 $9& e3eG@D@V' GBXGTG ¢c1 3 JAN 2004 WO 01/ 09769 PCT/ US00/ 20693 1 METHOD

AND SYSTEM FOR DI SPLAYI NG A PLURALTTY OF DI SCRETE FITES TN A COVPOOND—Tt+E
TECHNLCAL FI ELD OF THE | NVENTI ON This invention rel ates gener al IMO t he
‘field of analytical dafa processing, and nore parti ¢y ar Igh/3tJJKM hod and
system f Qg ghiigeRdoayi Ng a plurality of discrete 5 files in @(ﬁ?ﬁ&ﬁfiﬂ&bfi | e.
BACKGROUND OF THE | NVENTI ON Business intelligence systens began |argely as
deci si on support systens (DSS) and executive infornmation 10 systens (EI'S).
Deci si on support systens (DSS) andlexecutive information systens (EI'S) were

val ue added systens that provided additional information from existing
-"gn-l i ne transactional processing (OLTP) systens. As business intelligence
yst ens dewEToioed ANDhEY STEM FOR) ICHSTL.ANING | HNPEURRDITY S@Et em ( DSS)
functionality wt hi@ceets W LEY aN® icoMmpystienF{EES) functionality, and
added on-1line anal ytical processing (OLAP) tools and nmanagenent reporting

tools. These hybrid business intelligence systens were gradually noved from

a nai N+i-208 RV iR e Yr 3@ ad/slinsion but ed server/desktop environment to .

al | ow greater—user access. Wre recentty, the advent of centralized data
war ehouses &hd sdatiawventd dmayveededated genkrxaabliyc tacrehse Emeddai bdbl e dat a

wai t i n% t(i ?fe anal zgd, exBI oited and r21§ distri bu%egivm' telhirri\xgn o

or gani 288 C&dchU85fa RAPERSEEBS  anB Hat TRESt sPARGRSEVER  Wer &%t yfi cal I y
opti m #Renhbar amnd orsg@ttie@n flet i \@rgplatiies bhaplbransept icmabipegeessi ng.

. WD 01/ 09769 PCT/ US00/ 20693 3 particular, the nmethod and system provi des a
§r aphi &dlegsdn encorpPored K9 i nks and di spl ays discrete but related files
together and that allows for efficient navigation between such displays in
order to facilitate data analysis. 5 ~ In accordance with one enbodi nent of
t he pr EAGKGROWWEN OFo THEa INYENIT GMor managi ng and di spl ayi ng rel ated

information_in .aggraphi,cgl ?ser i-nterfacg i ncl udes %tor' n% each ofa a
plurality oPYPdPSEsd dAPESALASRRCE qi S¢PEETS | | £°9R con%fil AG-Fi 1 e®s stored
li nki ngeldigidnScegpgodat dfdteétfis (DSS) and executive information
10 systems (EIS). Decision support systems (DSS) and

executive information systems (EIS) were value added
systems that provided additional information from existing
on-line transactional processing (OLTP) systems.

As Dbusiness intelligence systems developed, they

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

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

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

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

information delivery rather than transactional processing.




10 to each other. A conmon w ndow for the conbined file is displayed in the

graphical user interface. A discrete wndow for each discrete frte 13
displayed within the common wi ndow. More specifically, in a xrgﬁgéﬁ with a
particular |5 enbodi nent of the present invention, €ach of J Bhe
files arately stored in the conpound file. In a di nment
t he comﬁ)ﬁ/@?@e may store a link to each of the discret ge?)i%iggos. n these
and ot her enbodi nents, the common wi ndow may be displayed in a single 20
data interface (SDI) and the discrete wifdows nay be di splayed within the
common window in a nmultiple data interface (Mdl) . In.- accordance with
gnot her aspect. of. the. present invention, a nethod for displaying

di scr et M NEQVET, Ntae2me@mriNiaal spetenpesiagesi aCkudphigrilenadng a
view button for a first window in_response to the first w ndow becom ng at
| east supserharal | Yhat ddbhnks ontdd s flasP by oy et srote a Ric oI tRdw.  The
vi ew bug i i e t s t on i NCPpY ,g% t he
second%vﬁirz@owstoc?é?%éy_%rgyot%?%% sglgtlg)g’%e ?Sﬂgﬁatl ons&%ﬂgr :Igaponse Jif)%n

act i vatbettweént hechi dwspliaysnint bedenr sto Viiawidw iat adidsyilaaygath s ihe

raphi cal user interface. Technical advantages of the present_invention
itcl ude 5 prﬁ’\'}i dPRGOERRPREr oVad u&q?esse"?t‘brﬁq@ﬂ%ngtenco pSHl Qﬂea?e%%l ows
USers tinwast i ¥nacCcesmeitbdndor endabagingn RAGt | GlbpTlayifg sl ness

intelligence portal includes a graphical user interface that allows related
docunemnfermabieasiiny drgaarPRégatogaier inharEree ciaflnfesdi WL to a 10
user. | ditian r gl acepane NP d ng4idive to
m nim zé;a@ﬁeb%egdp#gjr%ﬁ%i% %%gag%%pg?'?%é%%ot gr at éjclhni ce?ﬁ ad)\E/%nt age of
t he pr agseabmpovent | Hile ndkbudesoyrdvidnkgng nBtdhodiande sy stewaf ofilawi gati ng

15 bet i ndows i hical user.interface. | ticular, vj
WUt t onsE @r E3TOVPGREE 1 or hi HHBHOR M NG 4 dgRiBtnsn 69dh o ng

Wi ndow &{sﬁiégséherﬁnt ared | Qrdiserdal 0 uHEEklintand seesi | y navigadeetbet veen

t he wi ndows. a result, users need not constantly.nove, close, open, 20
and resvirdewndbas teaghevdisrneed dﬁ%best%)?eddwpﬁ?lé%r Methinesthex her

t echni cal Maaﬁﬁgg‘sﬂ of the present invention will be readily apparent to
one skiTred in € art fromthe followi ng figures, description, and clai ns.
25 BRI EF DESGBLETI &deEEf THE1 DRAW NGS &ocoadanre cenpheta wwierstwhairng of

t he present invention and its advanta

¥2! | owi FEPARBLBEPHL iYn HAReRTET U] A g’fS‘Bﬁgg}; L of the BfSetet"®
files may be separately stored in the compound file. In
another embodiment, the compound file may store a link to
each of the discrete files. In these and other
embodiments, the common window may be displayed in a single
20 data interface (SDI) and the discrete windows may be
displayed within the common window in a - multiple data
interface (MDI).
In accordance with anothexr aspect. of the. present
invention, a method for displaying discrete windows in a
25 graphical user interface includes generating a view button
for a first window in response to the first window becoming
at least substantially hidden from display by overlay of a
second window. The view button is displayed outside the

second window along an edge of the second window or in




5 acconpanyi ng draw ngs, wherein |like reference nunerals represent like
parts, in which: FIGURE 1 is a block diagramillustrating a business
‘intetligence portal in-accordance with one enbodi nrent of 303 hﬂw%wnt '
invention, FIGURE 2 is a flow diagramillustrating a neth fo

initiali NNYBOH® business intelligence portal of FIGURE 1 PEI/HSA0MINce

wi th one enbodi nent of the present invention; FIGURE 3 is a flow di agram
illustrating a method for 10 generating 4redefined query nodels in the
business intelligence portal of FIGURE 1 in accordance with one enbodi nent
.‘%f the present invention; FIGURE 4 is a flow diagramillustrating a nethod
~flor depl,qyi LNt aLnLE lie i o) I . 5 _buskn
ntel | ates reaPRer b REREng' | o MHAGRE 03, Wi Vhrror SEVERE |
pr esentview emit oon, FEBERE1Fsits wa ridoow idi adjf sl ayedsbrating graphbodlf or

generating and executing a query nodel based on a predefined query nodel in .

accorda’t’.rﬁ:‘?ervéit‘?tjt‘f2 R°®nbodi ment of 20 the present invention; FIGURE 6 is a
bl ock di agr apadphhs4T ahiilaneRekat ION het ha-JRAW ak NGk SN9iAL1 ke FI GURE

1 in accordance with one enbodi nent of the.present invention; FIGURE 7 is a -

8 ow dirnpaiding uar atinRy HRS ativeings s inte odignee quepytangi hbabf
FI GURE I C ce_\t e LpENnt t resent .ipyention; Fl GURE
8is a agio%ksadﬁgégér%% i?&us%?g??%gngg%g% d?néns?glﬁglﬁfﬁ or%%€¥Mdel ?Pn
accor dgpe Wilaone Hbodueiniessf tinegilesmtce nyssitt&ab; inchuBe6URE 9 is a

bl ock diagramillustratjng exenplary data for the nultidi nensi onal storage
nodel (SrWI'GJFEl SPSFF‘G\HE‘QT@%(?‘?at;‘PGW%} Smbaiars afinﬂﬁgm&%? hba for
gener atddged biey yubthdhBaal eedkthbe’ 3R Xe] c pinfl GURE $iaddy aggogdance

wi th one enbodi'nment "of the present invention;, FIGURE 11 is a screen diagram

10 | ust ey a @nsprdgibionel #lamentss afn the pesetol interfRCGUREXE in
2ot con TR am KT & | 58 wPADSMIERoc D (aPeRavight  FE O Aen =Pl at ed -
Vi ews igumsses dance with one enbodi ment of the present invention.

Another technical advantage of the present invention
includes providing a method and system for navigating

15 between windows in a graphical user interface. In
particular, view buttons are provided for hidden windows
along an edge of an overlaying window or elsewhere to allow
users to quickly and easily navigate between the windows.
As a result, users need not constantly move, close, open,

20 and resize windows to view related data stored in disparate
files.

Other technical advantages of the present invention
will be readily apparent to one skilled in the art from the
following figures, description, and claims.

25
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and its advantages, reference is now made to the

following description taken in conjunction with the




DETAI LED DESCRI PTI ON OF THE I NVENTION FIGURE 1 illustrates a business

intelligence portal 10 15 in accordance with one enbodi nent of the present
‘i'nvehtiion. Generally described, the business intelli g@an go‘i@@m[y

provi des integrated data dccess and information sharing dcvo

ent er priWe,0148768el | as sophi sticated nul tidi nensi onal anaPg3/US0/$PE. The
analysis tools are 20 highly automated and intuitive to allow a w de range
of users to utilize stored information ign making strategic decisions. In
this way, the business intelligence portal 10 maxi m zes deci si on support
.,%enefi ts users receive fromtheir data, while mnimzing the cost of

ilmpl ementing and 25 adnminjstrating the system In rt.he enbodi_nent

1 ust PECSTBATENE REISWITRE pusPHEEE 1Pt diiyert el BEFRAP 10T ent s a
t hr ee- triegréges{trilmgeeq)@j@,i tiectwHEconpri sing a dat abase tier 12, a server
tier 14, "and a client tier 16 connected by one or 7 nore networks 18.
The server FIFWEHE ekt i9 eps bilpdnddiegzes Jhbhushzading sypposiness
Intern conmuni.cat i t I P b pl i L SET

pl atfoﬁ%st,eq%gg%%coﬁﬁgg%?ogl?t 8‘%%%&&5%?%{“? o(?n ategﬁgs%ur cerztfe \é)% 5
sonpl ettdres gatedsrdt tiynvanttileen ;portal 10 across an enterprise. In addition,

t he Java- based server ,and c%' ent tiers 14, and %6 rovi de an nf_g)PI
architectur & ¥ i 8 Afgif y L‘a‘épfiéﬁ‘ﬁéraghdlfﬁ‘ﬁﬁ Fﬁﬁéngdar ‘B?Bﬁggsi g
struct yrgq idatid idy dahabases msavel htas1ugeheectpbedatalor FHEURE 1

client/server 10 network 18 conprises a conpany Intranet while the

ser ver /igataaraydansenoric h e @nikidinert | @hstbe PUBERBtad@vVEnties
networks. |lteiidge 02 4del StpG) Hhab he Piphbesaciabeld | geprearadal 10
may be inpl erenteéd using other suitable architectures, progranm ng
1banguagemeraitdindd nkprediefRetdr ri ggetp FlvedREl 4, the datlebasbusieesk?

i ncl udes one or nore databases 20. As_descri bed in]:;g)re det ai l. bel ow, the

dat abas@®¢edg Igance c RO&kAdsefl ast BAVRFE| ab tHat &SR

necessphd B niiinett die e daiabasferddonncl uding the database | ogin. The
use of 20 database aliases prevents direct user access to the native

dat abase i n RIFQARE t4 e it af hovhdiagragr i 1l patrabingt #havethod ST t he

illustrati.ve .enbodjnent, _t. .ahase y ~ Ay Jaya qat abase-
connecﬂaééjr}o(y\fﬁ@@ %ﬁg ogfég?aggl%%%ase&cgo%#ggt fagjraﬂﬁ?’%gd) conpli ant dat abase,
185 Wel Ibhasires2b Qitiddhigeriad cpoat #hoose FAGURA dmaih . afhersencer wiitdr 14

30. The servers 30 each conprise a set of

i ncl udes one or_nore rsﬁg{vtﬁ{ﬁs
Java- b&¥ed edidmanto Rt ¢ RGP er R QR f ferent platforns. As
described i y8uR: det 3l DLefpy BRIV eI F138tPhEYhEE a dhetBod for

generating and executing a query model Dbased on a

predefined query model in accordance with one embodiment of
20 the present invention;

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

FIGURE 7 is a flow diagram illustrating operation of

25 the modular query engine of FIGURE 6 in accordance with one
embodiment of the present invention;

FIGURE 8 is a block diagram illustrating a
multidimensional storage model in accordance with one

embodiment of the present invention;

Q1 Y15 r mat i on




hi erarchi cal security, centralized adm nistration, fast nultithreaded

pool ed data access, and nultidi nensional data analysis for the business
‘intelligence portal 10~ The server 30 includes a catal og 3%.3 ajdnt lpg
manager 34, a security manager 36, a query generator 3.8, a database
access 55%?81{?9169, a cache manager 42, a nultidi nensi onal nBEEUSHYIEr 44,
and a client adm nistrator 46. The catalog 32 stores all configurations,
docunents, and work products created by aglm ni strators and users of the 10
business intelligence portal 10. This centralizes managenent of docunents,
§I i m nates redundant and outdated copies residing on client systens, allows

document s, LorBUIAT o0, 1801 9SS ROCRN R, AL AoN s Bl

security for the docunents. The catal og nager
i nf or madiaga Worhithe mlderdibneggiohalwsktbrbgeunmdeiedt el RIGURE W&h
configuratio nts, _ang work.product.s ;may be ot herwi se sujtably
stored and na%ﬁggg%cv%h%n the bu¥i ﬁéggrfiﬁ‘t éailiﬁrﬁf:aetﬂb?tél "'f(‘}holéh %t al og
32 incl ydeerandne e e rditthibrensi @883 2@ FhgdiSpbdrNOfdt egTBIRESRCUri tY
groups 54, ‘and predefined query nodels 56 configured by a system
admi ni stPaf6FOTRRSCCaMEltdYy @2 arBbodirenleeLoklcoPrasmENpdiviaIItiieR 58 t hat
store rel ategrwipes PP geal ed L S safn. viousl y;. rj bed,
t he dat abase aliases 50 contain ale(’%l Z%J?%%%lﬁngt]il&%%n%%sﬁr% td&%g)é%yect to
t he dat elfaged a2@d ThHews einf thiee pdattdlvdsie abf aBESUEBE pr dveric-cdidageie user
dat abase.agcess to i.ntai.n data integrity i.n the.native databases 20 and
nmakes i{”lggs i |S“‘P§?lmﬁ{i"te n'i?la%ll pﬁ%%?%’"\{t OP¥EREEPHC @RS corporate data
wi t hout fear Faburer nEpti®na scre@n diddraa8diiiescrhbendatabass @lhiases 50
al so serve to pool connections to the physical databases 20 and thereby
LRduce £RE RavBoRtinARepERRN cERABELLONS oWy Ui R cliCEOT Sapper Wikhl ange
nunber gfrekhkBhs: oF IS ‘bszeés&{@fiﬁw‘?énéfoﬁ?m define a specific range of
a

privil eges for user and“one or nobre security groups 54 to which a user

has access. The user profiles 52 are generated and maintai ned by a system
adm ni s [T [t 54 i nplenent a hierarchical security
nodel 1]}%1&&%&*}389@%5%&;%&% g‘gégﬁiﬁr?ﬁ'ﬁfggassi gned to each group 54 by a
system adni nFsGUREON. AN @EPEAtELT At WusSeyd t¥n@E DUPgkAcRY pYi-ded 49 all ow
adm nistrators full access to the system including pérnmssions to add,

#Bdi fy, 1Anaceerepacse Mirth yopeogpbosdmend wlertlpe opreesns? invenizd ons

system i ngl k rig i 'Ie_ggfs S i,nhherits are

t he uni g%?%#‘%?? oégﬁgﬁi%% i"vi ghgl at?‘?%%%g%s e el%i;]géleﬁcghgé%%ée’%l pl}tgfi | es
52 and phevidght sintegaehesecdiaitisy geraepss4and Winthrratdiorshehheliaggs. | n
this wa% xposur e of s)ggtem f,eatures to users is controlled throu%h 20 the

e ]
ext ensi 9ETOER of Aer mi SRFGRETIEE pri AT ege¥ehdhi ctPSire SSPPINEACEESHI t hhel d

from seauitidi@eAYPEnad OanhNgb¥isdugbovser Proki | £8aPgsidhUsooithi hee
adm nistrators may have the ability to connect to databases 20 and add or

el et e BiSRLY pFotimaed s aRGhingsitiaee thi 2w $si wade| nangsl, ofower 25
users ngy.pave ac it a a ta angl ysis. . .ation
feat ur es,ev\ﬁi I e&i Eﬁflnla% org%%%%%ngggf%ﬂgln y brig’l a%‘a}ﬁq%dr %ﬁ%gggggapt
reportsdecishanss t hin wiries pwayi oustle besinedsbyirare Bihgenss r ppbotadr power
user.

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

In the embodiment illustrated by FIGURE 1, the
business intelligence portal 10 implements a three-tier
distributed architecture comprising a database tier 12, a

server tier 14, and a client tier 16 connected by one or




WO 01/09769 10 1 3 JAN 2004 PCT/ US00/ 20693 1 a The predefined query

nodel's 56 are sel f-contained | ogical nodels of particul ar databases that

'are established to make query creation by |ess technfcal1Q§§Aﬁ 9gg | y and
t

intuitive. The predefined query nodels 56 further abs't r ac

data from a

dat abas@v9@10¥%Posi ng only those portions of the databasePOHUBHHUR06P%

rel evant to the group or groups of users who wll use the parti

cul ar query

nodel 56. The predefined query nodels 567include relevant tables froma
~dat abase, fields within the database tables, and |inks 10 between the
at abase tables that together define a query. The predefined query nodels

et REICEFSS Y, ALY U PR Vet Sens siBedlisy ke e

ase

predef i néd query no enments I'n an a

to which

any pasatreculdavaebastdusdars wshipphate adeessIintarihbtaddicrimumiddte on
predefi ned query node) s 56 estahlish chani sns .that may restrijct the type
of quePiré?§°?1}9§F égﬁqzetPﬂqumB;t&WegrgEﬁeat ugBfs. semv rﬂ%@lfléz?rxjnst'he
mechanih edef bHRnERE 1 BRI MBHN ORI vALSOH)CR]T, MtLo¥ehreEs, tdidl can be
used t0 execute the queries, and 20 all owabl e joins between tables to

Br evencompid edfays@r labll étpustqlids @pxtat tOuREGrPApash EHESTIEFRS ty of

the buginessyimial!iggace

system orTng’ user create al ned Vi ews naddi fi

a%{-t soe;@i)%%%ego'ég&ﬂ éPfg%r_ﬁal piouLdesa fid e

on, to 25

i nternakl y mpemeidée wnewsorEh tAPIpoktdodliitecthfreraychac| ude, fdghakanpl e

views 60 of word prqcessing docungnts, spread sheet docunent
pages. 2PRELERUST ofPBs fS%’%\:gé’“@;t

O CBTRBSEE I o CapREIESOf ORb

and web

8tof'tng a

col | eclih@Rfsad exs @R1ar £ hehstphatfdeseldntdf. datBe cIMERYRIALS _, 11 1
3 JAN 2004 PCT/ US00/ 20693 The views 60 may be stored directly within the

1port f onetwegkor LBnkedompréaed otdher dompEmy podntyrnetsg. while

the

server/database network 18 includes 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.

15 Referring to FIGURE 1, the database tier 12 includes

one or more databases 20. As described in more detail

below, the databases 20 are each exposed as an alias

that

contains all the information necessary to connect to the

database 20, including the database login. The use of

20 database aliases prevents direct user access to the 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 (JDBC) or. object

database connection (ODBC) compliant database, as well

25 suitable data warehouse or datamart.

as a

The server tier 14 includes one or more sexrvers 30.

The servers 30 each comprise a set of Java-based

applications that can operate on different platforms.

As

described in more detail below, the servers 30 provide




Access to the portfolios 58 is determ ned by established security S

paranmeters for users and additionally 5 by the creators of the views 60 in
'the portfolio 58. In one enbodi nent, users never see porifolji 852 t o which
they do not have access privileges. In addition, the por f3oIA S may be
cust oni ze¥OOYY4Fdvi de  aut omatic notification to associ at edPGEAISERMRH vi ews
60 within the portfolio 58 have 10 been updated or otherw se nodified. In
this way, security is made integral to the operation of the system which
facilitates coll aboration and information sharing within an enterprise. The
~Views 60 provide data for displaying a wwde 15 variety of formats, such as,
for exagplga bablss, WaRMSicy! CPAEhSraPLYOLS, 20 HGh RA0ESH Theadevs 60
may be either [Tve views representing current data or snapshot views of
dat a at malpathireaded gpwaolted ndétaractasaddandomulasi dliasens bedail n danee

detail bel gw, .Iive views 60

at reguPBF¥Ri-&r &&rs',t?{Fp@é{Sé& r?'rfq 1o ROLTRE th8: 1 i ke. Snapshot
views 60 mayThe sRiridd- OVEriidli8adsi r caPAPSHOBS ,0ry t@a €4 P8GE mansegeence of
snapshot or rollover views 60 for historical analysis. The views 60 and

portfol Pds B8 seamId s JRRRISr pPvabelyeby gepnsyater S, be dasebalset ed or
shar ed o] e, Securj r to, fagilj ofe] t.i on and
deci si o%ggn%gfng%%%ggé?dri y dﬂ%ﬂ%fgegggégﬁgnége's %ec%éﬁ%d?ﬁeb%ggg‘%é}i ness
intelligeded poatabgei0.44pn pandi cul aliehite admihd steciticord y 4@anagemrhadb
i ncl udes predefined security fasks_for gener ating and nai nt ai nén% ugsr
profil eS25218fd %?ecﬁFPﬁ?Sgr%]tﬂpscgﬁ’.ﬂ?HE EL00F t VARMBYRFS36 ML 0YPrSvi des a

securi t yrBhaEAEChEAditted! | BYS W@l nRkeirhk8s 62 Al SuseeWw i tyrgremwas 54 to
inherit privileges fromparent classes. In this way, a system adm ni strator

t@n easbhginsesbl i shtahdiganaeai rpeeedk ity for t heThiisi nesenkrediregence
portal 40 I6 query: OGRELALAE.3E Qi AS.0r ABRCAL, YT A, of 10 daabase

a

el enents to~assi'st system adm ni'strators and po ning the

query nodplies5Geshhking edaf idledkmiesys tane) s a3 ceachddehinaatisherslababase

connection, the fam I% of tables and, col ums exposed fromthe database, the
n

al | onabfBarsfn 3HeSAnd BConbFREEFBRLSE net B4t a, PER¥LAESon $87géPEAROr s,

and aliagsearfiel Ehe RN Yaodlifet £def tREA-JUET ¥ RASIaH A0 FaNmARabRLE!
adapted and used by a |large range of users to pérformTsafe, securé queries.

I%he databidsehzorabsipfeormatrdoni ncitjdas thactsesvad t §0and $of twiake ber

accessi ng.and,_queryj t he dat abases 20.20 _and f.or returnin er esults
Lo the SHPEEPCOET! o hRkni TRt CONT SHERTEPES andorEBsM Ty B LS EPEX For
the illpsbaated efgdi went othieawdaleabasd ta®agss sxywteadn 4dndnchudeaged query
schedul er 72, an SQ generator 74, a connectiqQn nanager 76, and a Java

dat abas¥EBAReERPRoRESDBEF 28 nES L LigengGe PPTSAedfer 72 initiates schedul ed

queries. As ’@ﬁ@Vid&&%gﬁji §§U5.L§ﬁﬂ’uc@y WSSO0, md e dicRGdNe datasand
calcul ations contained in the view 60, can be set to refresh fromthe

&t abas®020 ursyor pired ilessever alsegpriisys, groups 54, and predefined
query models 56 configured by a system administrator. 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
25 information necessary to connect to the databases 20. The
use of the database aliases 50 prevents direct user
database access to maintain data integrity in the native
databases 20 and makes it possible for non-technical users

to safely access corporate data without fear of corruption.

.ma& be, 20 .schedul ed to be ugdat ed automatically -

|



13 including specific tinme schedules. This allows views 60 to be easily
refrgshed to reflect the current state of the data and users to al ways work
‘wWith the nbst up-to-date information. In addition, snapshgt Wg$M§ @g can be
5 automatically scheduled to create an historical reposit r%' R shot

vi ews 60 wovedomsna t he sanme query. Thus, for exanple, a viepcHUsosoche
schedul ed for updates at 10:00 p.m every Mnday, Wdnesday, and Friday and
automatically distributed to a group of ysers via a shared portfolio 58. 10
The SQ. generator 74 receives user-adaptéed or unadapted query nodels froma
: ﬁ;er and generates a textual SQ query for execution by the connection

ranager 76. In.this way, query. nodels which are graphically displayed and

edited B?luéggétéP@'adﬁﬁﬁagﬁéépﬁ§ecdﬁbﬁ?§%ﬁ O eReERt aBEEVES bRt e

instr UCtdoQHx%é’d‘l%ﬁé‘etE@aéﬁérﬁ%‘@f&'&?ddambéséy QWS 1Y CRePEBYS xalghc her

i nformation consuners with tle or no programm ng know edge to fully use
and bendéfhet fnoberheobhudrtebssentasinrigmricmporeguir@d | hoornsupipdodli @Ent |

t he SQL .generator, 74 includes 20 dial og specific generators and an SQL

par se t#%ggteo r}g‘g[h%er%t%Pt iejl‘?nexst'ual SQ.. The dialog specific generators
cerrespond t aHdeudetf preftilegpes odaclat dedsios 20 speedsdad byangeusdd in
connection w_th the business intelligence portal 10., The dial og-specific

gener at F VithPIGT| {Rfe, 2 f OFE D SRR aPRE eOT OMQEFe SeSHFdeyY FROUPENG4MEOSQL

gener at Qi «hThe CQINBCT 1M MRRAYRSs .76 T el VRssd XTI NRLF PResqUBRY Leguests
fromthe SQL generator 74 and conmuni cates with the databases 20 to perform

t he reqgesiegwteer d tnEiguginede Dava dayabeme admimistoatEIDBC) THE | n
the illust rat.%d 14 eggoqimngngné tﬁhea connect i ﬁrll n?na er i{]C| ucrjne%legL

modul ar S§TEY ShgPRRMBD PAc T RTCEY it B FT3ERE LG5 astrC 82 Bhd i"brary
afb dat awdrihvassc®bitpsrigresi bhad iprivanedial ahssbghew, tddeedehagiouyers 84
each execute a predefined database 5 operation.. The intelligent dataset 82
sel ect s 54ndPYr der SYEEER AIWELSTFALOTom t HE | RBMARY ST 3T s §8CRTES Yper f or m

a quer es g I t S ¢ ds di.zed and
q ygérg’é%neéﬁ Gricst to %gé%%‘ §dﬁ§ﬁ§§§r§€b’i}% _fawlgg%@@g k&

t he dat ot be custom or each application. e cache
manager th2 i msylsicss, a igechelisgy h@enny ssiging altia y add pageed@2yandaadpr ocess

thread 94. Th he . 42 i dat tracted f the datab
20 in 1 BENEKES EACHEARY  SUMBELS Tha FEbaS ARen AL T hed 02 Pfne

gache MaRa@em.42 rfmues ASYATheesqusty Widhdideahd phocessegbeeach®d ariving
the caché 90 to feed data into the pages 92. It wil]| be understood that
dat a mapses sgHEemitse 3Rt iR 9Bdhist eredreantndhyiduply rpBbESssed by

the Serggrég%ined in the user profiles 52 and the rights of each
security group 54 to which he or she belongs. In this way,
exposure of system features to users is controlled through
20 the extensive use of permissions, or privileges, which are
assigned or withheld from security groups 54 oxr individual
user profiles 52. Thus, while administrators may have the
ability to connect to databases 20 and add or delete users,
power users might not have this permission. Instead, power
25 users may have access to a full range of data analysis and
collaboration features, while inforﬁation consumers may
only be able to run and adapt reports or charts that were

previously defined by an administrator or power user.




The mnul tidi mensi onal nodel nmanager 44 generates and 20 mani pul ates -
mul ti di mensional storage nodels 100. As described in nore detail below, the
mul ti di mensi onal storagé nodel 100 utilizes a non-sparse architecture to

m ninmize the size of the nodel 100. The reduced size of thé 3N 2000

i mproves PPMEE$Png tinmes and all ows 25 efficient pivot andaiisonr20603
operations during data analysis. In addition, the nodel 100 uses an open
architecture to allow calculations to be flynam cally perforned after the
nodel has been constructed. As a result, users can create new cal cul ati ons
t analyze data intersections that were 151 3 JAN 2004 PCT/ US00/ 20693
not anti ci pa dyy.i riginal definition of the nodels |00. This
reduces ti netlg%d #{exlsé(;&%%%ge%ee ed to 51885 Pt pPvofTénd SRt 1copaaingdns. .
The cli dogiaddi mctelat 0of 4papravides doeBdsbs POhAL S %%ﬂhﬁ%&?

port al %O rrr%g{iges client adm nistration. The client administrator 4

provi de&®a Pero- TUFTFYi FHSATHP aP¥hi @2t uFechhacadutusens c gllsy lyarages

depl oy u@t i ¢l entTiaophbi-eaLE9AS A Q{Jatﬂgéi {m : eygef,spgé_r fr%@:nc%%nd mi ni m ze
S | Wéi}s .

network traffic, while assuring the applica s ar used
by the Eptentfsrommha dakmbaseer20L6 erpbadey comlwr ahidse opogtiieaks oel0. The

clients 0 I I or, re e fromeach other and the server 30. In
one enbgg‘%ng%,%bt %ee ?@etﬁ{‘gtlfﬁ p?n%il?\ﬁ%mélioa&g@sﬁrq’%laﬁi FFospst @h

adni ni stisarbonyhd 0 whal It hesser yRe 30arBScRl &¥i Yy deRffdbeds allgld ent
110 functigggéar controlled hy a robust set of perm ssions stored on the

server BB€ AESsiBHEAr BOGedSt €26 t dgdtdel e leviant tedylesinfremcuarity

groups Qhtysgss, |pikthhs W :he us i.onal_i of the., bysiness
intelligence 20 portal 10 igtg%%r orf):?ll%at gF}%g%%tﬁter ol% %’é)é?rfd r?é}%rg&ng‘ﬁt to -
4P| usebstyeensshehedahabapgei smhvlédhothasearbaisrloyer G 40 ghggg,

. a

techni cg cUSS[Sse {]r?'dd ient 110 énfl udes a_client. APT 112 an
gr aphi cal Cusercantertacel{ey) M92%1Pn the 9 st e enifqs madd, the

client diérissdestanmesdwish akkrepnponeat scipek ngva&ﬁvat@ieecg&ed%;iﬁ@ a
beans: |In this enbodi nent, as described in nor e déetail belodow the client
110 i deBEFFY eBOHEd SHMFRRAFQL fihbhee fkaments njna anonittalonsei 20 the

server yicHhasydl paveiehihe! eple adp NL3LLALION PT NS 128 1 33AN 2004

15 addition, the predefined query models 56 establish
mechanisms that may restrict the type of queries that can
be wmwade 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

20 allowable joins between tables to prevent run-away or
malicious queries that could impact the integrity of the
business intelligence portal 10.

The portfolios 58 provide a file system for storing
user created or obtained views 60. In addition, to

25 internally generate views 60, the portfolios 58 may
include, for example, views 60 of word processing
documents, spread sheet documents, and web pages. The
portfolios 58 are each a compound file capable of restoring

a collection of views 60 or other related sets of data.




PCT/ US00/ 20693 client 110 and integration of additional functionality into
t.he client 110. The client APl 112 conprises a set of Java cl asses that !
“define how the client 110\communicates with the server 3 30JANBeljflse the |
client APl 112 allows any Java programto communicate with the server 30, |
‘an enter QY% efficiently add additional, custom capabP¢VVPWL%r its
clients 110. The graphical user interface 114 includes a set of 20

adm ni stration panels 116, a set of useripanels 118, a set of w zards 120,

a query conposer 122, a set of viewers 124, arid a property inspector 126.

The adm nistrative and user panels 116 and 118 provi de graphical displays :
For guigidg, AE N Mk NSe ABELHSET 81 HBERYYN Wil in rasPeSi Ve 58 |
operations. The w zards 120 divide creation processes Into one or nore |
| ogi calowstleipzkedhdt guedehaditiheirs timattihen paarttf ebte s58 hr ough the creati on !
process. This_ assists novice users,and.other_pnformati.on consuners w thout
detailed 20 %f%%?sémn?tn% krtf%l\ﬁ edégrltr%]loﬁd%é? or n’th q]USeri éigtgﬁﬁugﬁg:ay%’}ﬁg

resul t stdablidlsedaye il tiseparnbbeRsart@nt GRS Rl Caddd ©idally |
effici entlﬁléuse t he business intelligence portal 10 to_extract neani ngful |

g .
data aRY thRPelfFsahRTVeCthdiie aVégvsr &het Bt itde WeRF ORI efBer prie. 25
The quek CONPOEhene? SRRGT IRS,ANELLe 0802 LERMRS S M N SVbstapt i ve |
data to display, and how it is to be stofed. The query conposer 12 ;
provi del»> mqf aphveabodess arirebedémned dneaddiddairs, 3the et isers to |
intuiti\@el% un erstang and %Iter t he m&del S_56 tg.suitté\%gi r partitcul ar
17 neec;’s: AY onrs efiH3 pré‘ﬁ‘te, t'he 868?’)} (?on%%%%rpa 2% i CGEerE %% onl y ‘
see t hesssalaiax &d eiBatrs wheh REIGRYs 560 t Wivhiah thikepdiv1ald Wd agese The ‘

uery conposer 122 saves user edits of a predefined query nodel 56 as a i
er - akgfRe 1Bdatety o dethepgisaamogds 158 -upl SBAEPiEo i SRLUED by t he |
server ;30. Vis a a I j O f t AVl f.ar; Hiabl es, j
graphs,l%(r)ebno:at%s, lgl:ﬁ{\jer(%r’slgﬂme oeptatg%s, Og%gjattﬁgﬂ i %go 'tl:' g v? %\g%ﬁm‘%ﬁ}?om |
user s tfacddsitateni cohliabomadnyryiawd 10n80rvatdena sherdmyg otitdrirarah to sort |
and fil t«%r data. The views 60 can al so be exported to HTM. for publication
on a S®r for sharing in the catal og 32. As previously described,
data views Gfhdmayypewsi VEoor pgbapsleot Slat¥ eWoB0 dispradi i as S8 views
60 can be saved privately 15 within an individual user's own catal og area
& may VB it r Phutireaes shevelh aong foxe Fample. séablesy FRRIE 54 to
facili I rafLon IS makng. WLt R I IVed 4 a
tabl e %@%ﬂﬁl’S?ﬁY%%éyg?ﬁﬁﬁf“%%ﬁ%% as gﬂgey}%&l&o% OtCE'% a)/rms anldéfegrms. A
t abl e Wiiew 20iéypi cHpresenvisg asvarsrdr t dagapamt shapshevelvapwsg dfdeas
becaus vi des_an aqver.all idea of .how_i.nformation is.organized, In the

it q ,
tabl e alé\ﬁ P er & cRRTEIFHAY ePE Hud 18l EdMted f:IEI d%‘?djath add*Sumary
and sulde®icribdd orivat ifdre Coliet®sl Cave bew! eal f aagediehsdden, mig be

20 scheduled to be updated automatically at regular intervals,

updated when first opened, and the like. Snapshot views 60
may be set to overwrite prior snapshots or to create a
sequence of snapshot or rollover views 60 for historical
analysis. The views 60 and portfolios 58 can be saved
25 privately by a user or may be distributed or shared among
one or more security groups 54 to facilitate collaboration

and decision making.
The security manager 36 manages security in the

business intelligence portal 10. In particular, the




25 otherw se nodified. Content can be sorted and viewed at different
level's. A report viewer 132 displays data in a report format. A report view
"provides a robust, banded report fornmat and facilitates aut ;‘ C port
generation and distribution. 18 Users can freely arranbgnﬁ gl and
col ums WP %97¢% er acti ve graphical design view of a reporrCHmbusdoezoesddi ng
cal cul ations, subtotals, groupings, headers, footers, titles, and graphics.
5 A graph viewer 134 displays graph vie of data in a wide variety of 2-D
and 3-D formats. These formats may include, for exanple, bar, pie, |ine,
*>zcatter, and radar graphs. Wile working with a graph, users can change the

raph t o] b ilteri data,, using a subset of 10 the original
dat a, agneggudf{a#nﬁ%ﬁlgé%ﬁe#s% ona i‘dgiga pfﬁgegﬁﬁﬁﬁ VASSHTHY alféskse TPanged on
the flygetdyrsoig ngridiemagacedning angef f gregtilesdesy asndeldeds LN Ng
t he graph properties. A %i vot viewer 136 provides pivot views displaying 15 -
mul ti di Dnat?d - or ctbed, SESPE1EYonBaRager pl 86di AR AS opxoviides ald ows

users tQ&l+68 antd;di-gechyf orgwatd on, ¢ 9PY dggggra S SHPpnsions to gain
di fferent perspectives on"the activities and perfornmance of an erit prise.
Phe pi \stcuridy suppowps hbér artchi estherithe pri<ti e mersmonpargth 20

allows users top orm.drill-down, drill-up and drillthrough analysis. As
SaFaSeh elrd’Iet g?ﬁgbe‘f%}é\ﬂ EheS RIS d?ﬁ‘@ﬁ’é?‘ﬁﬁﬁ?tﬁ’lrevﬁa’éréa at ed

descri beda In nore

fromtlestadtigh nenshdnalm&intags nodetut A pepwseghii ewer, s34y ovi des
a built-in, cross25 platformweb browser. is allows users to access work
pr oductiRtEid IENIRIEF t Rt etBet or Intranet environnents. Reports or

obj ects creagpd | eh etk n,pe I {8 for posting to
websites or di sp‘qghf%rgﬁgh t éﬁgr %\%s I n %?%ja?gia%'\g_ci&prﬁglep“Fsopg’rﬁy
1Pnspecdertabiztenld ementer sot ascliangeyditen adnirtpartdasrof andpacest! ar

view. In one enbodipent, th roperty in ctor 126 is nodeless. In this
enbodi M&TE° t AB p‘S%gg?ng néﬂgct‘g?eliéGmaégi?esSQhe 5 TERanBEERHLNE€ DN t he
screengieryl | a¥ae3er sS4 octxper d8eNte Wirth didf e cpfdL adh ong rand
attributes before closing the property inspector 122. Together, the client

110 anda®édverri3¢-¥pleneaBdsicrdyanpneaposgandaoporatie databdse, stthat egi ¢
layer L9 130akd M SLRT kSBd HERELAR: ALEYSHY' € AR OV dE5 2,310 ©
15 governors, and aliases for the query. The predefined query
models 56 can be later adapted and used by a large range of
users to perform safe, secure queries.
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 connection (JDBC)
25 78.
The query scheduler 72 initiates scheduled queries.
As previously discussed, any view 60, including the data
and calculations contained in the wview 60, can be set to

refresh from the database 20 according to several options,




point of entry for integrated query, reporting, and analysis which are

i nherently extensible for a wi de range of users. Because the business

"intelligence portal 10 may be fully integrated across a nteqPhise, the
portal 10 15 facilitates routine enterprise-w de anZﬁ/sinls%dégﬂv@@ and

sharing WO 0f9B6Mati on. As a result, far nore peopl e w thircEUSEMIEI3Pri Se
w 'l be able to make regul ar and productive use of data that already exists
for the enterprise. 20 FIGURE 2 is a fl diagramillustrating a nethod for
initializing the business intelligence portal 10 in accordance with one
-enbodi nent of the present invention. Referring to~ FIGURE. 2, , the nethod:

begins., at., step. 2.0.0_..n which a system adm nistrator defines the user
profil e’sn%lzu‘;?& A§pgf:é\’;i18u§!l§}‘_ed§§@ﬁ S -t h_eT}El_%%r ablews gdeys pRviae
per n shONealAn wsees re@hbti [t gerbeateese Met bi-tder sksiam MNextynhat step

202, the system admi nistrator defines security groups 54. As previously
descri p&atafignsl sS@WS t or i yPpayandork vivithesthhatmastuserpt bhedats are

t he . ? &9 . yni on of._hi I, in 'v'qﬂg! rights as defined in the
user pr%?ﬁ es %JZgIghd thé[nri %h@étggaéac%qsé&url?y ‘3?%&’8 50to %’?chbﬁe or
she belangsnaticzkedi mghedudieep R4creheesyst eniadoeiriicalr atOpogepsrat es a
dat abase_al i as go far. each _of .t he dat abases 20. The dat abase ali ases 50

pr eventOldi PBEPSHOEr e s6P 0 DT I Rh5EEs F3Dr B0 nailuEn Ea¥a

| Nt egr idyapite | 0aMBKkeed; t 6BOSHP! Be f QeHARIIRENRLEAl seE St Qrsaf gl ypaccess
corporate data wi thout fear of corruption. The database aliases also serve
t o poolp dbnne¥eryndarsiahe Pegreeddy . dandbdssisiax0 and teheramytieally t he

number fedatahase £970°GLLIRSOF SIULEST LR SUBRALL S JHGR THIDES . ©f
10 The SQL generator 74 receives user-adapted or
unadapted query models from a user and generates a textual
SQL query for execution by the connection manager 76. In
this way, query models which are graphically displayed and
edited by users are automatically converted to executable
15 database instructions and thereafter executed. This allows
novice users and other information consumers with little or
no programming knowledge to fully use and benefit from the
business intelligence portal 10.
In one embodiment, the SQL generator 74 includes
20 dialog specific generators and an SQL parse tree to
generate the textual SQL. The dialog specific generators
correspond to the different types of databases 20 accessed
by or used in connection with the business intelligence
portal 10. The dialog-specific generators may include, for
25 example, Oracle, Sybase, DB2, and MS SQL generétors.
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 illustrated




21 Next, at step 206, the system adm ni strator generates the predefined
’query nodel s 56 using the query generator 38. The predefined query nodels
56 control the elenents in a database 20 to whi ch-any parthgﬁgﬁgiggﬁqof
users will have access. In addition, the predefined query

restrict WAB4es of queries that can be executed and def PCI/US0028M@Xi numM -
conputer resources that can be used to execute the querices and the

al | owabl e joins between tables to prevent,, run-away or nalicious queries.
Step 206 | eads to the end of the process by which the system adm nistrator
;zgts up the business intelligence portal 10 for use within an enterprise.

As part process ies far users have been

o por ! q
ot | nod TROBFBRR Er o W O SEELeE RREoes: 1 ASaRe of MO AT A ARe

syst em ehgEHRESS iinicd udity dhRoi AfeilhlivEhtatddhsetregBod nlor, gensFaty ng the

predefined query nodels 56 in accordance with one enbodi ment of the present
i nvent i 8h. ARt Ard vemsod rent AS sgescriikedain whEdi dethd Indudiow s the

aut omat | |y Ig}gﬁ% t oghhhe nt Rassidle. jIn ! dat e el enents
are gr agﬁ?%al Idfl i sp ayg toégt%}g syst eméa)fldm Ri sté&g%j%ért¥§e?aci%bﬁa%?aese .

géner at oparefiche qUEny nodellSident >dataseRef 82r ised dax &1 EHBRE & ddrs whi ch
t he quer. enerat and, di splays.to a system colums of a database 20

gener at géthgﬂv‘%F 4ep§’r9ﬂ'8 %@Fho]dlhb%@msa& NCEF W ; bP BETENBhet i cal |y
i dent i f fgerpdiejusigtal or Adieat akd£31 aNd JAa N EN 2R QU Vb EhbAsh& 222, the

system adm ni strator .22 PCT/ US00/ 20693 sel ects a subset of the tables
and col 8kABdapdizedr ardi ride qdetpaaidenessl Rpdcdedi mpstwonezedi divt st ep

224, th je r 38 determ nes whet her the database 20 has full
forei gngﬂg{/{ %é{%gﬁ?gg?%}ﬁary key (PK) information. Full foreign key/primry
key informatThe aldawes detreager didspariaicd Udds ez t cabReaubonahaeinhdy d i nked.

Accor di n?I%, i f the database_20 includes full foreign key/ primary key
i nf or mePT BRI HE 9&s BRAIRR h76f i 3 BFrQCsfepthoeafedds t 0T8EeFEHB in 10

whi ch chhhfgtabl gsraee iduompddLabky rhicrked Homaladt ahahbasekn dohein
predefined query nodel 56 using the foreign key/primary key information.

Step 226efpemiset §Ot hauerRy dfeqursh® o@exs. faedshitthegni Anta heher edefdsed
query el 5 an av, ur} her i ts can.be made- by the system 15
9. @h cQ@hé !f[%ngéei' &9 T éé D azézrfcrﬁor]m\'lsr;lj}/orw1teh XHe

adm ni strator. Returning cisional™s u el gn

key/ pripaoyekey thabadned4 odnisringf ahel | @ddee e tNo et hdatadegitss onal
step 224 |l eads to decisignal step 228. At  decisional step 228, the query
gener at e 3®3@&5er itnes 2bF V\Né‘tlﬁer | ERAersdoPdk el PREF oR AR IRRY s P

avai | abbenéfpnad he Q@i@éﬁig 20 r RADMjth ON Ofcbpbdy, PTiEREY Kewiienfanration
allows parent and child tables to be determ ned by a database tabl e search.

Accor dipgpgessed fhy | thei ARryekepO-nformation is available, the Yes branch
of decisi Onai‘hét fhiltidimensional model manager 44 generates and

20 manipulates multidimensional storage models 100. As
described in more detail Dbelow, the multidimensional
storage model 100 utilizes a non-sparse architecture to
minimize the size of the model 100. The reduced size of
the model 100 improves processing times and allows

25 efficient pivot and drill operations during data analysis.
In addition, the model 100 uses an open architecture to
allow calculations to be dynamically performed after the
model has been constructed. As a result, users can create

new calculations to analyze data intersections that were




25 228 leads to step 226 where the database table search is perforned o

‘d_ete‘r‘nji ne parent and child tables. After the parent and child tables are
determ ned, they are autonmnatically linked to generate]the p:{ﬁ@feﬂigﬁﬁd query
nodel WO 01/09769 23 56. The predefined query node ma} aved or
further PPHM7HY t he system adm nistrator. WO 01/ 09?769 EAT/USH20693 ng t o
decisional step 228, if full primary key information is not avail able, the
No branch of decisional step 228 |eads tpgdecisional step 230. At

deci sional step 230, the query generator determ nes whet her unique index 5
» 'if:)nf ormati on capabl e of identifying parent and child tables is available
‘rom t he dat abase .20. |f such_unigue index .infornation is available, the
Yes bralth ofPGeEieRssS ?Pé‘ﬁn?SOgggadgrﬁglﬁaép %llﬂttjs?’ép 956, thfe

uni que pBgdexsi Nieo At i QhiisS HS@Ecéd IHML e dakabased OheRakgnt tgnd 10
child tables. The query generator 38 then automatically links child and

parent sabbPestt piyekerRde dridlpppasptaedsquery nodel 56. The predefined
del t . h i t .
query mode %&Re%ﬁgagkg@glgerw& %e egkggggeg LCBIHEN pojpe

adm ni strator. ecrsronal ste I'f unlcque ind
i 5f ormafrom iwhich avtee | goreaflr ot heanagabasel Zént t el bsanabioh .

deci sional step 230 lLeads to step 232. At, step 232, the system .
admi ni stR&t %a?%?l?ﬁﬁﬁ???]és4ﬁné’quﬁl{€e%h?l FeHRr 3 Ent stEpFER2t o

gener at grthecpeedeti nathuer yutddeti88114N thisaydy, bheiRrarefd nedrquery
nodel s 56, are 20 to the extent possible, automatically generated with

m ni mal chidenki stapRidcatit@sacti@n. MpRifiEe barsgkler pesdomzmcalat abdse

t abl es . Qf her .t her.w Sui . 11 nked. Fl is a
fl ow di@%&géﬁn&?% u?%ér‘{;?%% gg%%?}%g'for %IepIatg%‘ltar%rJ d gaﬂient a%l{?%%écl i ent
Bppl i caappbicabiansondenadwayshusad bybotenedtiesftst.ne present invention. In
this enbodi nent, 3(811 ent applicatiaons ar(f cent rail ¥ ﬁegl oyeg and. naj nt ai ned
fromthe serVBf IR hg B ehi h° badtCitded FppPLuTehdtyi sOtni t+i#PySused to

downl oafh dava #léS§ESents 110 may be local to or remote from each
other and the server 30. In one embodiment, the clients
110 provide all access, including system administration, to
15 the server 30. As previously described, all client 110
functions are controlled by a zrobust set of 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 business intelligence
20 portal 10 is appropriately controlled and metered out to
all users across the enterprise without seeming overcomplex

to less technical users.
The client 110 includes a «client. API 112 and a
graphical user interface (GUI) 114. In the illustrated
25 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 connection with the

server 30. This allows efficient administration of the




25 formng the client applications to the client 110. After this, all
wupgrades automatically by the session by the client 5 procedure includes do
nanes and versions' of "110. to the client software-are doa”e] 3@%\‘/ ngo upon
initiation of a new 110. Part of the installation/update 3 g@
mani f est WOl03/09768t i ng all all nodul es and resources on a clpcfisoliedees i Ng
to FIGURE 4, the nethod begins at step 250 in which a new connection to the
server 30 is made by the 10 client 110. step 252, the boot strap agent
on the client 110 transmits the user's nanlfest file to the server 30.
gr oceeding to step 254, the server 30 conpares the versions of all nodul es
nd resource Iis(i‘ed i.n.the 15 manifest file to current versions of the
corresp %‘Pgt 11820 fRLeFEAFCBPT RAGei pdhafuBEss ored itohainte ver 30
det er m nee Wigldygr e or all of the nodul es or resources are outdated
based on the conparison. If sonme or all of the nodules or resources are
out dat ed, t h&hgescdepta®hI oflecicomprdlsest ep 258 | efidsTavastcims2ay At
step 258, rver ergt.es.an increnental update for the client 110.
The inc?gﬁe@nﬁiaﬁ%&peda?%‘gi %@ uggs%e(?r‘ﬂ SUI ec?mmje%a?ﬁﬁtwﬁégd‘thteo S8’ 9¥pdat ed.
Néxt, aBosteBefuséheheeiclelert ansm 152t Be123%d NaleBaval pHedaks e the
client 110. At step 26.2, the client 110 updates the cli en%3 si de
appl i caCCIAYNESES onWERE | nEIF‘%nerﬁ%ﬁV%dagéx At 2Bt ePTPBRIPRIPRW S®Y5ion s

then | aerghed ehen t hadpdaeritadipie cldgitonll Uy 'ﬂ%,t ci;gional
step 256, if r?oneyz)f the cli élnt applications ar%gp%gfliSQA Z%ZP S
01/ 09769 14&nLETAYS00/ 20693

The graphical user interface 114 includes a set of

10 administration panels 116, a set of user panels 118, a set
of wizards 120, a query composer 122, a set of viewers 124,
and a property inspector 126. The administrative and user
panels 116 and 118 provide graphical displays for guiding
administrators and users through their respective

15 operations.

The wizards 120 divide creation processes into one or
more logical steps and guide administrations and users
through the creation process. This assists novice users:
and other information consumers without detailed

20 programming knowledge in performing queries and analyzing
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.

25 The query composer 122 specifies where data comes
from,lwhat 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




outdated, the No branch of decisional step 256 also |eads to step 264 in
‘which a new session is launched. In this way, the server 30 deternines
what, if any, nodul es {or-Java classes) are out-of-date, ynyS$A r
obsol ete and 5 then sel ectively pushes the correct nghuléggtﬁAwﬁ%mgser S
machi ne WOM®9Iwiot h an updated manifest. As a result, user PaTRISDUN2KEYE tO
manual | y update client software and are able to easily roam between
different work stations to | og on mﬁthoqé requiring their applications and
data files to be 10 reinstalled on each sfation. In addition, the client
-110 executes quickly and is always up-to-date while adm nistration is
entrally maintained and network traffic is mnimzed. FIGURE 5 is a flow
di agr amS89sust r dtt n§PE TR TR 15 tAGa pIRATY arRPERQRRK | Ag2a ajdaYs nodel
based QpeaPredefined queryeaBdel 36cdn AckRbfancy i Lh ong enbedigent of
the present invention. In this enbodi nent, predefined query nodels 56 are
gener atwid cdndtlhey nt@iveedpohvihegser verT® kyeary acomposératl@e awaree ovi ded
to users upon,.request _and 20 verification o ccess privileges, Referring
Lo FI URES SHHE nBt nBd PBESHe TS STEF BAIoIRT whECRS Fe MVAaR Shcel ves
& requeplerhyl aiddelISE2sf 0hat RGEOU®d NG CHREY PBdEhdSexclietled ¥y HRP 282,
the server determ nes an accessible portion of the predefined query 25
nmodel 56IH&Fed%n the user's privileges. The accessible portionis a
portion of ife qUALYes D8k o8chial MR- 14 LUe nbﬁft @%tgs%_ri'ewl N Ry
particul ar enbodi nent, the accessible portion of the pre eflneg query nodel
56 may tabdesbhe ghaphsert imapafts hepguety, nodsd pdgesbl earsy the 1iW®.01/ 09769
27 1 3,JAN 2004 PC%%?SO@/ZOGQS user., Determ.nati on_of %he accessi,bl e
portion 6f ‘THe'pr eti&fi &Od'{fer%/s%%leWS@aﬁé}ybesvéjc%‘gﬂp FSRed™y Yd&er ni ni ng
1ohe useln DPrdythedes doy t Behgreandmdel sepe bLhen fetes i ahps. t hehe
accessi bl e portion based on the user's 5 privileges. |n determning the
accessvBe¥sp&Q | e o 16ke Bt cerepereed gtier MBdefosepubhécatigar ©80amay al so
det er M,ae 3o AleCledepar Lhatiah Lhe dPURliDpGoaysty MddrRiouliy
protective portion is the. remairning or other suitable I0 portion of the
pr edef desdrdberd;, ndaed SGewss €esvaybée | hiver erdesmapshetow, Vhiewguery
conposer, 122 may c eal the protective portion of the edef.i ned ,query
model &0 oPReRREE B EATbiT® el sTLS"Ehe Br GFaLt B8 poTYTon B EhE LY
18r edef yRedigueny NPEGividdaNexiseRt sStd 28htdiey semeey 30 dawnl eads the
predefined query nodel 56 to the client 110. At step 286, the query
conpos i strabyitssl Anrd t pharede3urPPe OF6Y A0 MAFSt RECPTaBY¥T OFOYP§uUSty node
56 to e M4t ONE Ao AV r.,122 displays a
graphit(‘::glf gg&féﬁﬁb Q%%ces§?%%%n%%téﬂglg%§%¥§8§gpgﬁﬁﬁl'the predefi ned query
nodel 56. | widisipl ayheg vhewarceszd bl @ poabilen, vieweguel30 caispideaysl22 nmay

6
., _th t ect ed ti f th def i ned. - mpdel . 56. _t. t
i 1 g ARGTBE ST hos 0P TRAS (o {TOR08 Broc deidy (8 SPERS2IIS he

2query ¢goppesanyl2Zereesi s dsetaediing tifothe Hadefbnelogingy idedel 56.
User edits may include the selection_or desel ection of database tables,
col umberauske Hat BEQYA desh| R, O¥RI LS et e IhelBAPEBAEEOR aBISes.

Next, 8&935?&e%90’ &Hetﬂﬂ§f¥a59€p%%@w, JséréANé%x%hd filters, add

calculated fields, and adad summarys -and* subtotal
information. Columns can be rearranged, hidden, and
25 otherwise modified. Content can be sorted and viewed at

different levels.
A report viewer 132 displays data in a report format.
A report view provides a robust, banded report format and

facilitates automatic report generation and distribution.




WO 01/ 09769 PCT/ US00/ 20693 11 28 |22 generates a user-adapted query nodel

128 based on user edits to the accessible portion of the predefined query
"nodel 56. At step 292,-:it he user-adapted query nodel 128 ii gpwgﬁg to the
server 30 for execution. 5 At step 294, the SQ generator '7 'fi cally
gener at esWQ 0W8%78hase query based on the user-adapted quer yPODESPO/ 2B The
dat'abase query conprises textual SQ that can be executed by the connection
manager -76 to performthe query. At step;296, the server 30 receives the
results of 10 the query. As previously described, the query results are
initially stored in the server 30 by the cache manager 42. Proceeding to

deci sional step 298, if the query includes multidinmensional analysis, the
Yes braRJa(ﬁ?]iﬁ deltsi &#aqe T‘fep‘_"‘2ﬁ§én13§adLskdltegdﬁ epa%%o CelMEh alBs an
mul ti di RepseRalivd ogagghiedel dHd grs eRner ot ed hasra-Onwhiee! ety Al

step 302, the nultidi nensional storage nodel 100 is used to generaté€ pivot, .

drill tieed@yHatdmnot hersUbesa ks r e @RIPEAASy t hBeaders Ret daviteys.0
deci si onal,. +st.ep gl i di mensional 20 analysis is not indicated, the
No br an%ﬁ%%sde(ﬂa%s%?%%%p}gyééﬁ% | eads to step 304 in which requested
sbngl e di mrensi anedpki sviewaene Yehedatpdapasegiaph thiewsienf rdsttht $n St eps

302 and 304 each.leadvﬂt}]g %e&)i Si o(gal ?Jte 306. At decisional step 306, the
server 309Fet EPhi kY t HeP t FRAudel PR 25 ghRe§e 358 WA be
stored figlclhdleSr reuSeexdhplde Wl dssé!es iR ,Sayeatherquesyg meelar128,

the Yes branch of decisional step 306 |leads to step 308 in which the query
nmodel | gréphed t oWhidel etedeindr wibhi @ 3Bagfh t heserser asm ackangei thhegr oup

58tov\ﬁi t ser.h S:..S 29 a i No _hranch

deci sio a%?%’tle?: G&éagﬁn?%glgﬁt 8%?%%%%2‘3? gtae%ﬁ’ngg.l% %eg}lsfggr%alo(%;t ep
300, theheeryeigdfiadet@atanesandicedraw thel gi@ivenesohtd ad&t&0 be Heored as
an historical 5 snapshot.. If a usgr selects to store the results as a

snapshoB8F* WARY hFaRc R dRei SPaRIPds o8 B F%&dSQX)%QEBiQQZWW?VmiCh
the quengdoedd tish & gk BEednt 002dee!, ealkedhelar tf0!d1pa8i nSt ERe3L2pAds to
the end of the process by which a predefined query nodel 56 is provided to
10 a usPropexrtagsptati on and custom zation. The predefined query nodel 56

i s displayed,and.alter L.ng gr lcal_ vi f ta el gn .Ihj s
facilitates erb %tgo%atgggﬁgkys%gsbﬂg%l%ssergﬁ\g;r? agﬁg\%? ng\glg?%%a’s}él to
eEf ect i wallyidimeiedidradll £ onf eubeti, odata ialpney emopeipl é odsméhsiionfai.n their
organi zation. FIGURE 6 is a block_diagram.illustrating details of the query

engi ne 8bisn addergante Skt thneséﬁ‘ﬁ’Sqi A8t diCehel PFE¥BALIPAVeRLH I n
this enmpodiaRake (DEMAHSIYnENYNGB | Afttdsne biehberafvdlat gndiihers 84
and an 20 intelligent dataset 82 operable in response to a query request to
i dent i f petdyittles | abdargenterwsney duf aadr isRrersyise . per fidvan pH¥otequest .
The integlljige et . LS. furt r . d 1 he e ssary
or der o “eHe SRS | b8ttt A CRE A ExbRel S M Eh ST AT

2loi ver alaiowscoipersi ngot heenfores satyi datdowdr,i velrd 184 4p binel néedddary

order, and to_execute |n order the data _drivers 84 _.in the drjver chain.
through analysis. As described in more detail below, the

multidimensional views are generated from the
multidimensional storage model 100.

A browser viewer 138 provides a built-in, cross-

25 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.




Referring to FIGURE 6, the intelligent dataset 82 generates a driver chain
,320 in response to a query 30 request. The driver chain 320 includes
data drivers 322 necessary to performthe requested query] IRANIZ084 dri vers
322 are dynanically selected fromthe library of available data drivers 84
and or deM&OIR’8he i ntel | i gent dataset 82 5 based on the F&YSWRHPEst. In
one enbodi nent, the data drivers 84 in the library are derived froma base
class for which all interface nethods cald the next driver in the chain. In
this enbodi ment, each data driver has a chain priority for placenent in a
“sanme relative position within 10 the chain 320. As used herein, the, term

each neans eygLy %)Iﬂt?t {8854 13 UBSHS cgli[% iug‘gs;g]} I et | t@pBng&or the

illustrated enbodi nent, the driver chain 320 | ata drivers D1, D2,
D3, andiixpldiat a pdrapaxrtilEs peefor s apéetibudlarabaskewper at i &n whond

t ted 1 ds. Th t d d t t by dat
1 ver SRS R x i by FIRPETHY, vEIRCTB A4 | 96, BRERERtper | obRY the

r equestigd $eandbdiimdie, SaHeedpabgergexeflspatfotecnres. applidss vy, the
nodul ar query engine 80 enpl oys standardi zed access nmet hods to perform 20
dat abastanaes eyNiAe OReddlet | SEFREIpoFPal2 WP HedFCESt bR QIR f or

par ti ¢4}l da pPasentueionts i chinCasta Lo O oYl des aBd sl A S e

business i ntelligence portal” 10 1s reduced. FIGURE 7 is a flow di agram
i1l ustrndie roperay i bnspécksért h22 nodul ar query engine 80 in accordance with

one enbodi nent of. the esent. i nv ion., Referring to_Fl 7,. the nethod
begi ns at stEPIRAH°Fh %Fcﬁeéeageﬁg%r e STEY eg%i 9&d t%REﬁéSJir?ﬁ%ﬁfl i gent
dat aset; 2.1 Nyéncat pbeRal42,1d headdt ekl i genlatdafiaset182edynam cadhy

selects data =~ 31  drivers 84 fromthe library necessary to performthe
Ifuery ERRRISRTisR octREPHYRESORL ePtBAGtUTRe RAfel Prg¥ALeFat dsetSHI\1le

det er mes, ¢ he,or der,qf, dagg, dri NeEg, 88ACCRRRAYY, t Oreporting, and
analysis which are inherently extensible for a wide range
of users. Because the business intelligence portal 10 may
be fully integrated aci‘oss an enterprise, the portal 10

15 facilitates routine enterprise-wide analysis delivery and
sharing of information. As a result, far more people
within an enterprise will be able to make regular and
productive wuse of data that already exists for the
enterprise.

20 FIGURE 2 is a flow diagram illustrating a method for
initializing the Dbusiness intelligence portal 10 in
accordance with one embodiment of the present invention.
Referring to FIGURE 2, .the method. begins at step. 200 in
which a system administrator defines the user profiles 52.

25 As previously described, the user profiles 52 provide
permissions for users to utilize features within the
system. Next, at step 202, the system administrator
defines security groups 54. As previously described, final |

security rights and privileges that a user inherits are the




5 performthe request. At step 346, the intelligent dataset 82 dynam cally
.constructs a driver chain conprising the necessary data drivers in the
necessary order to performthe query request. Next, at step3348N 200
intelligagilﬂghsset executes 10 the driver chain to performthe query
request . Y%t he driver chain, the datasets 82 are execkEEYSPRIEN er
with each calling a next driver 84 in the chain upon conpletion of its own
execution. As a result, the query engine®0 and dataset 82 are application
i ndependent and can be easily 15 nodified to support new functionality by
@adding data drivers 84 to the library and progranm ng the intelligent
dat ase o Hihel §-f i AN I S k diagra
illust trué%%rrllgs%ﬁet 51}[1:352 {))fr gnfltrul ??laa}lkn’?r?sh}%nS[!Jggth%r“;agaegrr@fgﬁ&i%% iq‘ﬁ1 g]?:%%rdance
wi th omee20 rdfodieenb2ofantthet beegdmghtisvent ieach | sethisteneptbugnss t he
storag . utilijze non-sparse architecture to mnimze the 'size
of the%ﬁb gﬁcfo%% Fﬁ'éﬁﬁ%?ﬁ%ﬂ?n?%e storage' nodel 100 uses an open
ar chi t ect ur @roteedinew asb cukaebon do, betldé’nagggﬁbﬁb’ R {®EraEbpr the
nodel 25 100 is constructed. Referring to FIGURE 8, the nultidi nmensional
St or ag@SRSFeL P0G GRRIARR alipst SPF Foreadlenofi FRfsidatamBes s2ot 362
for a C i L Te I L0 t 0 Lh.entries and
associg?ghqgﬁ%gﬂvg%H§2§§§$faé?§dgkg%%§§ 3%#?%%80?5%29§£$$%%$at%ﬁt% ase
whi | e th¢abakesl dtredoddaendiomnmalintsidéHatont dnnedatia ycahed! atcedndlased on
t he ex%racted d% a ﬁpr the il|lusirated enbodi ment eac@g&inension sl ot 360
i ncl udd$ aR°SRe 9 st ordge 370 SRGPRIGPTenddSHE St ofQgeSBLSEY, TRCEFR ry

st or ageo¥poraest aldsa awithdft ngBagpPasse ARSI 4 f orhbheggospespondi ng
di rension. Preferably, only non-sparse entries are included . The entries

1874 repldgsnt cdMBPnaZeTYeditRnPenhl Srnnect bems edch itdemt iFhysical -

associ vahu 6. i e e y 374 .ncludes a
pointe?gﬁgbgﬁégas%%csgggd‘:$$58€glEggggégﬁzg?%rﬁgpwégfy?&éhéﬁﬁ%%%g%%Jues
376 camobeestbond ateanuiwed htoheswmpores a378atrget haindidy yost atlaipent3y 0. Use
of the gginters and separate storage of the data value 376, however,
inprov% ef ficiency and processi ng speed of the 15 multidi nensi onal storage
nodel 100. The di nmensi on storage 372 includes the data val ues 376
associated with entries 374 in the entry storage 370. The data val ues 376
represent uni que di nensional values for each dinension. 20 A set of

i nterdi nensional links 380 is provided for each non-sparse entry 374. Each
interdinensional link identifies an intersection between non-sparse entries
374 in different dinensional slots 360. The set of interdinensional |inks
380 includes one or nore 25 interdinensiorial links. In one enbodi nent, the
i nterdi nensional links 380 are bi-directional to allow efficient traversal
bet ween the di nensional slots 360 in either direction froman entry point.




The interdi nensional links 380 collectively identify all intersections o

_between non-sparse entries 374 in the dinensional slots 360. Accordingly;
all intersections, including non stored enpty interseptioTs%‘ﬁﬁﬂ ﬁ@t
determned 5 fromthe non-sparse entries 374 and traversal' of g
interdi MEAGLBNE? |inks 380. In particular, a null interse®GIi09ee6ken
dat abase entries in a first and a second dinension i's determ ned by the
| ack of the database entries in the nodepjor the | ack of interdinensional
| inks 10 380 connecting the entry 374 in the first dinension to the ' entry

'\ﬁn t he second di nensi on. Non-sparse intersections between entries 374 in a

first and s d di i.on determ y rsi e

i nterdi rrens?%g%l’ %ﬁﬁ%ig@o %?%‘m '?h% rsgr}ecﬁt?eaaen%}‘quf%i{n%c{%g ?r?es]fat hensi on
to thetht speedéfededntqyery tielelecoBd8 diasengi atheanduelen gdiatatowy the
data value 376 associated wth the ent 374 in the second di nension. Data
and i nP8r matiftsh %?‘g?ﬁéﬁequﬂ"rezﬁ’ef‘é#e%% %ﬁeCPﬁFEP.i i@r%?erﬁ%r’afbe model
100 isgouipudpgos fiuther WhoeRSHMY pardasenidiedstr o eydetai lw20, bel ow
The cal cul ated di mensi on 362 includes a set of calculated values 382. The
Sal cul hewe \atarss 382 ki eaddigdonderihed pregaipmeaibf guedy sededisations
reques u C oran it e tidi j ) age 25
nodel %ggtt}'yf' gs, ef i I{éj%ﬁgpn%?ti I ne%%%mon%}féé;t ocrrgglgeb%ogg?&i‘ggg%ro%/r%es an
open adeliihectthe maxdimuow cahputati arsscaft@ss i thatr ezdn obe aeeenpodr aneous
cal cul ati ons requested by t i nodel . are precal cul ated and

he user w th
st or edS¥gcUte thE RPHLZE p?r’&%eg ?n@ﬁﬂ@%]& edPiBA FeMFETdRALeH0 and

to iWDEBY?rE%r&P%%"HwaW'éf%&?ﬂék@ﬂé' qaliwd s. FIGURE 9 is a block
diagramifllustrating exenplary data 400 and an exenpl ary nul tidi mensi onal

16t or age nod&ktep KNG f beadhe tex dip aepddafa Uo9: pRefessi by wBLiRhGURE 9, the

exenpl ary, data_40Q 1. di io nd . al t | (rensi on
C3. Di ﬁgﬁg Fon rr}lr?cﬁrgl}!(fle%e Uni q%%géntgé \C/Jgp%es b%s %{Edsa%d %wvﬁi%]]e%eg}ér%nsi on
C2 incpogesiuni guecentuyevalitgdsi®, ah, enté&rpandell The gadwewil afectish nensi on

10 C3 includes calculated datg values_1; 2; 3; 4, 5, and 6_corresponding to
di f f er BREUPr AFFAGGRY CRPEDLSSIONS I SREFPES yf%’f oHE§ESnBdYe I ncl udes

di mens;| g@;hea' e AU £ Of o ALEBRY AN e dB0akd AR ok ¥ed digmnsi onal
slot 4 or calculated dinmension C3.." In the 15 Cl1 dinensional slot 404,
15he di webhbion&hestsorsdiggm 410 i ncl udes uni que di mensi onal values A B, and C

The entry stqr 412 .i ncl udes_entr] it i t.he dat | e e

associ at ed Eﬁaﬁ%‘é it efs t g gwda(%%éixz Iﬁﬁeéalggr% e{—‘rlly? %hgle ong frfeoﬁél onal
sl ot 4@éniRekytes Yhequprdded ivaldieguBryE, mddels GseantinH ddrakidenss onal
storage 414. Entry storage 416_i ncludes entries assocjated with the data

val uesWaElB poRft FECPRIPEBREJPE Ve LTIFRYY ditFRIRIIGHRR - i nkR 438'F denti fy
i nt ers?%b&@ﬁxgg t“'eensﬁ@&iggéd andiddwis datigniid then€l apdgeld di mensions.

14 o

The cal culate imension 4 o
20 automatically linked to the extent possible. In addition,

database elements are graphically displayed to the system
administrator to facilitate generation of the query wmodel

56.
Referring to FIGURE 3, the method begins at step 220
25 in which the query generator 38 automatically identifies
and displays to a system administrator the tables and
columns of a database 20 for which a query is to be

generated. Next, at step 222, the system administrator




25 includes calculated data values 1, 2, 3, 4, 5 and 6 associated with
.predefined intersections of data in the Cl and C2 di nensions. ﬁr t he
exenpl ary storage nodel* 402, it can be determnm ned,™for exhrﬁpﬂé, E@t ‘entry
values A_and D.in the 35 PCT/ US00/ 20693 C1 and C2 di nensi ons i ntersect
in that tHAYPV%E7E connected by interdimensional |inks 420. RGT/ES$00/28693f ur t her
determ ned that entry values C and D do no intersect in that they are not
connected by interdinensional |inks 420.25% Entries are connected by

i nterdi mensional links if any one or a series of interdinensional |inks
_’ijgonnect the entries. FIGURE 10 is a flow diagramillustrating a nethod for

ener at | Si | ¢4, di Lan S i dance
N th oG b5 Mo e b St ol Ryoar fon IO Rear MG TSR AL 10
t he netdgodrpegpdelatéstep 440 in which the mul tidi mensional storage nodel

100 i ted by.th | £ di ' I 44 |
auery T equoser ERACHAPHALRt I HELTREL BF R nalduoryer GhiRSt STRESRERry

request 3 gpaeikires niekRe whdEns OBheaihtdtarel 2 ol HBHSEANS fIrditth key
nmul ti di nensi onal storage nodel 100. In one enbodi nent, the nultidi nensi onal

fodel nmhRRYEPTIMayEner KE¥s t HEKI t i IdiRemsitdma- st or agbodel £Q0B1GY first
fetchi : r rs C tas, ;

di monsi aanl PUATEES Ry RO A SALIGRE B804, IF Rusiid nqlfes
each dibendeormhtomdtibcally datrekedcor dccbhedimbiliydi nehsitteal davaedsaanager
44 determnes..if. the_di ional value is present in entry storage 370,

i nwhi chéglas}élclltudr?aqy B‘éig‘saﬁ?ref‘fg?h ea'?ﬁﬁﬁ@gﬁ?ﬁ'al Kal E@%P 52 BresE® in the
entry syosagfradich oF eabeYs3bhalls stept 34251884t he, digriysi enal yal ue in
entry storage 370 and the correspondi ng data _val ue 376 stored in dinmension
1t or agew3¥oh | @héldherabdss, @re diantimdadisaddy ndimkedvdigedrd¥emt| eft to

(L9 OS8R Vs ChUERBtOla | yakhy B9ET. SSBIG! BB Ao BuEA 1Y
key/primary key information. Step 226 leads to the end of
the process. At this point, the predefined query model 56
can be saved or further edits can be made by the system

15 administrator.

Returning to decisional step 224, if full foreign
key/primary key information is not available, the No branch
of decisional step 224 leads to decisional step 228. At
decisional step 228, the query generator 38 determines

20 whether full primary key information is available from the
database 20. Provision of full 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
25 228 leads to step 226 where the database table search is
performed to determine parent and child tables. After the
parent and child tables are determined, they are

automatically linked to generate the predefined query model




10 15 20 25 WO 01109769 36 reused while links that are mssing are .
_created. In addition, for the right-nost dinension, data values fetched fo
the record are added by the nul tidi nmensi onal nodel nagager ég.l&] Wl | be

understood that the nultidi nensional - storage nodel may1 Q& se
sui t abl y wenresgsed. After the nultidi nmensional storage nodetr/iS6b/i0893
generated, step 440 proceeds to step 442. At step 442, the multidi mensi onal
nodel manager 44 receives a view request gor a subset of the specified

di mensi ons and/ or data v di nensi ons. hbk%, at step 444; the
“gultidinensional nodel manager 44 determ nes traversals necessary to

~generate the view fromthe storage nodel 100 and a starting point for each
traversaf: Therhe alryredfisined o FHSEYheBOBE 1t NBa¥pekhenedbdi nea¥EEnsoand t he
starti ng,pehbt gaigghrﬁyd%%%rg&gggmbgaﬁqnggtPng&he nmodel 100 is organi zed:
I n one enbodi nent, the fultidi mensional nodel nmanager 44 retrieves a first
and a next record fromthe nultidi mensi onal storage nodel 100 using a
bottomup, right-to-left recursive novenent. In this enbodinment, to
retrieve the first record, the multidinmensional nodel manager 44 positions
a first dinmension selected for display to the first entry storage val ue.
Next, all parent entries, which are those to the left of the first entry,
are positioned to their first entry storage value. Child entries, which are
those to the right of the selected dinension, are also positioned to their
first entry storage value. For the first record, the nultidi nmensional nodel
manager 44 then retrieves values for dinensional entries at t hese
positions. To retrieve the next record, the nultidi nensional manager 44
attenpts to nove the right-nost child in the view If the right-nost child
is novable, it is repositioned and the data values fetched at the current 5
positions within the multidi nensional storage nodel 100. If the right-nopst
child is not novable, the .rmultidinmensional nodel nanager 44 attenpts to
nove the parent of that child, which is the entry inrediately to the |eft
of the child. If the parent is novable, it is 10 repositioned and the data
val ues fetched at their current positions in the multidi nensional storage
nodel 100. If the parent cannot be nobved, an attenpt is made to nove the
parent of that parent, which is the entry imediately to the left of the
first parent; and the process repeated 15 until no parents remain. At this
point, the end of the' process is reached. It wll be understood that the
traversals and starting points within the rnultidi mensional storage nodel
100 may be otherw se suitably determ ned. Proceeding to step 446, the
mul ti di mensi onal node | 20 manager 44 traverses the nultidi nensional
storage nodel 100 fromthe entry point across connecting mnultidi nensional
links 380 to determ ne the exi stence and/or value at a specified
intersection. At step 448, the nultidi nensional storage nodel 100
determ nes any value at the specified 25 intersection. Next, at step 448,
the mul tidi nensi onal nodel manager 44 determ nes whet her additional
traversals exist for the nodel 100a If additional traversals exist, the Yes
branch of decisional step 450 returns to step 446 and the renaining
traversals are perforned and
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25

ormation is not available from the database 20, the No
branch of decisional step 230 leads to step 232. At step
232, the system administrator manually identifies and links
child and parent tables to generate the predefined query
model 56. In this way, the predefined query models 56, are
to the extent possible, automatically generated with
minimal administrator interaction. It will be 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. 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




Wthin the portfolio window 494 , each of. the views is separately
.di spl'ayed in a discrete view wi ndow 496. 15 Storage of the views in
discrete files linked by the portfolio and displ ay 'of\)' t helrelJaNedody ews
within the portfolio wi ndow 494 allows rel ated docunents to be easily
or gani zewotoageteher and efficiently displayed to a user. | pcrassoogcesdsr, the
portfolio wi ndow 494 provides a commobn 20 wi ndow with a single data
‘interface (SDI). The discrete view w ndo%% 496 are displayed within the
common window in a nultiple data interfa (MDI). It will be understood
: ? hat . ot her types: of related. conponents” may.. be discretely stored and
“linked together for display through a conpound 25 file. FIGURE 12 is a
scr een hEgnem Fheustii@nthgeBPdispraPnd fdowtBe0 dldEnidi AgOvi e Hig% ons for
navi gat, bet n I Vi [ paritfalio | da Wi ne
enbodi r#eﬁr;st%’of %\ﬁg pﬁlg’ggn%tﬁélsnvgl\?i o?ibgRe%Irlr%\dg t%‘gf:?%gilgé %%40 ddh
PCT1l 30/ dAiT-dPl vt by dibpl ayewwendod b00pbncl imtesiat henu dfar abGiew th a

variety of pull do menus 504 dj sposed al gng,a t.op edge of the display

wi ndow SREFIA 1% t\'f\%%tr cgééni s %s'pos%?irF di %elﬁp%@q&ﬁqw)r%&f??tb%r 502.
e di glcedmrdonnePiassi Mawitasad et al et fedow BO8eand ok ipwRy tfxl i o

w ndow 510 as previously described in connection with catal og w ndow 492
and pomdnss AN naevE108s PE eHd iNediste st aUd e KBEQLFERS, OF & SiRiws 512
are maxi,4 zed with the portfolio w ndow 510 to provide 10 optim zed

viewi ng.” To all ow navi gati on between the maxi m zed w ndows, view buttons
514 are proRefEring esporBESURE naxi miwat mehhofl degindowablztapd 2BGpl ayed

as tabs, al ong .a top edge of the portfaolio w ndow 510., The vi ew buttons 514
are ead JPEtEDI 8 T SPPBGCEACTs £ B dSEEVRF ndiw BﬁZmQéet Y 415 ve

4 ndow dijn JrRSPQABE 10 Mt isvld 0ns2Thi ghal |yse Ustirtad 0 agkeingk| ¥nantheasi |y
navi gate between the windows. As a result, users need to constantly nove,
cl ose, dpemt ahkD riesanemptAdoWe tusar '@y ranbfedt diidester &dg el sPar at e
files. 1e view buttons nmay be ot herwi se 20 displayed or generated in
response to other suitable events. For exanple, the view buttons may be
gener at ed amtrdddg®miindi st wtegowe becondse atsdreeat SObstampaakby thelden
from di splay by an oveﬁnyi g% wi_ndow. Thus, as soon as.a_ _user .i ndi (‘ﬁat es t hat
z

u
a w ndFfFEHERY Rf meR dud s, o NG onEFSOBF CBP s plravEiES o Wby’
W NdOW,nh (MBW DUtition R R R IeRRNHA Bshd Ofoft ha i Ny s hendaver ed.

The view buttons 514 may be positioned i ndependently of a correspondi ng
wi ndow.filltass in heye negrverdBdpl ayed defhebapal oSbepr %6t e Theorgerver
Corresgﬁpmdg{éﬁéggg% whé her some or all of the modules or
resources are outdated based on the comparison. If some or
all of the modules or resources are outdated, the Yes
20 branch of decisional step 256 leads to step 258. At step
258, the server 30 generates an incremental update for the
client 110. "The incremental wupdate includes only the
modules that need to be updated.
Next, at step 260, the server transmits the
25 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 update-to-date client 110. Returning to

decisional step 256, if none of the client applications are




Al though the present invention has been described with several enbodinments,
.vari,ous changes and nodifications may be suggested to one skilled in the

art. It is intended that the present invention enconpass such ¢Amnm$ and'S
nmodi fications as fall within the scope of the appended cl ai ns. 42

VHAT |S CWaIMED749S: 1. A net hod for managi ng and di spl ayi ngcirRised/eshe3

I nformation in a graphical user interface, conprising: 5 storing each of a
plurality of related datasets in a di screte file; storing a compound file

|l inking the discrete files to each other; 2§ splaying in a graphical user
~jnterface a comon 10 wi ndow for the corrpound file; and displaying wthin
“the common wi ndow a_di screte wi ndow for each discrete file. 2. The met hod

of O ai ﬂui:,d_aftlﬁq'he'r:h@orﬁﬂi%?ﬁ{?;CIISOSft di‘?%fgsje%r@ﬂ oftehe 28iGscakse tlielaeis
separal ey 4feb g cOMeURlibrl d Sreyd oA IPUIOY Ol Chabm 1 furbher

conprising storing a to each o I'scre
file. 4wathe nhehoslem’reﬂ &ion detbumtihes odgy ) siifig #hepl MHdG ddhe (egmon

Wlndowgn a Si %‘F gta |nterfacef(§DI) and, the discrete windows in a
nul ti pl 8398t aSiACETdce®28 (RBF)©! ©. 430183109 netod obselrkragrag and

dsspl aythendi $PPEat eveaya plsis t€hd WeRireldt andltsi &8ss ol @}gé'hg RGE
portal, conprising: 5 storing each of a plurality of related data VI ews in
a di Scrg@gmgee 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
10 reinstalled on each station. In addition, the client 110
executes quickly and is always up-to-date while
administration is centrally maintained and network traffic
is minimized. '
FIGURE 5 is a flow diagram illustrating a method for
15 adapting and executing a query model based on a predefined
query model 56 in accordance with one embodiment of the
present invention. In this embodiment, predefined query
models 56 are generated and maintainéd on the server 30 by
an administrator and provided to users upon request and
20 verification of access privileges.
Referring to FIGURE 5, the method begins at step 280
in which the server 30 receives a request from a user for a
predefined query model 56. Next, at step 282, the server
determines an accessible portion of the predefined query
25 model 56 based on the user's privileges. The accessible
portion is a portion of the query model 56 that may be
viewed by the user. In a particular embodiment, the.
accessible portion of the predefined query model 56 may
also be the portion of the query model editable by the




storing a conpound file linking the discrete files to each other;
_displlaying in a graphical user interface a common 10 wi ndow for the
conpound file; and displaying within the comon w n,;gtqw a pi S Et i ndow
for each discrete file. 6. The nethod of Claim5, further éo% 129 g 15
storing WEH/0876%t he discrete files separately in the conp8GRASKHREIS 7 The
nmet hod of Caimb5, further conprising storing a link to each of the

di screte files in the conmpound 20 file. 58 The nethod of Caimb5, further
conprising displaying the comon window in a single data interface (SDl)
~and the discrete wwndows in a nultiple data interface 25 (MJI) . 9. A

“‘met hod _f or_ di sp i i.screte wn i I, i cal__user interface,
conpri ﬁsr?d‘?' gen?%\eat%%a%&log%w t?mtg%\gfsora%g%fgl%rl;%ta%m K3w 4R 3(5>f(rae§ Shse to
the fi ateds fidoyd beeprdmg amddedst sebstmayi aldey hiaddemglricsnat spiay by
overlay of a second w ndow, displaying the view button; and displaying the
first \ﬁeﬁmlir}ﬂr?%sﬁg‘?seu?%raﬁt Brtidieass t he gy guetyn model angy "1

The nethed) e ahih Ongf HhENaLcEQMRHIS b HiH BHIL tHE Ehgwu%%&t-%

outside of the second Wi ndow. 5 11. The nmethod of Claim9, further
Bonpr i g idiegssyi ng the view button outside of the second w ndow al ong an

Gener at i ng. he. ViR BULEORT or o {EFat TR hcw | RoPEShoe o tRES el
W ndowphreciafiing:d ampe £ enydbil dden frhemsdirsjerays bymoyesl sy akrekmisecond
o e B 008,96, 08 Sy Lhe,seong wndow 15, qorpy 1 =i g an
act i ve 3wiBTHRE p p query el 56

protective portion 1is the. remaining or other suitable

10 portion of the predefined query model 56. As described in
more detail below, the query composer 122 may conceal the
protective portion of the predefined query model or
otherwise prohibit edits to the protected portion of the
predefined query model.

15 Next, at step 284, the server 30 downloads the
predefined quexry model 56 to the client 110. At step 286,
the query composer 122 displays the accessible portion of
the predefined query model 56 to the wuser. In one
embodiment, the query composer 122 displays a graphical

20 view of accessible data elements defining the predefined
query model 56. In displaying the accessible portion, the
query composer 122 may conceal the protected portion of the
predefined query model 56 to prevent editing and/or viewing
of that portion.

25 Proceeding to step 288, the query composer 122

| receives user edits to the predefined query model 56. User
edits may include the selection or deselection of database

tables, columns in the database tables, and joins between

the database tables. Next, at step 290, the query composer




14. The method of Caim9, further conprising generating the view button =

. for the first window in response to the first wi ndow becom ng conpletely
hi dden from di splay 20:by maxi m zation of the second w ndO){v. :}g&l\,\éﬂiﬂﬁt hod'
for supporting efficient navigation between a plurality of va a
di spl ay, %%Pdﬁ " ng: generating a view button for each. of POnESoN2068% e 25
w ndows hi dden from di spl ay under an active w ndow, and in response to
activation of a view button, displaying $ge correspondi ng wi ndow as the
active wi ndow. 16. The nmethod of O aim 15, further conprising 30 displaying
the view buttons as clickable tabs along an edge of the active w ndow. I

Loas 17, A di wi_n f raphical user_.interface, conprising: a
first Wlfzn o%r,ghépéeégcgng%&% ocgvaé?eﬁeggfaré’uﬁ‘&%ﬁ#i g??y%‘ﬂ%f’d%noﬁ“r HFfdi spl ay
under tédisrsio wehdovgcamsisible evpdntich RESI thenedrendeneRdenlyof the

second w$dfw the_vi ew button operable to display the second wndow in
r espondBCES! a2f i vaPFoRtePo 288, The diSeF a§daphEswaerst aieday, 12ar iker

conpri si ddeq i s et s On 8- sphaysd a al ong an edge of the first
active v%ow. 15. 19. The display w n%ggvut(‘):?%a'ai m 17, the first active

Wi ndow conpri&i ngtep maRPhi zedhsi ndidl 2gendrsyerem7ior amnaghbgcably
means. et S 0¥ caarabARE sk FooBR i S haedeacnied, dheETere
file; model 128. The database query comprises textual SQOI that
can be executed by the connection manager 76 to perform the
query. At step 296, the server 30 receives the results of
10 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
includes multidimensional analysis, the Yes branch of
decisional step 298 1leads to step 300 in which a
15 multidimensional storage model 100 is generated based on
the results. At step 302, the multidimensional storage
model 100 is used to generate pivot, drill through, and
other views as requested by the user.
Returning to decisional step 298, if multidimensional
20 analysis is not indicated, the No branch of decisional step
298 leads to step 304 in which requested single dimensional
views are generated based on the query results. Steps 302
and 304 each lead to decisional step 306. At decisional
step 306, the server 30 determines whether the user-adapted
25 query model 128 will be stored for later reuse. If the
user desires to save the query model 128, the Yes branch of
decisional step 306 leads to step 308 in which'thérquery
model is saved to a selected portfolio 58 of the user or a

security group 58 to which the user has access. Step 308




means for storing a conpound file linking the discrete files to each other;

.means . for displaying in a graphical user interface 25 a common wi ndow f or
the conpound file; and neans for displaying wthin the conpoh JANN@0H% a

di screte_w ndow for each discrete file. - 46 21. A systemfor managi ng
and di spYQMIY6%i sparate data views to a user in a busi neREHYRWP§9Gence
portal conprising: 5 nmeans for storing each of a plurality of related data
views in a discrete file; neans for storasg a conpound file linking the
discrete files to each other; neans for displaying in a graphical user

* ynterface 10 a common wi ndow for the conpound fil e; and rreans for

di spl ay hi r ea | sgrete
file. EQE@A%t h@ %&Qn(?r{gg%%mg a%{sgll(g‘[k) aylegntg I¥V|el at ed h ?grgatgén in a
gr aphi ccisiemainterdmc®l 0 conpri si ng: storing each of a pl ur ality of

rel ated datasets, in. adlsretefll stori ound file linking the
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separ aetHek a1 £eb@18iSphYing ba 3terephiealadiselsioteEiace a
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data i nte ace
- 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 is provided to
10 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 uéers to

effectively use available information to improve operations
15 within their organization.

FIGURE 6 is a block diagram illustrating details of
the query engine 80 in accordance with one embodiment of
the present invention. In this embodiment, the query
engine 80 includes a 1library of data drivers 84 and an

20 intelligent dataset 82 operable 1in response to a query
request to identify from the library necessary data drivers
84 to perform the request. The intelligent dataset 82 is
further operable to determine the necessary order of the
data drivers 84 to perform the request, to dgenerate a

25 driver chain comprising the necessary data drivers 84 in
the necessary order, and to execute in order the data
drivers 84 in the driver chain.

Referring to FIGURE 6, the intelligent dataset 82

generates a driver chain 320 in response to a query




- 47 23. A systemfor managing and displaying related information in a

.graphical user interface, conprising: software operable to: store each of a

plurality of related datasets in a 5 discrete file; store a conmpound‘file-
linking the discrete files to each other; display in a grdpBi AN 288er

I nterf acgy@ofyoy¥g®n W ndow for the compound file; and 10 di Lthin the
comon w ndow a di screte wi ndow for each discrete file. 24?@/&R}séyoi>%(ggéfor

managi ng and di spl aying disparate data views to a user in a business
intelligence 15 portal, conprising: . sofi®are operable to: store each of a
“plurality of related data views in a discrete file; store a 20 to each

‘ot her; display w ndow for the coy display for each discrete conpound file
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drivers 84 in the library are derived from a base class for
which all interface methods call the next driver in the
chain. In this embodiment, each data driver has a chain
priority for placement in a same relative position within

10 the chain 320. As used herein, the, term each means every
one of at least a subset of the identified items.

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

15 records. The returned records are next sorted by data
driver D2 and indexed by data driver D3. Data drivér D4
then performs the requested search on the sorted and
indexed data records. In this way, the modular query
engine 80 employs standardized access methods to perform

20 database queries. As a result, the portal 10 need not be
customized for particular database queries and the cost to
provide and maintain the business intelligence portal 10 is
reduced.

FIGURE 7 is a flow diagram illustrating operation of

25 the modular query engine 80 in accordance with one
embodiment of the present invention. Referring to FIGURE
7, the method begins at step 340 in which a query request
is received by the intelligent dataset 82. Next, at step
342, the intelligent dataset 82 dynamically» selects data




_ 49 _ 26. A systemfor managi ng and di spl aying di sparate data views to a

_user 'in a business intelligence portal, conprising: 5 a discrete file
~operable to store each of a plurality of related data vi em; gchz ound
file operable to link the discrete files to each other; a r apni cal
user inteVPatR78perabl e to display a 10 comon wi ndow for waeusespesend fil e
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20 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. In addition, the
storage model 100 uses an open architecture to allow
calculations to be dynamically performed after the model

25 100 is constructed.
Referring to FIGURE 8, the multidimensional storage
model 100 comprises a slot 360 for each dimension and a
slot 362 for a calculated dimension. The dimensional slots

360 contain entries and associated data wvalues extracted
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from a database while the calculated. dimension slots 362

contaln data calculated based on the extracted data.
For the illustrated embodiment, each dimension 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,
only non-sparse entries are included. The entries 374

represent combinatricvdimensional values and each identify
an associated data value 376. In one embodiment, ' each
entry 374 includes a pointer to the associated data value
376. Alternatively, the data values 376 can be stored
along with the entries 374 in the entry storage 370. Use
of the pointers and separate storage of the data value 376,
however, improves efficiency and proce551ng speed of the
multidimensional storage model 100.

The dimension storage 372 includes the data values 376
associated with entries 374 in the entry storage 370. The
data values 376 represent unique dimensional values for
each dimension. | .

A set of interdimensional links 380 is provided for
each non-sparse entry 374. Each interdimensional 1link

identifies an intersection between non-sparse entries 374

in different dimensional slots 360. The set of
interdimensional - links 380 includes. oné or more
interdimensional links. In one embodiment, the

interdimensional 1links 380 are bi-directional to allow
efficient traversal between the dimensional slots 360 in

either direction from an entry point.
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1ntefdzmensional links 380. In particular, a null
intersection between database entries in a first and a
second dimension is determined by the lack of the database
entries in the model or the lack 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 1links 380
from the spécified entry in the first dimension to the
specified entry in the second dimension and then obtaining
the data wvalue 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
beiow.

The calculated dimension 362 includes a set of
calculated values 382. The calculated wvalues 382 are
values derived from predefined calculations requested 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 calculations requested

by the user with the model are precalculated and stored to
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minimize processing after creation of the model 100 and to
improve the speed of multidimensional analysis.
FIGURE 9 1is a block diagram illustrating exemplary
. data 400 and an exemplary multidimensional storage model
5 402 for the exemplary data 400. ’Referring to FIGURE 9, the
exemplary data 400 inéludés dimensions C1 and C2 and
calculated dimension C3. Dimension C1 includes unique
entry values A, B, and C while dimension C2 includes unique
entry values D, E, F, G, and H. The calculated dimension
10 C3 includes calculated data values 1, 2, 3, 4, 5, and 6
corresponding to different predefined calculations.
‘ The exemplary storage model 402 includes dimensional

slots 404 for dimensions Ci and C2 and calculated

dimensional slot 406 for calculated dimension C3 . In the
15 Cl dimensional slot 404, the ‘dimensional storage 410
includes unique dimensional values A, B, and C. The entry

storage 412 includes entries with which the data wvalues are
associated and pointers to the data values. Similarly, the
C2 dimensional slot 404 includes unique data values D, E,
20 .F, G, and H in dimensional storage 414. Entry storage 416
- includes entries associated with the data values and
pointers to the data wvalues. Interdimensional links 420
identify intersections between entrieé, and thus data, in
the Cl1 and C2 dimensions. The calculated dimension 406
25 includes. caléulated data wvalues 1, 2, 3, 4, 5, and 6
associated with predefined intersections of data in the Ci1

and C2 dimensions.
From the exemplary storage model 402, it can be

determined, for example, that entry values A and D in the
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that they are not connected by interdimensional links 420.
5 Entries are connected by interdimensional links if any one
or a series of interdimensional links connect the entries.
FIGURE 10 is a flow diégram illustrating a method for
generating and using the multidimensional storage model 100
in accordance with one embodiment of the present invention.
10 Referring to FIGURE 10, the method begins at step 440 in
which the multidimensional storage model 100 is generated
by the multidimensional model manager 44 in response to a
query request and is based on results of the query request.
The query request specifies the dimensions and data
15 dimensions for the multidimensional storage model 100.
In one embodiment, the multidimensional model manager
44 generates the multidimensional storage model 100 by
first fetching data records from the source. For each data ,
record, the dimensional wvalues and data values are then
20 fetched. Thereafter, for each dimensional value of a data
record the multidimensional model manager 44 determines if
the dimensional value is present in entry storage 370, in
whiéh case it may be used. If the dimensional value is not
present in the entry storage 370, an entry 374 is created
25 for the dimensional wvalue in entry storage 370 and the
corresponding data value 376 stored in dimension storage
372. In either case, the dimensions are next traversed
from left to right to create interdimensional links 380 for

the entries 374 in entry storage 370. Existing links are




5cd\ deeee e}oML!!s' " 10%il!10%& ()-y 10 10
- 10's" " 109K ()-#!'s' " 109Kk ()-#!'s' 109 ()-# e eefgghzY7/MLI!! y&I0%&' () -
+y&109% & () -! TS&LO%&' () -! YS&10%&' () -!hS&L0%&' () - YI0%& () - hi i3I JAN] 2004
koP14FwWl0% & ()-(y 10% & ()-!%®R10% /& ()- 10 10 10'y&10%& ()-! y&LO%& () -
kKkRI | mowd®IPPe769 &10% / & ()-+',. &10% /& ()-+!,. &10%/ & erTAISP0/20693
&LO% /& ()-+',. &0%/& ()-+',. &10%/ & ()-+opppppqqqr S4!
10% & ()-s10% & ()-yl0% & ()-!'p, m 1O%EE&'3(E} - 10/7 10/1/
b)
reused while 1links that are missing are created. In
addition, for the right-most dimension, data values fetched
for the record are added by the multidimensional model
manager 44. It will be understood that the
5 multidimensional storage model 100 may be otherwise
suitably generated.

After the multidimensional storage model 100 is
generated, step 440 proceeds to step 442. At step 442, the
multidimensienal model manager 44 recei#es a view request

10 for a subset of the specified dimensions and/or data

: dimensions. Next, at step 444, the multidimensional model

manager 44 determines traversals necessary to generate the

view from the storage model 100 and a starting point for

each traversal. The traversals are defined by the

i5 . specified dimensions and the stertihg point on entry
determined based on how the model 100 is drganized.

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

20 right-to—left recursive movement. In this embodiment, to
retrieve the first record, the multidimensional model
manager 44 positions a first dimension selected for display
to the first entry storage value. Next, all parent
entries, which are those to the left of the first entry,

25 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 for dimensional entries at




10//1, .

&10% / & () -+gqgssssssrP1s10% U& ()-!10%&' ()- 10// 10// 10//'T

. #10%/ & ()-"10% & ()-!s 10% & ()-sssssssaBrP1s10 10%

U& ()-!]1:100U& ()-@. 10% U& ()-, & 10% U& () -, 10%U&If)3_’r‘$ﬂozﬂ‘!
U&'()-suvkklx&meGrPl!8+d10%)U U& ()-+10% U& ()-!5+10%& () FT#1 2
WO 01/09769 PCT/US00/20693
37
these positions. To retrieve the next record, the

10

15

20

25

multidimensional manager 44 attempts to move the right-most
child in the view. If the right-most child is movable, it
is’repositioned and the data values fetched at the current
positions within the multidimensional storage model 100.
If the right-most child is not movable, the
multidimensional model manager 44 attempts to move the
parent of-that child, which is the entry immediately to the
left of the child. If the parent is movable, it is
repositioned and the data values fetched at their current
positions in the multidimensional storage model 100. If
the parent cannot be moved, an attempt is madévto move the
parent of that parent, which is the entry imﬁediately to

the left of the first parent, and the process repeated

until no parents remain. At this point, the end of the:

process 1is reached. It will Dbe wunderstood that the
traversals and-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 multidimensional
links 380 to .determine the existence and/or wvalue 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 wmanager 44 determines whether 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
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intersectional values calculated until all traversals have ' |
been completed. The' No branch of decisional step 450 then
leads to step 452.
At_Ast:ep 452, data and information output from the
5 multidimensional storage model 100 is summarized and
sorted. It will be understood that the multidimensional
storage model 100 may be otherwise configured to presort
and summarize data. However, by separating the traversal
operation from the summarizing and sorting operations,
10 processing efficiency is improved. '
Next, at step 454, information output from the

multidimensional storage model 100 is graphically displayed

to the user in a requested view by the viewers 124 on the
client, 110. Proceeding to decisional step 456, if
15 additional views are requested, the Yes branch returns to
step 442 in which the view request and specified dimensions
are received and the process repeated until all requested
views have been completed and displayed to the user. At
this point, the No branch of decisional step 456 leads. to
20 the end of the process. In this way, the business
intelligence portal 10 provides a multidimensional storage
model 100 of reduced size and impr‘oved processing speeds
that support efficient pivot and drill operations during

data analysis. In addition, a user can create new

25 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 drilling for high and low level analysis.
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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 of pull
down menus 488 disposed along a top edge of the display
window 480. A tool bar 490 is disposed immediately below
the menu bar 486. |

The display window 480 further includes a catalog
window 492 and a portfolio window 494 adjacent the catalog
window 492. The catalogv window 492 displays a file
hierarchy within the catalog 32. The portfolio window 494
displays the views linked by the action pértfolio.

Within the portfolio window 494, each of the views is
separately displayed in a discrete view window 496.
Storage of ‘the views in discrete files 1linked by the
portfolio and display of the related views within the
portfolio window 494 allows related documents to be easily
organized together and efficiently displayed to a user. In
particular, the portfolio window 494 provides a common
window with a single data interface (SDI). The discrete
view windoWs 496 are displayed within the common window in
a multiple data interface (MDI). = It will be understood
that. other types of related. components. may. be discretely
stored and linked together for display through a compound
file.

FIGURE 12 is a screen diagram illustrating a display
wihdow 500 including view buttons for navigating between
related views 1in a portfolio in accordance with one

embodiment of the present invention. Referring to FIGURE
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12, the display window 500 includes a menu bar 502 with a
variety of pull down menus 504 disposed along a top edge of
the display window 500. A tool bar 506 is disposed
immediately below the menu bar 502. The display window 500
5 includes a catalog window 508 and a portfolio window 510 as
previously described in connection with catalog window 492

and portfolio window 494.
In the illustrated embodiment, view windows 512 are
maximized with the portfolio window 510 te provide
10 optimized +viewing. To allow navigation between the
maximized windows, view buttons 514 are provided in
response to maximization of a window 512 and displayed as
tabs along a top edge of the portfolio window 510. The
view buttons 514 are each operable to display an associated
15 window 512 as. the active window in response to activation.
This allows users to quickly and easily navigate between
the windows. As a result, users need to constantly move,

close, open, and resize windows to view related data stored

in disparate files. The view buttons may be otherwise
20 displayed or generated in response to 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. Thus, as soon as a
user indicates that a window should be maximized,
25 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 positidned independently of a
corresponding window. Thus, they may be displayed adjacent

to or remote from a corresponding window.




' 10%JU& ()-('v '10% U U& ()-(!v ' 10% U(U& ()-(!'Fv '10% U U& ()-(!Pv

1109 U] U& (PQVI *di J9: ! Yz& 10UU . .
1@4]}.@0‘%&' (§) 9-1 @&109BB& ()-9-! @10YBB&' ()-9-! @&10%BB& () - 9- BSJAN.%’I,%NB& ()-
& 10uud IYZ& 10UV 1 10BB 10BB B
10BB'@&10§&H§W%§ 9-1 @1098B& ()-9- '#@&10%BB&T() 9- '@&lp%BB§CFﬁﬁ@m%WQQ\EU~ =
M!IYz& 1'3, | m10%& () - &&"10%&' ()- ~s™10%.& ()-!AsM10%& ()-1& ‘
109%& () - FlO%&'() d} MWE: ' Yz& 10 o 41

10!, | mr109%& () - &, | m109%& ()-&, | m10%& ()-&! . .o

) |n&10%&f() & 3, |nw10%&f() &V%CZ Ny&I0%&' ()-)! y&lO%& () )"10%& ()-y 6
"&10% / _& () -A18B&&gh) dh&l Beddnt invention has been described with

several embodlments, various changes and modifications may
be suggested to one skilled in the art. It is intended
that the present invention encompass such changes and
5 modifications as fall within the scope of the appended

claims.
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storing a compound file linking the discrete files

to each other; ' |
displaying in a graphical user interface a common

10 window for the compound file; and
displaying within the common window a discrete |

window for each discrete file. i

2. The method of Claim 1, further comprising
15 storing each of the discrete files separately in the

compound file.

3. The method of Claim 1, further comprising
storing a link to each of the discrete files in the compound

20 file.

4. The method of Claim 1, further comprising
displaying the common window in a single data interface

(SDI) and the discrete windows in a multiple data interface

25 (MDI) .
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5. A method for managing and displaying
disparate data views to a user in a business intelligence
portal, comprising:
5 storing each of a plurality of related data views

in a discrete file;
storing a compound file linking the discreté files
to each other;
displaying in a graphical user interface a common
10 window for the compound file; and
displaying within the common window a discrete

window for each discrete file.

' 6. The method of Claim 5, further comprising
15 storing each of the discrete files separately in the

compound file.

7. The method of Claim 5, further comprising
storing a link to each of the discrete files in the compound

20 file.

8. The method of Claim 5, further comprising
displaying the common window in a single data interface
(SDI) and the discrete windows in a multiple data interface

25  (MDI).

9. A method for displaying discrete windows in a
graphical user interface, comprising:
generating a view button for a first window in
30 response to the first window becoming at least substantially
hidden from display by overlay of a second windbw;
displaying the view button; and
displaying the first window in response to

activation of the view button.

|
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he met od of Claim 9, further comprising

displaying the wview button outside of the second window

along an edge of the second window.

12. The method of Claim 9, further comprising
generating the view button for the first window in response

to the first window becoming'completely hidden from display

by overlay of the second window.

13. The method of Claim 9, the second window

comprising an active window.

14. The method of Claim 9, further comprising
generating the view button for the first window in response
to the first window becoming completely hidden from displéy

by maximization of the second window.

15. A method for supporting efficient navigation
between a plurality of windows in é display, comprising:

generating a view button for each of one or more
windows hidden from display under an active window; and

in response to activation of a view button,

displaying-the corresponding window as the active window.

16. The method of Claim 15, further comprising
displaying the view buttons as clickable tabs along an edge

of the active window.
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A display window of a graphical |user
‘interface, comprising:

a first window;

a second window at least substantially hidden from
display under the first window; and ~

a view button positioned independently of the
second window, the view button operable to display the

second window in response to activation.

18. The display window of Claim 17, further
comprising the view button displayed as a tab along an edge

of the first active window.

19. The display window of Claim 17, the first

active window comprising a maximized window.

20. A system for managing and displaying related
information in a graphical user interface comprising:
means for storing each of a plurality of related

datasets in a discrete file;

means for storing a compound file 1linking the

discrete fileé to each other;

means for displaying in a graphical user interface

a common window for the compound file; and

means for displaying within the common window a

discrete window for each discrete file.
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5 means for storing each of a plurality of related

data views in a discrete file;

means for storing a compound file 1linking the
discrete files to each other;

means for displaying in a draphical user interface
10 a common window for the compound file; and

means for displaying within the common window a

" discrete window for each discrete file.

22. A method for managing and -displaying related
15 information in a graphical user interface, comprising:
storing each of a plurality of related datasets in-
a discrete file; |
storing a compound file linking the discrete files
to each other;
20 . storing each of the discrete files separately in a
compound file;
displaying in a graphical user interface a common
window for the compound file; displaying within the
common window a discrete window for each discrete file; and
25 -displaying the common window in a single data
interface (SDI) and the discrete windows in a multiple data

interface (MDI).




I #

10

15

20

25

30

PcTjusoo|20642

13 JAN 2004
- 47 - |

23. A system for managing and displaying related
information in a graphical user interface, comprising:

software operable to:

store each of a plurality of related datasets in a
discrete file;

store a compound file linking thé discrete files
to each other;

display in a graphical user interface a common
window for the compound file; and

display within the common window a discrete window

for each discrete file.

24. A system for managing and displaying
disparate data views to a user in a business intelligence
portal, comprising: .

software operable to: ‘

store each of a plurality of related data views in
a discrete file;

store a compound file linking the discrete files
to each other;

display in a graphical user interface a common
window for the compound file; and

display within the common window a discrete window

for each discrete file.

25. A system for managing and displaying related
information in a graphical user interface, comprising:
 a discrete file operable to store each of a plurality

of related datasets;

a compound file operable to link the discrete files to
each other; and

a graphical user interface operable to display a common
window for the compound file and operable to display within

the common window a discrete window for each discrete file.
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26. A system for managing and displaying
disparate data views to a user in a business intelligence
portal, comprising:

a discrete file operable to store each of a
plurality of related data views;

a compound file operable to link the discrete
files to each other; and

a graphical user interface operable to display a
common window for the compound file and operable to display

within the common window a discrete window for each discrete

file. :




