable, it"
is repositioned and the data values fetched at the current positions

W thin the nBsd idﬁirmihsis)nmbvslbm,ag'et nﬁdelreD@Bitlibneﬂeanﬂthl’lewmbtta childis

not novabl e, the mul_tidinension ag tte ve the.
parent of thzftlu(ﬁ‘T’ I (fe":\f/hg%h 7% a'fl'he en rrrl%ngglsgfé n. I(aé]e | eft of the
child. If t hm1cpmr1mhsu.6nabvalubeaget mogelepdd®di.t i oAEd tzhmd rimhfd-a!%t\/al ues
fetched at their curre osiLion Ldimensiona st nodel
100. If the % t bxtﬁl rmvedmtu%ldwglr%?éls Srrrlﬁf?e to rrrgé[e t he
parentsof thet apepds wdiwbdve sthdaepanemy pmm&tiaat ghilde twidchefits of the

first parent, and .the pro e re t this
poi nt, the ditf e ?&?3 rrl ggﬁeggk}:t be%thﬁ'r]i er rsntafooc}:kéhat t he
traversal s Piket stsanbwaglapums;m:tdpqsltthenasdl tandl thesdaral valugssage nodel

100 may be o hervm se - swtabl determn d Proc st 4464, 1 he
mul ti di nensi hedy geft rrar%‘&éf 44 ra\?élrtses gelién%rﬁslodl m%ﬁm o%a st orage

nmodel 100 frﬁxgrﬁlumeaaﬁbyaposmrager aedledonndct i i 2Benpatent neawictnal | i nks !

380 to determ ne t exi stence and/or val u afd t ect.i on. !
At stéP 448p t'Pféverﬂil tarrhlﬁ%?é'] PSnai ﬂorag:e 2“03% 6\.{%86‘%{{ er%mdnf;stqga}y val ue |
at the specigd®at,nwhighchsothe Nendry ahnnwaptéilﬁ tot tiee Nl fit difreiies onal

model ‘mnager, 44 deter i nes, phsther, 25 A4 4ighels LAY 38 SN Tor the

remain. =~ At this point, the end of the process is
reached. It wiil- 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 multidimensional links 380 to determine the existence
and/or value at a specified intersection. At step 448, '
the multidimensional storage model 100 determines any

value at the specified intersection. Next, at step 448,

the multidimensional model manager 44 determines whether
25 additional traversals exist for the model 100. If
additional traversals exist, the Yes branch of decisional
step 450 returns to step 446 and the remaining traversals

are performed and intersectional values calculated until

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



addi tional traversals exist, the Yes branch of decisional step 450 returns
to step 446 and the remaining traversals are perforned and intersectional

val ues cal cuygppebrsgnti| all traversals have been conpl et egerfisdnbsbr anch
of 30 decisional step 450 then |leads to step 452. At step 452, data and

i nformation output fromthe multidimensidal storage nodel 100 is
summari zed and 11 111 WO 01/09754 PCT/ USOOn0708 34 sorted. It wll be
understood that the nultidiipensional storage nodgl. 100 may be ot herw se

confi gured toSpFES®rt Thnwillinker redenstecd Hoval dthe pyukeishimensignehe
(raversal —ODEESLAGN wbdMT LIVD SHIAbS 26Dk ARG UdMGuoRa" 8 Phesort

processing efficiency is inproved. Next, at step 4547 infornmation output
fromthe nul BPdi AEABRGHRE datE-agdowsyer. 1bY sepyraiping dihey trgivegsayed to

the user in achefueslLde¥baWehe {BemdLNETS 494 QBrtBEgCldhiaritls,
Proceedi ng to decisional step 10 456, if additional views are requested,
t he Yes Sbranchrogessing affisiepcy4ds| Hrp¥avss-t he vi ew request and

speci fied di mensi ofs,@r € Jrecgiygd 28, 1 he A Acess r&w@@d% | ek
requested views_have been conpleted and dis Iayela to the user. At this
poi nt, the NomBihidimermisnadeci steorade st mpdabo 110Qds 19 t leraphdcefilyhe

process. In Ii.ihiaﬁlé{@é/d dde sigassir;rue}dé&&?&%a RQElAyl LHRr Qeliess 8
mul ti di nensi onal ™ st'orage nodel 100 of reduced size and ~inproved processing
speeds that sbpporn dilid cebirnti ¥30. andrepdddingperat deassiondhgstapa

anal ysho. 10 246}t 1eN adtllcdoHat! vARNsC Y SIRUARAICY! Ald 0935 ! BoahBhY2e
data intersections that were not anticipated during the origina
definition of relerydddic PhEPR rédRicen t whdchndtheesvigw esramedsd andsupport

gkéogaﬁgd drigﬁe&%fiéﬁi(ﬁﬁhenéqghéukgfé(”¥%céQ$g§ n@%dinghgdepgbgggsviems

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
resources 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 variety

30 of pull down menus 488 disposed along a top edge of the
display window 480. A tool Dbar 490 is disposed

immediately below the menu bar 486.



25 drilling for high and low | evel analysis. FIGURE 11 is a screen diagram
illustrating a display of related wi ndow 480 in accordance with one :
enbodi nent of the present invention. Referring to FIGURE 11, the display’ 3
wi ndow 480 WeN9&¥s a nenu bar 486 with a variety 30 of p‘iﬂ’qﬁm?%nus 488
di sposed along a top edge of the displagsw ndow 480. A tool bar 490 is |
di sposed immedi ately bel ow the nenu bar 486. WD 01109754 PCT/ USOOn0708 35
The di splay wi ndow 480 further includes a catalog w ndow 492 and a

portfolio Wi ndowad A eRAt ity 068! Mhrthadowrddaethe Cahghngy Wi ndow

492 displays a file hierarchy wthin the catalog 32. The portfolio 5

Wi ndow 494 oviplaws 498e endws? | inaREdolyor heindey ort 94 oPEF8rEBE WWh%in the

portfolio V\AMO?AW%%%&;T@2IheTﬁEe%tahggSQﬁ%B%%elébzdi§i&ﬂé@% i a
ow .

di screte view wn Storage of the views in discrete files |inked by
the 10 portfbile hidrarchyayishiphehe| §aEA199 ed2 -wi t IFHE t RETEEBY12 ol i 0

w ndowg494 g r glogt ed; dotientigid Ovlgws easiARedr @3Ni 28d togeider and
ef fici gnt I yawdll'rg%ayggqt o] é_gf}ﬁser. I'n pgrt_iwcszul ar, theq%(r)lrtfol i 0 wi ndow 494
provi des a pargfmrlig.ndow with a single data interface (SDI). The 15

di screte ui ew W nAQus . Wnelfealieenliay Grtohlian4! astaman cid nodud 0 2
multiple data interface I). It wll be understood that other types of
rel at ed conpbmesepamatehe digpkaxack|in spord@cargel Vilerd WAt or
display thr oyl cQEPRid Fidgs 20 [i@dREcL2 ifdb Seimra dpdrane
illustrating a i play W ndow 500 1 ncluding_ view buttons for navigating
bet wean rel poetfodiionsand digpta¥olifo the azebrbehc¥igWeh Widite iRl nent  of

the present |musnlion. \RERGHT 11 t Q1TLRURFreldved NciuRBhdy vEsdas 500

easily organized together and efficiently displayed to a
user. In particular, the portfolio window 494 provides a
common window with a single data interface (SDI). The

15 discrete view windows 496 are displayed within the common
window in a multiple data interface (MDI). It will be
understood thaf other types of related components may be
discretely stored and linked together for display through
a compound file.

20 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 %
25 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 catalog window 508 and a portfolio window

510 as previously described in connection with catalog

30 window 492 and portfolio window 494.

In the illustrated embodiment, view windows 512 are

maximized with the portfolio window 510 to provide



25 variety of pull down nenus 504 disposed along a top edge of the display
w ndow 500. A tool bar 506 is disposed imediately below the nenu bar 502.
The di spl ay wbgflgpass 500 i ncl udes a catal og wi ndow 508 and gciosdof20ios O

wi ndow 510 as previously described in connection with catalog 30 w ndow
492 and portfolio wi ndow 494. In the ill usPrated enbodi ment, vi ew wi ndows
512 are maximzed with the portfolio window 510 to provide iiolll WO

01/ 09754 PCrl USOQ 20708 36. optim zed viewi ng. To. al | ow navi 4ation between
the maxini zeBPYRERRG, WHEEWNGut t onkS 554 18We PRBIFHEtPD n bet@esonsEheo

maxi m zation ghxfnaflowipldwand disp! aREcAs E8PS HONPrRvieRgedgs of the
portfolio w ndow 510. The 5 view buttons 514 are each operable to display

an associ at cESSPPRRAY T MaxIMigat§R | 9% i WERAPYW P ile 8pchddspdayadt #Fat i on.

This allows ugsghs LPollyi £kidp aBdg@askE | ¥he NBYLEASEI DOl IRESW t4E0 W NERUS. As a
result, users need to constantly nove, close, open, and resize w ndows to
vi ew 105r el at Bé#eWatButtensed 54¢ didkigar K3 | (oPeTrabhe vEew BLEPLRY ARy be

ot herwi se di sphayed.Qlq 4aRRLAt 8621 As ' ERPOASEI 4 wiRldder ipUikapbasevests. For
exanple, the view buttons may be ggner ated any time a first w ndow becones

at |east subsebhratalan. hi JdE® f abROWR sMsaFsbytan HeKLYi mpdh RBSHY 15
Thus, as S00Ny23; &S He thiddnC 8hESwiR@bwal, W Al 5dieiled t&%ergﬁﬁégazéﬁé

positioned, or displayed to cover a window, a Vview button 514 may
gener at ed f or CORREARHIOVIIE - bec1OSGv e CPER - TRBY FERL BBt WHRZOBY 4tanyiee

posi tiqped ipdependeiidy LbradaCeh 8seene i MHIIOW. THIUSy olh 8% BBNs 20 be
di spl ayed adjacent to or renote froma correspondin w ndow. Al t hough the

present invent@ynbRastiheziigesdispdavedi of S_RATAteSntigdi HeFReNSs/ akPous

changes and other suitable events. 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.



nodi fications may be su |IIed inthe art. 25 It is intended
]thiat thehpreSEnt I nvent | l H) %ﬂﬂi changes and nodifications as
all within the scope o] | ai ms. WO 01/ 097 '
PCT/ US00/ 20P/@ 8109 WHAT IS CLAINED 'St 1. A query engine re3|3mhg on

conput er - r eadabl e medi a, the query engi 32 conprising: a library of data
drivers, each data driver operable 5 to execute a predefined database
operation; and an intelligent dat.aset operable in response to a query

request to igentiiy cfmmﬂnhesl i brary necessa’ry data drivers to performthe
request, to determ ne necessary . order_ of. t he necessary data {vers to
performthe 10 reJquestA fge ﬁnﬁ’é{l@ a TFTVerhiftn C(Sr??prl S hg fl%b

getceszary da{nédﬂéjh\fcﬁéé dueryhengtnessempricriger, and to execute in order the
ata drivers in the driver e query e Qf Claim each data
driver 15 furthe? Jc’ct?ﬁﬁ’iysf‘%h%éi‘tﬁaéﬁlt’ﬁf%t f%ﬁ%‘ r?&%ﬁoé%ﬁ)’gr aSPsr%bl call a

next ?rsl ve][ t8 %}f&'ﬁﬂi’d \aea@reaafmna@o:ﬂam oparationhearspeci fi ed dat abase
operation for the data ver ery engine of _Claim1, the l'i brar '
of 20 data drive?®d &Bﬁﬁﬁ%fﬁ?‘@t aPaFéﬁg &!?érag?s &1 vEFSBRRTELEE R0 y ?
execute a fegséryatapast Q@erlamemfy%ra’dmetweri;bmmi mecebsaipi datls the
i brary of at a drlverﬁﬁg? I n at ast one. data driver erabl e

to execute ad¥bYETYat 4%&% . Th§° F?r@%ﬂ?na BFch%Tﬂxl the
library of gaaér drdﬂ/ertheCOﬁEdﬁéﬁa:lg/ atdaJtaasarW@rsiatta: dper€éormpetiadl e to
execute an index database operation. This Sheet Has Been Re Iacech

111 o111 IRF‘E‘F?Stl'llfcl | @ erate a river chain comprls
necessary data drivers .in the necessary order, and to

execute in order the data drivers in the driver chain.

2. The query engine of Claim 1, each data driver
15 further comprising a base interface method operable to
call a next driver in the driver chain upon execution of

the specified database operation for the data driver.

3. 'The query engine of Claim 1, the library of
20 data drivers comprising at least one data driver operable

to execute a fetch database operation.

4. The query engine of Claim 1, the library of
data drivers comprising at least one data driver operable

25 to execute a sort database operation.

5. - The query engine of Claim 1, the 1library of
data drivers comprising at least one data driver operable

to execute an index database operation.

This Sheet Has Been Replaced
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WO 01/09754 11111111111 1111 PCT/ USOQ 20708 s 38 6. The

I'; query engi ne of Clm:] ' rag Of data drivers conprising at
|'east one dayv@ogigorsser Munmm”ﬂml%te a search dat abaper/osmwnrefs on. 5
7. A business intelligente porttam tor analyzing information of an

organi zation, the business intelligence tal conprising: a server

connected to a renote client by a network; a query conposer residing on
the client, the query 10 conposer operable t enerate a query nodel in
response to user §nput?h%’?'aﬂng?’¥ @r‘?@gﬁﬁ r%fsiﬁfﬁg“oﬁ'th"é"%e&%@?;zrk'hé’%query
_engi ne conpri galg: deitveéPs aEompriAdga alll 1¥8EE, ofi@Chlathkt dr{iFd aiperbbleper abl e
to execute a specified database qperation; and ,  an intelligent dataset
operabl e in r&SpBHeEUER 2 SRAFAR FBGARRES LRVP TP he query nodel to

identify from the library necessary data drivers to performthe request,

to determne a necessary order of the necessary 20 data_drivers tq perform
the request, to geferat® Huginesf atelligsnsei FMFalhefRECcARRINFiIRGt a

drivers in thgnrBeREesEh YoPl&ielordiid Za@ 18XECHAE bisOhées {Meedalqandei vers
in the driver chain. 25 8. The business intelligence portal of aim?7,

each data dri PEFERY EPEPTEHMAti sing a base interface nethod operable to

call a next drivergai Set¥i®r HdntRlcteRats a UPRGHbraXRAUln®Nbef at Herweae] fied
dat abase operation for the data driver. 30 9. The business intelligence

portal of O aim7,2@ fHETYi GPAPYSEF ¥aBAAiRY veRstBETlierhy A&hel EBSFYone
data dig ver epgpabbe bpefXBTLdlt €cagbpbsh&atabaseyoppueli an rHipbnsheet Has
Been Repl aced _
to user input;
a query engine residing on the server, the query
engine comprising:
a library of data drivers, each data driver
15 operable to execute a specified database operation; and
an intelligent dataset operable in response to
a query request based on the query model to identify from
the 1library necessary data dfivers to perform the
request, to determine a necessary order of the necessary
20 data drivers to perform the request, to generate a driver
chain comprising the necessary data drivers in the
necessary order, and to execute in order the data drivers

in the driwver chain.

25 8. The business intelligence portal of Claim 7,
each data driver  further comprising a base interface
method operable to call a next driver in the driver chain
upon execution of the specified database operation for
the data driver. |

30 9. The business intelligence portal of Claim 7,
the library of data drivers comprising at least one data

driver operable to execute a fetch database operation.

This Sheet Has Been Replaced
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busi ness intelligence pﬂmm"mum”mmm the library of data drivers
conprising _at .| east one rable to execute b abase

oper ati on. VO QU730 e huskneSs b nt'el i gétnce portal of Claim ? 0 It2 e library _
of data drivers conprising at |east one data driver operable to execute an i
I ndex dat abase operation. 10 12. The business intelligence portal of Caini

7, the library of data drivers conprising at |east one data driver

operabl e to' execute a search dat abase operation. 13. A nethod for
perform ng dat abase queries, . 15 conpri.si.ng. providing a.liRrary of data
drivers, each dat¥- drPferPHHEEHS * toefa])?@%ﬂ‘fz apos%é"gi fPEd éégltlgbalfs)'e
operation; reeei VimehBr @eldat@idsverbocotpdas biiasat POastleme fdatey from
the library npecessary daia drivers to perfoirig}:the request;. determning a

necessary orWEHVeF APRTaRiEeER PSR 2 FPFT AT TR TR IR TRE I equest ;

generaging a driver chain conprising the necessary 25 data drivers in the
necessary order; and perfaqQrmnmi.ng the, request by executing.in,qrder,the data
drivers in the dr’i:‘ver%Eﬁairfﬂs’f‘%.ssTh’en n8¥ é?%ﬁctrﬁ B,gfwg:&laéf“n ®ach data
30 driver caihs Pipveaely Hf \Rita Arikerdr comprising apoheastx eond i dataof its

dat abase operation. Thi-s_Sheet Has Been Re Iacgd 8 S O O o A O Y Y N B
) driver operable to execute an index atabase operation.

10 ' 12. The business intelligence portal of Claim 7,
the library of data drivers comprising at least one data

driver operable to execute a search database operation.

13. A method for performing database queries,
15 comprising:
providing a library of data drivers, each data
driver operable to execute a specified database
operation;
receiving a query request for a database;
20 identifying from the library necessary data drivers
to perform the request;
determining a necessary order of the necessary data
drivers to perform the request;

generating a driver chain comprising the necessary

25 data drivers in the necessary order; and

performing the request by executing in order the

data drivers in the driver chain.

14. The method of Claim 13, wherein each data
30 driver calls a next driver in the driver chain upon

execution of its database operation.

This Sheet Has Been Replaced |




