2: 1' NOV WD ~ 442' 165 PCT/ US00/ 14497 METHOD AND APPARATUS m Tl NG
MULTIPLE DA T. MARTS IN A SINGLE AGGREGATI ON~PROCESS BACK THE
NVENTI ON This patent application relates to w nethdolagy f orpapul ating
data marts. A data, mat is a database, or collection of d’&fﬁé{ﬁ&‘g’é@

desi gned' ,AQSPPW?F%: rnanagers meke strategic decisions about :their

busi ness. Wereas- am dat war ehouse conbi nes dat abases across an ~ entire
enterprise, data marts i are usual | y smaller and focus on ,a, particular
subj ect oridepartnment. Oten; data, nmart are subsets-of |[|arger-data

war ehouses, Pl annin PERATLS FOR'POPBLA TINGEMULTPLE DATAed by: Ranon
Ba gxu i anMWQ%SB?t ei n.!?“ﬁgmi ce Hal | _PT 'NO-P3_. 255746-0

descri bes defi niti oo RTSIN ASINGEAFAGCCRESATION K ta \ar ehouse.
Toolltit by; Ralph Kinball. John Wley Sons., Inc. ISBN 0;471- L A37-&
provi des a gooddescritption of the hackgsaundi and conceptsi of data

war ehousi ng. g@q«g{@uﬂb&)ﬁﬂﬁmvﬁﬂmﬁ n, building a successful data. mart..
isto correc%3 y 1dentify the different dinensions and the fact set within
a business. structure. This is-,often known as di nension nodeling;' eh

di mensi on irepr esxlal%ﬁag“g@h&ﬁ,gﬁ;’,ﬁ&s[@fmdmﬂdqlcngybnpoﬁubgnsmmﬁﬁrti cipate in
the tact: set indepe dent Tof entities from another di mension.The fact set
usual ly contains transactional data where, each transaction (or record) is

identified, by a goubi i O, _BPEdieiRs ofdanbasesndesigriad o télPensi on.
FIGURE | shows a &%&a E@{gés(r)rgd?twaie

-for a supermarket business ene.thr star
scherna is thsages emdke mﬁtegihedeaisi?emﬂg%,‘hﬁ'ﬁﬁﬁ'ﬁ‘f‘ﬁd r e((,cé%ws]“ dﬁ%ch di mensi on

is, a table where- each.record b NShtireée kg@yn'sé.Qfamanarsamllye key) that
uni quel v, ide‘ﬁ%’FW?s‘%‘QE‘ﬁs%bﬁc)g/%%ﬁhg FSt: of attribut es to qualify or
describe the gafijkescasishgeaanicytar fubjeckendeparparnn. Offeac #1413 BRE? i n . t he  f act

subsets of larger data warehouses. Planning and Designing The Darta Warehouse
edited by Ramon Barquin and Herb Edelstein, Prentice Hall PTR. ISBN 0-13-
255746-0 describes definitions and the usage of data marns. The Data Warehouse
Toolkit by Ralph Kimball. John Wiley & Sons, Inc. ISBN 0-471- 12337-0

provides a good descriprion of the background and concepts of data warehousing.

Orie of the first steps in building a successful dara mart is to correctly
identify the different dimensions and the fact set within a business structure. This
is often known as dimension modeling. Each dimension represents a collection
of unique” entities that participate in the fact set independent of entities from
another dimension. The fact set usually contains transactional data where each
wransaction (or record) is identified by a combination of entities ane from each
dimension. HéURE { shows a star schema for a supermarket business where the

star schema is the outcome of the dimension modeling process.

Each dimension is a table where each record contains a key (or a
composite key) that uniquely identifies each entity and a list of atmibutes to

qualify or describe the corresponding entity (or key). Each fact record in the fact



21 NOV 2003 WO. 00772365 PCT/ US00/ 14497 ' table! would conti ifNag\[ M3 gn
key to, allow it toijpin40each dinension and a list of-nea es whi ch
represents the transactional data. The dinension table is W‘Q‘Pt
further nor ngdo meeheébecause the Size !of a dinension is usua #

smal ler than ft4i of the fact table:: thus, the: space saved by nornmali
zing woul d not ~fie that significant. Also, it is not time-effective for an
QLAP query tool to joie the normalized di nension tabl es an, query
mun-time. Theorerically an CLAP tool could direct query agal nst a data
mart  which. ¢RRGeUMScdniams frtigmhey toddow |t ¢ joit thga ensianeandgdislena | ayout .

However-, its order to allow fast, response tjmnme ueries; for
i nstance; a q@Empasugesguhich Fapresey by gyarﬁgcéxpg@ 45‘5‘[ Jﬁ% dn%?%gt‘gg@%ﬁgu| ar brand
product for e%gdlu%axtﬁnh&fr@maﬁw BGalide QR e dfaldaménsion iviasuallyvanehouse i s
required. Levels data are specified ling ch d'aﬂ'énSI on for the

pur pose of aggnlé@dtmmloﬁh%ﬁﬂﬂltﬂ%lih'ﬁéh?%53" QVB?FB? ng¥olidRghsi on
entries based Op@?f'g‘{%g? t‘tAlgéc} ubxg%t thﬂé&l?&ﬁ@e foanbﬂRP%IE&’yQodj'lm' on, of

Figure | " a st’§ cou specit1 ed which woul d contaln one

aggr egat ed di Wmmixeddmdsbonaquwmw umgavi ng at | east one store.: In.
ot her words: each aggregated dinension record for,. a particullar state
woul d represent the aggregation of data fromall stores: that are in, that

state. .Simlarly, T“E‘or@ﬁﬂilisi'anSDEAPftvol cbuldi dijctlyequery dguirishe dstaomat di mensi on

toy al I ow the creation of, ag gated' di rren5| where each entry:
represents th@lcmiwéfm&?“%al g?‘l‘"k g phaye star s¢ °'ﬂ%ﬁﬁ’"&3ﬁ3 Y. A level

referred 0. gl faildlis dsbinsé!Rng bh bR 1oLl qudiics T6r ih @6 a guétyed genn- d
contains the sane. nunber of records as the input di dinmensional data.

Level s;  speci the ewbnthly sl woltme of gopastipuiar (¥Rng RTpAYSE folreach &Py P to as

aggregate | evel s. contain a different nunber of
records depencleSiERH O“ICR ALK £98L FateRUSE is Wlited

Levels of data are specified in each dimension for the purpose of
aggregation. Each level defines a grouping of dimension entries based on a
condition. For instance, in the store dimension of Figure 1, a state level could be
specified which would contain one aggregated dimension record for each state
having at least one store. In other words, each aggregated dimension record for
a particular state would represent the aggregation of data from all stores that are
in that state. Similarly, we could specify a city level in the store dimension w0
allow the creation of aggregated dimension records where each entry represents

the aggregation of all stores in a particular city.

A leve:l referred to as the input (or detail) level is the lowest level and
contains the same number of records as the input dimensional data. Levels
specified by users for aggregation purpose are referred (o as aggregate levels.
Each aggregate level will contain a different number of records depending on the

level condition. For instance, the state level will probably contain less records



| evel condition- For instance, the: state ! level wll prob {: contain
| ess records 21 NOV 2003 WO 00/ 72165 PCT/ US00/ 14497 than tk w 128031 .
Each (i nput and aggregated) level is uniquely identified b¥ | evel code.
The level cqggebfgenerally presented as an integer for ef FE’lué?PéWg The
aggregati on reqwredll ini the, output fact data is specified by a

conbi nati on of “Fevel's one from each di nensi on. The conbi nation of |evels
used to specify aggregation is also referred as a cross product of |evels.
To do a nonth: by brandby state query in the above star schema exanpl e,

t he correspongjAewe cidy$el. Bahilifpu eatlagergined)deofel natiquely adeotifiesibythe

di nensi ons: and woul d need to be cified that aggregat requited
of the transadsvelaede. 'ﬂﬁﬂ%’eb‘é&"ébﬁﬁf"?ﬁgy EFPHé”é““‘p’FBBU@%‘B&’? ﬁ%r&%‘ﬁfee speci fi ed
| evel s. Users may ~speC|fy a list of cross. products for which they desire

aggregation. The :cross product of input |evel represen i nput or
detail fact data. Theagsregatignyequired i@r thenPuPuh G @@'&t'isosr?e"éhbqe&s;\ ons.

associ at od Wt BRG] AR s! AL ARASH fehdlnShe QUbIALEH Srleve MRzt common

aggregation exX max, mn, average sum count, weighted
average, and fb Lﬂecmyiggngﬁum:amsomﬁdméafmrosagg:dég@f ledeldioslo 3MPMi| | val ues”

level is normally also ovi ded i single
menber cont ai rAYRIANA 1Y ﬂ?‘gﬂﬂw (5'?1%&‘???‘(%%” %ﬁrﬁg"nﬁl ngP% %Egee%aﬁdﬁﬁgcr 0SS
product s when;jeddf@obiainEREE 80 8fMEd i exemaliieendimensivms andivebuiddeddio bhe cross

product, so that a singe format for c r odugt n, be de |ned each
contai ni ng a |specfied thayBEGFEEAHOP 8 reqHISE A é‘gﬁﬁ S?ﬁ‘&f‘ﬁ&“ﬁﬁwdpﬁ eIt 1 i es”

l evel into a Gl %ﬁ;tQ{KMH{QLsé}éﬁleﬂﬁvelﬁflfs&@haﬁpecﬂlﬂxdte&ws's prbtudthfer aggr egat i on
-and acts- as fa entr n the cross roduct. Fo exagﬁhﬁ |f t he
ros

star scherna owhiEh maeﬁwmgsgmnn@hmgeﬁ Ri?ﬂ?‘h“df‘?‘? levgls feppeRg
product, was re ui rq%wl Sgr OGH‘?‘I‘[E hlbe%ﬂé 1153"' ﬁgﬂon%glgﬂg

|ncorporat ed |'|’? oduc ectl vely, ata, for all products:
i's associated with each input fact measure o be aggregated Some common

aggregation expressions includes: max, min, average, sum, count, weighted
average, and fill with constant value for aggregated data.
)

An "all values" level is r;ormally also provided in each dimension which
has a single member conuining all dimension entries. This level is used in cross
praducts when the corresponding dimension is ot involved in the cross product,
so that a single format for cross products can be defined each containing a level
from every dimension. Adding an “all entries” level into a cross product has no
effect on the result of the aggregation and acts as a dummy entry in the cross
product. For example, if the star schema of FIGURE 1 were being used, and acity
by month cm;s product was required, the product “all entsies” level would be
incorporated in the cross product. I‘Effzctively. the data for all products is

aggregated into a city by month aggregate record.



aggregated into a city by nonth aggregate record. 21 NOV ZOOS?V\pNﬂNlﬂ@SS:
PCT/ USO0/ 14497 After the process of aggregation, a data marr s generated!
Each data mart contains a sets of dinension ands fact~tabl ?ﬁrmﬁﬁﬁ%v

di mensi on i n wod&Et2¥5mare corresponds. to one dinmension in esource-star -
scherna: ,The fact table ..in, a data snarl: contains aggreagated coated
data fore a |ist"of specifaedcross products=. A previous product provided"
by 'the present assignee is a consuftin- service~ which does. recognition

of contai nnent rel ationships betwee n det ai i ds and
aggregat ed' di ver subherrlf@m@@", ?%%Q%P%ﬁ"@f“?%&f&gg?a% dﬁt‘ig{%

di stributions Of i s g&r‘gg,g,tl anddfabN@HIed. Each Afknkiaftin dadan mbhe
af or er ner ni one "}5? Bd a S a SI ¢ rncchani sm of Qut put di StH bution, it
can distribut emnﬁp&rﬁeroeumtldemﬂswe inothe aeures star sefema- HsJre el 2d#*ensi on

ocord - 1o dilrerent. ot e TGS A0 SLARLI QB gRocaed, di ot bute

di fferent aggr &4t SS pro ucts to 4 1fferent output’ fact
fitiesltables, However it does,,rlot truly support the concept of

popul ati ng rrultlple data marts. ne. targe 0 4 Scheina
confi gurati on i s al AoRIREEYS P’Pf‘“‘él(?é%"' Sﬁ’y ‘Eﬁ%ﬁ%ﬁt:ng?#egq%:)gncgg%?ﬁ%? havi ng;
data marts, thaf., (fﬁrvﬂn&f doddi rbé hiﬁbnSdf%nﬁmheﬁﬁmlaﬁomhig;wmtmtn@tml Thus, the
di fferent, ut put

I mensi on or fact tables oge ted areo t}q,? q:la{a t he same
out put target: cbmmsmmdmnﬁaeéﬁﬁfgﬁﬂe&tq“aﬁ“' S ETEALOL Y of event i oned

product doesn't 28 difensidh ifemankaaggr egates mdi fferent
I'targct fact ta%‘ 's&‘\“)if’{"&@gggt Ies fr'l‘ave to have the sane type of

aggregat es. However;::aggregates that are of interest to one group of

users may not be.of e é\@@ & EsHRecRbni Hﬁ@i"cﬁn ut difieibutiond| | owi ng
different agg egat éljg ﬁ‘ﬁ %S?ng e"E r g{:,sggr Ces wast ed p processi ng
unnecessary dat g csdisriblit @ifferéno eevels op detaibarid mn«:@ldmgpb rREORs 10 sers:
different ourput dimension files/tables and distribute different aggregate level
cross products to different output fact files/tables. However, it does not truly

support the concept of populating multiple data marts.

Only one target (output) star schema configuration is allowed. It does not
support the concept of having data marts that are of different star schema
configurations. Thus, the different output dimension or fact tables generated are

bound to the same output target star schema configuration.

Likewise, the aforementioned product doesn't allow the generation of
different aggregates in different target fact tables. All fact tables have to have the
same type of aggregates. However, aggregates that are of interest to one group of
users may not be of interest to another group of users. Thus. allowing different
aggregates can both save resources wasted on processing unnecessary data and

limit the scope of data accessible by users.



2 1 NOW 2003 WD 00172 165 Furthernore, dinension tables are :ng' Nbvd tao
any particulari first table. Although the-, product can gener é’ ' 200
muliiple dinmension and, fact tables. the: concept of a data nmart is not
enforced to ensure Lhat t he-correct dinmension tables are jpcTreshotieddt hee
correct fact AW &1 n addition. users can specify a dinension, table to
contain |levels that-are not related to. the cross products of its
correspondi ng fact table This could be: very error prone on database
systens that check for referential integrity;, between ddilrnension , and

fact tables. Many t@&ﬁé}im%?airﬁeﬁki%ﬁ wishdaye hdlated #OanyOparitane fenaabdh
flexibility and efficiency toygenerate nmultiple data manglgL:g @ singl e
n

aggr egat i on geARticih ahe pdesses gemitate MY[iplg\Fimgnsigneandniact “why such
flexibility and ' capability..i 4§ Ehsurkat tHe chfe@ fiirfiRsidatabltesi rabl e to
-generate a si??d‘F‘é"agzl%t #‘st" %{n?ﬂgﬂgtg - t%aé' aggr egat es needed by al |
user groups begdysifed to thotdritccant table. Inaddivom isers parjspeaify & GIMESIBr ' uses

groups. Mbreover, the. set o ener at ed r s CHiE P8 00~ | arge

to be duplicat Bhk @ Congsinlers 4RO 30 fee‘?a‘gt‘gg‘éﬂeﬁ’gﬁsrso B% At different:

physi cal | ocat Lf]{g%o‘-éfﬂyﬁct @B, Tiestui beaer) cerat promeonsiazbaieaynersyBfl er anount s
es

of data and a conplex view, of the data to_the targeted user group.
Queryi ng agai nshe,ckf@‘ﬁ@éﬂﬁaq‘i}'ﬂ%ﬂwﬂﬁgqs?"ﬂgsac%w@ ‘ef ficient pause-of
the smal |l er or, scoped set of aggregated data. 3) Data marts are often

required to-have different: target sty' schema confi urat_h,?.ns. cfmd
aggr egat es because Mah§ eschmiguassaist grday et dp ot haxecsnaudie ety #i% f er ent

set: of i dimengion attribules Qb & mindin NNgRAEegdlionARh3AGH~
prdcess. The following are the reasons why such flexibility and’ capability is

required:

1) It is often not desirable to generate a single data mart that has all
the aggregates needed by all user groups because it would contain
unnecessary data to other user groups. Moreover, the set of
generated aggreéates could be too large to be duplicated or shared

among different user groups at different physical locations.

2) Stnall and specialized data marts contain smaller amounts of data
and a less complex view of the data to the targeted user group.
Querying against specialized data marts is also more efficient

because of the smaller or scoped set of aggregated data.

3) Data marts are often required to have different target star schema
configurations and aggregates because different user groups are

interested in a different set of dimension attributes or fact



t't..] |.tlaurv7 i a;greates:: Mreover. diffef nt.user n groubd NOVeR(dJook
at the data . in different, ways. 4) Data partitioning is very~ essenti al
in saving storage TeSoUtce. The ability! to have, differen,faed.Lables
sharing the qgwrflesrension tables is comonly needed. An, exanple is having

two data marts:.. one for actual sales and one for predicted sales. Both
rata marts coul-d-shave -the sane! dinension tables, ,however. each data
mart. wll need to-have its own in fact,table containing its own view of

the fact data... 5.) Running., aggre i on generat | lhd dth£ tinmes to
generate speci .liZed a:ggtegatﬁﬁaM‘%quS':“g?&&“&&%feﬂgw\%@w 0gmg)l(ver head of doing

aggregation multiple tinmes.is RiLQhi bitively high:: because it. involves
readi ng, ~t he~ i nput fact d?fﬁ%?t 52% anal yzing the input fact containnent,,
in different: aggregation buckets, nmultiple times Data nmarts contain

publ i shed data, used by COLAP tools.f { s\ MQinb e tegdiate. Jheri es.

Aggr egat ed data i n4dat aDﬁ‘&rpﬁg’“Pgmﬁhslv(r%fyye?‘ﬁfgggtl#goér“_] ggiﬁsgi on:. support for

effective business managgiRNb- hatiouieiemnt fach tblﬁleqrmnnmgersmgﬁ’-@mﬁ” y require

different sets of 'aggregated. data fr he . i@maae bonat | i |

data:, For instance, t twm"éﬁﬂdﬁ?&%'ﬁ}%*?‘ﬁg%g'?‘gﬁéﬁn%y only care about

data for the west regiQp, fdrAtiaal shles b folprediétedmidsyBoth GaBUIRAY di f f er ent

data nmarts,for different geographic subsets f&o_r‘p@one S haﬂgﬂﬁﬁti onal

sal es data. On the: ot heouldahate thesame dimeagion fablssy AOMEVErSG513% (hat i's: of

interest anong all regi on@né#;itg‘ﬁwfchﬁbﬁlfm&Elecaﬂhihmg\msd% viemadthef | gures; :
Tonay

In. ti is case, data mar% al so contain. sone overlapped aggngat ed
data. 21 NOvV~2003 facrt data. .

5) Running aggregation generation multiple times 1o generate
specialized data marts is too expensive. The overhead of doing
aggregation multiple times is prohibitively high because it
involves reading the input fact file and analyzing the input fact

containment in different aggregation buckets multiple times.

Data marts contain published data used by OLAP rools for effective high-
level queries. Aggregated data in data marts is mainly used for decision support
for effective business management. However, different user groups may require
different sets of aggregated data from the same set of transactional data. For
instance, the west region marketing group may only care about data for the west
region; thus, it would be effective to build different data mars for different
geographic subsets from one set of nalional sales dara. On the other hand, users
may also require data that is of interest among all regions like the sum of

nationwide sales figures. In this case, data marts may also cortain some

overlapped aggregated dara.
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effectively resolve the above descri bed needs, a nethodology is provided
to populate nmultiple: data marts fromone set of transactional data in

a, singl e aggpeqaLiep process. In_other~ swords. this met hoRSITAE)Y/14497
partitions |varegateddata fromthe same operational datasource. It is
much rnore resource:.- effective to populate- nmultiple data narts- in one
aggregation run than to have mul tiple runs, one for each data nmart or
partition. Miltiple runs require: reading’ the input. fact data- nultiple

times and. gem%d riﬁY m\(mﬁ-mm the sane) aggregate buckets on each
run. The need ﬁ e, benefits of nultiple data mart popul ation (or
data- partition'ing),i wll be further described in,the follow ng

sections. The syst ”Hdg%(& %&gc%vg S rgsslm We%%%b@&e% @Rsethddolggysi on

processing, aggre roces dat a mart' distribution. As the
i nvention) reljgbRsidedid pﬁp&lateynaluplemﬂatmqns ronhaong s4t Oﬁﬂilftsa%@ﬁ%lldé'(“l‘ﬂ)n~ t he:

two earlier steps ~ of the a i onh: ., preoc ﬁ(ﬁsbe

fi ni shed, befo%émﬂ’ﬁeagg"éﬁ%%?&ﬁffgbﬁ T “pé%cr%?'geﬁ! ec rT’“quel The

techni que& for @Fégh&&ﬂﬂ%%wr@emamseme loRmUp BOEIEIONEE ar e

wel | -known and “avai |l able. In one: aspect of the |n .ent | O@akn Phavkechni que is
provi ded for t#fEechunia RRANBIF 'BF“‘R‘EIQ“F"p‘f“é“ﬁ'&t"Qeﬁa?F%alaf‘v n user- speciifed

data mart infot hQhtalrit fipg M@t lem*rd reqnﬂelreadtng~| i of
di rnensi ana, | gﬁ%“ﬁ%sr °§%c §$I nmensi on‘:’r{ib.afﬁ.l P]i? O0Y72165 BRI EF
DESCRI PTI ON OFtiEHEpBRAW MBSmAltigie Smes @n%rswmnﬁirﬂm (ffh‘?-f“ % &P on- is

hereinafter de§§ régt%?eq:u\c’:\kets on dalh flnCPhEneks dnll SheltRhdiRY b BLIAFIA A Gha) Whi ch
| population (or data partitioning) will be further described in the following

sections.

The system involves three main processing steps: dimension processing,
aggregation processing, and data mart distribution. As the invention relates
primarily to multiple data mart population, the two earlier steps of the
aggregation process are assumed to be finished before the execution of the
described techniilue. The techniques for achieving dimension and aggregation
processing are well-known and available. In one aspect of the invention, 2
technique is provided for the population of multiple data marts given user-
specified data mart information, a list of fact aggregates, and one list of

dimensional data for each dimension.



FIGURE 1 shows an exanple' star schema of 4 sinple supermarket:: business.
FI GURE~2~shows definition 'contai nment relationships wherein Zr‘lru\ﬂ:V 2003nes!
i ndicate; a containnment relationship and the val ue next to 23¢dswahid~o0W |i ne,
i ndi cat es-t havanewm85 of i nstances.. FIGURE 31, shows. a data. .nart
structure, wherein i dotted arrow, lines indicate how dinensions, data
marts and neasures are indexed in the data structure! FIGJRE 4 shows an
exenpl a of -4act- 'aggregate record mapping: to the output target fact

table. This exanpl e shows t i nd five measures nmapping to
one target fa&ﬁﬁ@%%@%&%ﬁﬁgﬁéﬁm@sﬁhe overal | data flow and
operations of the Miultiple data nman popul ation techni que. DETAI LED

DESCRI PTI ON OF THE | NVENTI ON A specjfic enbodj ment of the.invemtion wll
herei nafter be de rA bpegificzmbogimsni of %é’I‘V%°'hl§tr§?I‘?§’§'c\/%f?ﬂ§ﬁdg {Eﬁ aa9 /'

There, follows a i Pl ioRine farRasguncim@Pnent that is required as input-
to this pr ocesrsefe?%?é:%ds'é;ec?\?’inﬁ enboéc}i ment of the invention. Users have too

specify both di~rnension and ' data nmart information, for data mart

opul ation. This i ed di nensi [ Nidie @B -of &N t dekedef i nition
Fes FIGERECE S0P Lo b kbR or Al B

respectively. Thus.% ave i st of dinension definitions:
(one: for eackysgheg®ension),and a list of,datamart definitions (one for each
data mart to be generated.) in each dinension definition; users: have to
specify ; tlac followng information. Thisdoes not, include thc
information requir efiguURE 8ishSdefinitida tontainment relationships wherein arow

lines indicate a containmen: relationship and the value next to each arrow line

indicates the number of instances.

FIGURE 3 shows a data man structure, wherein dotted arrow lines

indicate how dimensions, data marts and measures are indexed in the data

structure.

FIGURE 4 shows an example of fact aggregate record mapping to the

output target fact table. This example shows three dimensions and five measures

mapping to one target fact table only.

FIGURE § shows the overall dataflow and operations of the multiple data

mart population technique.

DETAILED DESCRIPTION OF THE INVENTION

A specific embodiment of the invention will hereinafter be described.



aggngati on . processing D nension nanme. A unique nane to identla,éJ X %%)3
the' diffiension.. Level conditions and | evel codes.: List of é QB t

| evel s that 'are avail able for aggregation. Each level' is P by
identified bywagohmeel code, The | evel condition determ nes.the grouping
of dinensional records wil thin each. level. Dinension output filtering
flag (optional).-5 -Jhc ditnensioni:outpmfiltering flag controls the

di mension reoarcls- to be. outputted: in each data mart., One filtering
option is-specified for each dinension. This flag is, notda qw rement
for.;the data mart Thpﬁﬁullds\eﬁtadﬁamplm@ﬁmchﬁemaﬁé?& Bed FequiTRd 81 HBY wor ds, .

the techni que coul d be i QFlhe YVebnl hi s flag-., however. iv
i s included asm;%f't’ma‘fsstf‘ﬁrg“?%egcn &é\d“ t~ 5.0f72' 165 211 NOV. '2003 rl. |
t v.JWt { 7- r. inplenentation because it:i has' been found to be very
useful in some scenarios. The | o are th fd | tering
options: No out put Uiﬁtﬁ VFPPeﬁHE‘i‘éﬂ"’,“‘,W@E‘% %a“d\ﬁ“gf’ﬁhb ?put T1in the

al ' dat ai n7arh.l PI l§'u t{ﬁ@fs%E}léJ diteRdion efinititn andldarae-nm deﬁmm es for
have new records -l I nput di nmension tahle. For in a superm

arket schena. refspachwlsa Tahua umhm Ei?eétﬁlltl‘f‘d’ﬁd‘ﬂ"??és‘ﬁ? S’H-nﬂ‘é‘f"“sgﬂﬁrf hsi on: and
users did.. not! eC' a,-[lﬁ; \¢ ddffHitions (onBQYY eadtD@Hi£ARRESDE O be

g( ner at ed,; ukhefitc ht nowhségd& a1('.311(')1§%ener‘aqt e(t he di mensi ons records
because- they g&m&wﬂ.)al ready, exist: in the

In each dimension definition, users have to specify the following

information. This does not include the information required for dimension and

aggregation processing.

1. Dimension name.

A unique nare to identify the dimension.

2. Level conditions and level codes.
List of aggregated levels that are available for aggregation. Each level is
uniquely identified by a level code. The level condition determines the

grouping of dimensional records within each level.

3. Dimension output filtering flag (optional).
The dimension outpu filtering flag controls the dimension records o be
outpu;ued in each data mar. One filtering option is specified for each
dimension. This flag is not a requirement for the data mart population
technique described. In other words, the technigue could be irnplemented

without using this flag; however, it is included as par of the described



dat abase i n previous aggregation generation, b)' Al records. ?A'?VNUV 2003
di nensi ons record that has a |level code that is in the outpuf” Cross

products: af-;a, particular data! manmmi || be: outputted!tg t,B8vuines:
di mensi on, t ab¥@0¥T216%he data nart. For instance, in the supernarket schens,

if the brand by nmonth by state aggregates: are toibeoutputtedltola~data
mart and this outpuf Option is~selected  forthe product
di r nensi on,then al 4 brand records will be outputted to the product

diinension,.:table for--the:data ,rn. ar ' I &G] woRmer an. dh
t hat . have not occumﬂéﬁn‘I“FP“Phge érgq'\ﬂs f-gpjmg CWB&Jng'?id\iéeﬁ;‘i n data marts.

Thi=n i:s,ia subse%egjnogeﬂ,grfgibvhﬁ@ﬁb tHdTGuroN‘.ﬂut fitetngraptionsopt i on.  Di mensi on
records must also be active in, a, data mart, in order to,,bc out put t ed’

toits dinmensions tabte_ --Like the exanple- given ini,the!pt eviousoption,

a.. brand nust al S% be $8tJqu%t NB_diR8nsioH kRBids agiir Bga;mpmcd T deess (' nput
fact table)~'|n or der i mension recaord to nedto ; t he

di rnension’ .'tabl e- 10 &n&hSIWUEths“WLBWEQTG‘E}SHSE?‘ﬁIﬁ%@ 289 d) Ever
active ih any dat amartsr%'glns 'rescogiﬁ%gﬁpgf&m@ﬁs%“QE‘JF"W*“D& ind- 11

recordst option. Dinens recor be active in the current or
any. previ ous, aggr egati ar;:snﬁrkdzach&aﬁafﬂmqmmm%m“‘!%s‘ﬂéhc BoAYShitted to its

di mension, tabie.:Like: fhe exa [ egj |l VefiC @rdgew Opt i ON.
.brand records that areSUREHgR 4 gscu‘;:rnlé"rr]ﬁ@%p? many

pr evi ous: aggr egati ons: \Mgl,gggaﬁswwganbmbdt vhert there ldnmdlﬂmﬂemtﬂwh@ For
brands that have: never partl cipated in the ou that data
mart, they will not be- GUmeRSIOR SBEAH, DEFFESCH! eﬁﬁhﬁ'@% ;ﬁ{eady &tk n'

database in previous aggregation generation.

b) All records. Any dimension record that has 3 level code that is in
the output cross products of a particular data man will be
outputted to the dimension table of the data man. For instance, in
the supermarket schema, if the brand by month by state aggregates
are to be outputied to a dara mart and this ourput option is selected
for the product dimension, then all brand records will be outputted
to the product dimension table for the data mart. This would

include brands that have not occurred in the current fact table.

c) Active in data marts. This is a subset of records from the ‘Al
records; option. Dimension records must also be active in a data

* mart in order to be outpurted to its dimension table. Like the
example given in the previous option, a brand must also be active

in the current aggregation process (input fact table) in order for

the dimnension record 1o be outpuried to the dimension table.
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tabl e: For each dam mart definition users::, have: to:speci fth iqﬁo\y 020’03"’“ ng
information: Data mart nane. A unique nane to identify the d .nart

Level cross product list. This is~a, Ifsv of.all of the ~c j gyl of
| evel s,, thaiyodgbhomsd have aggregates conputed !in the current data. nmart.
If the current :data mart requires outputting input fact data, the~, |ist

of level conbinattons*would conga art entry of input |evel cross products.
In the sinplest case (one dinmension) i.this is sinply a list of the |evels

to create aggregates for. Each |evel crossi, product h nd evel . code
entry, correspondsi)rt oEeer@htivedn AnAsfagRaST Slfr“&gl?setocﬁrﬁcg@glﬁ;gmgodes in the

cross product, : ;- shoul dyy (05, BAG Defnehsldiecaiditustaldo bt ivelimbesi ons
specified in the dinmension effnition list. pis s note rtegg(iremant,
,but. snakes things si ewrexofdny pravisus pegragasions ofa @aymag Ko 180572165

D mension tablb definition ij Th ' b ONkd APkga Eivkh the | 1 St s
cont ai ns one di nensi on“’f“,’",“'fte,cl @gglﬁﬁeﬁyﬁﬁi tion ent_rﬁ %lr each
di | thnensi on.. Each di i*tAneseidsioptiain/beandcsRords giat arg activg iR kg HEFERR um

inforneti;on' 'l kel colum position. data. f @4hd dimehdioHers,, and
ot her dat abase.: rel at @BY PreYiF Aa§FEAYONS %ﬂ}%ﬁ%\ﬁltg#‘@f%r each . col um-t he

user alto needs; to idegié fRer whaRESMBEE Have heven piragipatebinuhe owput fagit ri but e
colum. For attribute columms, each colunmm carre I . i nput

table.

For each data mart definition, users have to specify the following

information:

4. Data mart name.

A unique name to identify the data mart.

S. Level cross product list:
This is a list of all of the combinations of levels that should have
aggregates computed in the current data mart. If the current data mart
requires outpurting input fact data, the list of level combinations would
contain an entry of input level cross products. In the simplest case (one
dimension), this is simply a list of the levels tocreate aggregates for. Each
level cross prc;duct has one level code entry corresponds to each
dimension. The order of level codes in the cross product should
correspond to the order of the dimensions specified in the dimension
definition list. (This is not a réquirement, but makes things simpler if

true.)
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I nstead of specifying a new table defnitibn for a,dinensiotr NOVS ,
specify.:a dinension table definition to,,:be the sane as an%t‘l;er, tzgﬁ/c

definition forthe same di nension in another,data, man. |In thi;fseasky, t he:
two data nmarwoW72l&€hare t he sane target dimension table. Qutput records:
for the dinension fromboth of ih&datamarts will be nerged into the: sane
target di mension table: indeed, |ane or _ nore data marts could output's
their dinensional data to the! sanme target table. Fact table definition

(including I""i$t_of"irne uret? ili® B&rgenerat e& Eachdatamart definition
wil Leontai n &ne: Pupsnsiopable gelRikion st ™ "o 1 aps definition contains

col u. minformati ofnd idkBensioR! bM8. gesfimitianolist ctatsns pypakimensismatdbie val ues; ands

ot her dat abase rel ated information. Mreover, the.user a needs to
identify, which adafiniioncenirydar quhsdugwlonvﬁla@'hdlg}cgsm? Eaeble heRlinse

heasur e col ums.

There shoul d be op §icthn HiBmiaBof Qkd E0AA Polifort data Whhespdsayle . T e data
type of the key c%?%ﬁﬁs?lcrmst'? ib+ea'? coher ent (*with the, data type of Ahe key

col unm speci fi ed vallest laed dxher dotabasetalsled intormariqn; Jfprequen for fa 2003, WO
DOML6S b T NSO0L145ga B Gler TRASHER GUHR SRAHI: RO kGSh of L0 @ Measure
e de

definitianu. Each, “*HE8s inition specifies an aggregat!i'on, type!:
and sone nmeasure gfiblI@ésiimn.Fooatrjtue copumnsf each coluiph eorspeMi@an an |

t he?aggt ~eganon type. Ini th resently preferred inplenentation, these
aggregation i typé‘?“&i“@‘@ﬁf(fﬁgﬁ“?“ed: : maximum  monimum, sum -average,

wei ght ed average .(which involves the colum to be averaged and a "weight"

columm), count, and. fill (places a given,,6 val.e into the agaregate) O her
types of : aggr egat luaead ofi spreduag p pew l‘)‘glﬁ %SBP'BBJ%%%"’FWWT“F%Q Hay*

specify a dimension table definition to be the same as angther table
definition for the same dimension in another data mart. In this case, the
two data mants will share the same target dimension table. Output records
for the dimension from both of the data marts will be merged into the
same target dimension table. Indeed, one or more data marts could output

their dimensional dara to the same target table.

7. Fact table definition (including list of measures to be generated.)
Each data mart definition will conrain one fact table definition. A fact
table definition contains column information like column position, data
types. default values, and other database related information. Maoreover,
the user also needs to identify which are the key columns and which are

the measure columns.

There should be one key column to correspond to each dimension. The
data type of the key column must be coherent with the data type of the key

column specified in the dimension table definition.

12



i npl enentation Instead of specifying a new fact tabl e=def iziprmj\brz{]g@e
current data mart, users may specify a fact table: definitron trom anot her
data.mart..ln this case, the two data marts will share thg ,@Eio:“dgqrget
fact table. Wybdisissaggregate records fromboth of the data mart;s,wll be
mer ged~di nto, the same target fact table. Indeed> one or nore data nmarts
coul d output thérr fact: data to-the: sane target table. A list of fact
aggregates is the output of the aggregation generation process. It
contains fact data in both rinput andl aggr eﬂat ed | evels.. TEaechI i st~ nf fact
aggr egat es ser vesEmh neasurofolume showd carespond i a ggpsyrg,grtiniuon.
distribution.algorith,rn of..the | L QR and Esthd te ABghEEAt e record
contains a,: "Wé?"’t%ﬁtﬁ“}tﬁf‘ﬁpicbﬁ%ggﬁléé}g‘r&rt}%hwgﬁrda drrgfszgﬁproduc‘s. | evel code

' combi nat i on groandle ibut tR1 nbleadppereiing edithe megrsgation tYPFhEn the @5isEMHas t he
followi ng:logiral'-flepresentation: Key K |L"e [N I el (neasure,
There shoul dPﬁ@'ﬁﬁéWEﬁ"@F'@H“’ke‘bﬂfdﬁgggﬁ%ﬁwgypﬁér'?g'i %'%l.pb%dé:n?dgﬁt%’n keys are
best represemiﬁ%m shil S@fak, \og{gheasve(-m;(whhaynvoaresmcdqmmmmmesent) +, !
preferred inplementation) because they rﬁr? f?ster .to:vcgurrp L& but ot her
data types cowéragedisad efiweigh colembepunt and fill (plapes 3 giyen valus O g o i i o iy
:the same order ar ¥ 810 L id @ Bsily M Mndpdtated Gntbthei~~w, - . ~y. a.
di mensi on de##%ﬂ?%hbfﬁgﬁiesngf% °éyédga€‘g, Oran gtructure. However, this
is..not a rdmplemenmation.. They coul d be renmapped into the desired order as

will be described Ilater. The | evel code conbination represents the cross’
product, | evel

Instead of specifying a new fact table definition for the current data mart,
users may specify a fact table definition from another data mart. In this case, the
two data marts will share the same target fact table. Output aggregate records
from both of the data marts will be merged into the same target fact table. Indeed,

one or more data marts could ourput their fact data to the same target table.

A list of fact aggregates is the output of the aggregation generation
process. It contains fact data in both input and aggregated levels. The list of fact
aggregates serves as one of the inputs to the data mart distnbution algorithm of
the invention. Each fact aggregate record contains a key to join to each
dimension, a cross product level code combination, and a list of aggregated

measures. The record has the following logical representation:

[Key, | . [Keyy [Level .. | Levely | Measure, [ [Measure, |

There should be one foreign key for each dimension. The foreign keys are
best represented as integral numbers (as they are in the presently preferred
implementation) because they are faster to compare. but other data types could

be chosen. The keys in the record are ideally listed in the same order as the

13



combi nation. that the current aggregate:!recor&corresponds. 4 d. NB¥cBi03evel
code' represents an aggregation or detail |evel fromeachiidi nensioni, It
woul d be. sinpler if the levell codes are in' the-,same  pcpusowiaays
order: ast be-woicor2ési orrrdefir-iti6rtlist. specified in thedatainaar't
structure. However, this is;not aarequirenent. Based on: the |evel code
conmbi nation, a determnation is nade of whether an, aggregate record.
needs tole witten, to:a particular data mart. The | evel code comnbi nation

may al so contain, detail l|evel codes fromall  di ofps. i ndt 4 hi s case;
the record diseasionidefaition ligh/ 3| ‘ﬁFé‘E'L“ R S e d lEhe%rl;bglzsqueg, may contain

the same val ues. as 3., LdY e,@ﬁ,gﬁpeameﬂdddﬁmMcngswmrbﬂdhsﬁ&gbr egati on
types. - Some- 44 nens ¥my require detail |evel aggregares:to be witten

OUE. 1 Measur ggerare the aggregates generated for the record. The list of
measures mnust be a superset, of all neasures nguired byall data rnarts.
The neasurescould, be listed in any order. As, will be ,described itl.a

| hter section, thgh@rigvet~addet bembinamsu rapsesews| e berope MEPANSH €% t he desired

order fordata man popul 'ation Sin=-_ . L fi i EabE Idvaldoddggr egat e
record are. SOMbINAUQTEAY RE TSP pRLesd a%%ﬁ%ﬁ%k ﬂers',t users al so: need to

define a fact.3gQnRaal %gfe@ﬁtﬁfndor diafii Riveli fom hble difednisiont loweul®8l d contain a
list of fact oecord fi

el'd, definitions. Each fiel ef it contai ns an
enuner ati on Mimples i€ thedevgheadseare ig HE‘F'P%P%‘T ?Jhﬁdﬁ%eyf’,glgﬁg\glfé‘}'heggﬁe, or
measure. If the fi [ KEVructBfe: How Ve this 3@dea requiremeni. agkdaef i ni ti on
woul d cont aisﬁecééerd‘ékg}cgaggr:lto ?ﬂe,edi rnensi on : deft hi éi on. . 1f the fieldis

a neasure: ; ithe Idviiedode combinaricani @ MexITINQNOY tBAdR Oh WHEREL PLIGRETEES ¢ =
1fi e, fact:record deftnit;bh al euid data mharti@He (el EDdY\EEMmBiRatiba2 165
- | rrbation process, to , now t eachifi [
PO Usox 1449wt needs Fubepiled o R et P _ ow wha hifi |di
is,referring fgy A8cdneiimgetsiblevel codes from all dimensions. In this case, the record
is a detail level fact record and the measures may contain the same values as the
input fact record depending on the aggregation types. Some data mars may

require detail level aggregates © be written out.

Measures are the aggregates generated for the record. The list of measures
must be a superset of all measures required by all data marts. The measures could
be listed in any order, As will be described in a later section, the order of the

measures could be remapped to the desired order for data marnt population.

Since the ﬁelds;'m the fact aggregate record are not listed in any pre-
assumed order, users also need 1o define a fact aggregate record definition. The
definition would contain a list of fact record field definitions. Each field
definition contains an enumeration to indicate whether the field is a key, level
code, or measure. If the field is a key or level code, its field definition would
contain a reference 10 the dimension definition. If the ficld is a measure, its field

definition would contain 2 measure definition. The fact record definition allows

14



field accordingly. Thee isone list of dilrnension tecordsf od LDV 2003
dinmension. It contains both input |evel and agg egated!! I eVeI
dirnensien-"ai recordsu F ch dinension' TCcord contains 0”‘? 41evel
code, a |istw@borids i butes, and- am optional ever active svm ?1
| i srof dinension records also Serves as an input tu.the data mart
distribution: algorithmof the invention. The follbw ng table shows the
.logical picture of a., dinmension,.record: Ivel nods Attributes,
Attrl butes, Ever active SWI tch The key field, contaiins the kegof ~t heI
current di MeRg @nnbmmcpmt)zssltplkyows\*hﬂ‘ gach ﬁ?\‘f‘éﬁF%F“'\Fa‘PdE PSP FACh presently
preffered irnptenenratjon :for, fast' conparison.. Level. code is: a uniqgue
level identifrlatHdPB¥ndi cates the (derail or' aggregated) |evel of the
current record. Level code is-an integer' in the presently preferred,
i anl pl ernentation _for fasf c ari.son [ r epr esent
the attribute val Gé%"b‘f‘““&h?‘@ “s"l’—'tffc°(ﬁ%stf§iriref‘8'%§g%s§)%dis%%ﬁ[?]hys&%onsal n the
sane val ues g, 1dvBfadd pidlegardd MRBISifngienabredsrds. Fitnch daggﬁé@dbwrécords sone

attributes ma onta| n enpty val ues,be ause th‘%/daare Ih %J{Qutes

over ~whi ch, tdoethms orackeysa leV%ig’@F‘égaak'sé afErgpulgs puiona bervﬁn evel

di mensi on 1 ecordy MRy 125t gﬁf\éﬁ b Ricofds Al Gérves NI ing 1 ihieLagn friaktl ed i
because each |“B recor ?s an aggregatl on ove{ l;r‘a X |nd||V| dual
pr oduct nanesmstﬂnﬁhlonalngmnf the ig@nigy T foliowing table shows the logica

picture of a dimension record:

[ Key | Levelcode | Auributes, T .. [ Aurbures, | Ever active switch |

The key field contains the Key of the current dimension record. It is an

integral value in the presently preferred implementation for fast comparison.

Level code is a unique level identifier that indicates the (derail or
aggregated) level of the current record. Level code is an integer in the presently

preferred implementation for fast comparison.

Artribute, to Attribute, represent the attribute values of arecord. For detail
records, they contain the same values as the input dimension records, For
aggregate records, some attributes may contain empty values because they are the

ateributes over which the record is aggregated.

For instance, a brand level dimension record may not have the product
name attribute filled in because each brand record is an aggregation over many

individual product names.
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PCTI USQOr 1449. 7 They optional ever active switch is;,a bool eQn \Jﬁ@v whi ch
i ndi cates whether the current record has ever been active inii

or;.in any previous aggregation generation process. The SV\béﬁhsdnﬁUﬁed

t oget her wi t Waag2168pt i onal di mensi on! ~output fil ,ternms flag,to filter

di mensi onal output. As nentioned before,,the out put filtering capability,
is not requiredfor ‘the nultiple data mart, popul | atior technique, but
i't'i's found: useful. to be part of the popul ation process by some users.
If the ever:active switch, is, not used, dlcgens i onal

t
records will not AdedIprposl FyenaftvEsPaich is Iafb‘}“#é’“e\?g‘\‘ ‘5@“‘ “Witch is used
them t he di nen by ddB@e SMVah Barirhdrt Bieimariyo be
per si st ent so% ﬁt'h%t”{' Egﬁe\t/ééfcgghgbﬁéeve}mﬁ l!alat a ?rar tasf z(l)[ut put: filtering,
option could pr&umtaggmgpmqnmhynon progdse Thessdish isussd gestheeyi) 5 ement at i on,

a master database glgv i d Pd fﬂm%gcﬁk&diﬁp@ ang,gmml Buth@ she

di mensi on, r ectH§8? leel I's nmalntalned as a book-keeping
activity duri Renbatdbéraret :haewha‘ﬁltmg c#pabiineis nodl@qwredrfoﬂ thmilipls ovi ded
later in this,description the fie

dhit
not listed i n@h?%?@%@‘?ﬂr‘?‘f;ﬁq“&bﬂﬂ‘sfcﬂ“ggl”?ﬁéﬂgg éqr[lgzggg#lggttm;ecglr e

di mension r ecg ?esgq;y' Sdrhd Qkrs. TR ahe @Qéri athive (mmcﬁomtrm méeda thd ilist obf di mensi on
record!field tefinitions. The: field definjtio cont ai ns tcgdenumeratl on

to indicate wdisensional recordseyidl not segsd Ry persigien}- H%l‘??é"’&t’“‘é‘xﬁ Ui ve
switch. If- the, {l.gl :ﬂ | Smaicl lebbRUbgeG! With the Swidnelll defd id bé i on woul d

contain a-- re?er ence o I'ts 1 nput-dinension colum. No additional
i nformation i persieni soetiatithe : eveanuery i ideth anass” PREUIIEHng OPHYRCWd t ch. ' i The

di mensi on. .record definit al | o Shak® know what
each field.is WEHYHRIG! !ﬂfﬁ @ggﬁ"quhﬁj n‘egtﬁggf rﬁ%ﬁﬁ& BGURE 2 shows
the contai nmendy mﬁ@éﬁbf@eisdﬁhﬁnsxbmngnmmﬁ dredirhersiinlreconds evargdennFhis

defrnitionsrt q’g[g lsrt]naa\xlrﬁmgsfag ag‘gor{[ L&Qﬁg acatwuyﬁunnga%ta mart population, Further

description is provided later in this description.

Since the fields in the dimension record are not listed in any pre-assumed
order, users also need 1o create a dimension record definition. The definition
contains a list of dimension record field definitions. The field definition contains
an enumeration 1o indicate whether the field is a key , attribute, or ever-active
switch. If the field is an attribute value, its field definition would contain a
reference to its input dimension column. No additional information is required for
a key field or the ever-active switch. The dimension record definition allows the
distribution process to know what each field is referring to and remap each field

accordingly.

FIGURE 2 shows the containment relationship among different table or

column definitions that have been mentioned above.
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2 1 Nov 20031 WD 00172165 PCTPUSOOf 14497 ; The data, - mart

popui ati ontechnige of the invention is very diffetemf rom' 2 i)rmw

popul ati ontechnique sin that it closely ties the dinension tabl @ UM t h
the fact. tgBlegrdigs each dat&nart.:In a, sinigli ggregati i 14?7 on
process.. itallaw& nulti pie data marts to be popul ated' : Each datai: matt
can represent +adiffferent star schema, contain different dinension
attributes, and,Pldifferein aggregates. Furthernore, data partitioning is
all owed so, that.data.marts may:share: the sane dinension or sane Pact

tabl es. Thus. di mFhedmamen pdrabition teghigus of thednventen 1f YEHIITREPE ™ an one dat a
mart wll contain energed.dat. . om. f. 3 Sisthem of the
specific enb(?d?vr‘r‘éﬁi’°%‘f'g‘t°ﬂéeﬂwggérlstl? %{l %glgﬁ@ @éaﬁl{e&lé‘g}%@gs't he fol | owi ng
conponent s:.. :fac@aHlein BBdhidasatriarc Tnug single agdregatiomgantmarion praeess. ikdlioMsensi on
witers (one witer per dinension): .JThe follown ' escribe the
desi gn and WHP@)‘FIP'SSE‘PMBF&(PPPQQ%H' Eéraﬁﬁda‘?ngqé?éhgggig%gﬁggi%%panents.
Based on the ahgue thiedin SREGkAI Qfndnsfonr Biitues, ardhdiffennor sgatdgaws.coul d be
anal yzed and ‘structur ed int ernally: as depicted in FI %}JﬁRﬁE g This is
referred to Bsthetmorelaiats panitioning icalioied st 4f3 mats Py 085S S4B ovi des
access nethods for. o gT=Yen elableb @énedat A frBRI t
attributes: sp%&eﬁ'%"d&g%kﬁsfg%‘?bq hgﬂg%gve dtg{ltgpfr:grt rset rguré:t ure is

construct ed! jagreahal oneidag ramewiliswontainspensed duifromtkasedt? BS-The cross
product table is the. data mart structure contains a |list of crass-product
| evel code and d'atamartibit vector pairs.. The |evel. codes in each cross
productare: : | i st edriensystehe of stanepecifior chabodisens pécthé iirugniign dessribid ncnsi on
definition list The bits of rhe, data t birly o] e di in the
sane order asi“.""“@b@\?iff’l‘%‘ﬂ‘“ﬁf?‘“?ﬂ‘é’“ﬁfaf’ar@%aa?’fm 531‘“:?'%%{ g%[ ﬁriskl[tskﬁﬂe The
cross. product Hﬁ@hﬁn §ARKAbRwrerdeAdimession) Sthe il looimgsabsectimhs désctibvel  codes

required by a ata:marts~ It i's obtai ned by rr_ergi r1]19; t he: cross product
| evel . codes the design and major operations of each the three main systent companents.

Based on the above user-specified information. the information could be
analyzed and structured intemnally as depicted in FIGURE 3. This is referred 1o
as the data mart structure. The structure mainly provides access methods for other

systemn components to get the data mart attributes specified by users.

The above data mart structure is coastructed by analyzing the user
specified information. The cross product table in the data mart structure contains
a list of cross product level code and data mart bit vector pairs. The level codes
in each cross product are listed in the same order as specified by the dimension
definition list. The bits of the data mart bit vector are listed in the same order as

specified by the data mart definidon list.

The cross product table contains a distinct set of cross product level codes

required by all data marts. It is obtained by merging the cross product level codes
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17'-' 211; NOV: 20a3 WO Gorrz165 PCTI USOQ 14497 ' specified in. 24cN0Y¥apgn3
mart; The table is sorted. by the: level, code corrl binaxion to speed up
searching. ;Level, codes, are integer values- in the presenpdyuioifnred

i npl ement at | MO WORIF ast cornpari son. Associated; with each'; levee ! code
conbination is a bit .vector which indicates the: data nmarts in which the
cross product 'i's participating. The values in, the cross;product table are
constructed by parsing the list"of |evel cross, products~:in each

data.rnart ;' ~adding each new | eyel .. cros 3 § alibEwot abl e” and
setting ;the W‘ﬁ@ﬁ'ﬁ‘ ’Gﬁt%i“m?ﬁ"gr?ﬁf Qe 15 39 ed?&%g elﬁﬁfv%rrnbf ound ent ry The

nmeasure defi ngngécf) LiSdhinga Nevel ic6des Qe inesgeVatuesiin theepresendy arefertpiner ated by .
further:anal yZin [g??the: . data mart definjti ons, The neasiig ggJé nition |ist
contains t di snglemantasion & fAstSQFRARRON; {ISPPPHES (WY  HFR FéGuiTed by al |

datarrtarts: _The GO bl @138 Gndidardsithelidig miahe iniwhitt ehererasur es
req}tired. by %(’J'&rbn?"%‘%gtl?s?ggleg:g{ hlgf _eacFl, data,, nman.- Each . neasure
definition i sprodut(ypmiicipatiog Tk veldes inghe crass product SRR FUEIPHTRRDY neasur e

colurnn(s)anti its aggegarion Tz <0 MV LARew ®dvel ), The i st
of neasure bi P“"?/‘E’efh&gg[ ‘g@ﬁ‘fe frﬁ%ypgﬁ%'fcgﬁ? F‘%“Sé‘? dat addr?;ﬁagr?'ﬁggc_h- nmeasore bit
vector indi cat@ss fro@ucTempubee tbletand satingihe Fueeht datn marsbit ©ob éBHpndi ng

data mart. The two lists are initialized by |ooping througheach neasure
definition omeYREfUBBEN bl e f om each data mart. The maj or steps.required
are indicated in the. follow ng pseudo-code: // martfleflLl st

measur eDef Last, and neasure Bit Vector List are the data mart éjefi nition
list. measure def t Thelmeastre defipision lighind fistaf measiee, Pit vesiqrs B EFRTLY espect i vel y

that /] are rg?i ﬂ}tﬁeirnaegl)jzﬂgttng ddat Rar Wfiditisrs! ThE Uhdsure definition list
contains the distinct set of measure definitions that are required by all data marts.
The vector is obtained by finding the unique measures required by each fact table
of each data man. Each measure definition is uniquely identified by its
aggregated input measure column(s) and its aggregation type (e.g., SUM. MAX,
MIN, etc.). The list of measure bit vectors contains one entry per data mart. Each
measure bit vector indicates the measures that are required for its corresponding
dara mart. The two lists are initialized by looping through each measure definition
of the fact table from each data mart. The major steps required are indicated in the

following pseudo-code:

// martDefList. measureDefList, and measureBitVectorList
// are the data mart definition list, measure definition

// list, and list of measure bit vectors respectively that

// are maintained in the data mart structure.
InitializeMeasuresInfo 0 {

// initialize the list
measureDeflist.clear (J;
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Initialize Measures Info Q{J / / initialize the |ist 21N0V2003
nmeasur eDef Li st, . clear 1811~; WD :00/72165 // first find the unique: set of

measure definitions for (ii = Oi <rn DOAList. size ~ O peiisobhsays
vColunris = WOMOI2YEf 14" marts]efl.a stli]l,!factTabl eDef, GetCoI um O
[1""1oop ,th, ro-ugh eachi,colurrui in, target table for.. = O] < vColun
ns.size-Oj; ++) if (.vCol unTIsLjI | sMeasure 0) ( //"check if th'e'
rneasurr, def is;,already, iniltie [/ /" current nmeasure def initionl |ist.

f oundl ndex fi ndMea. sureDef (peasure ghnsGet Measur eDef ()):
/.: if new i neasM/@SFfmﬂﬁBﬁﬁg‘F‘mfé?m "ME Mre de\ﬁ%ﬁjr eDef Li st. AppendEnt ry
(yCA uannsUL. Get h@agw@wuﬁrweﬂdd sieBure) bit vectorito: the list: one per

data mart for. %P c_ martDefUs t.Size 0" .i++) (I vCuluinns _
nlartDelestlllfactTé{ B’[%? TCGet Cral urrnns |||t|a||z neasur.e bit vector
bitVettor = 0: martDefListli].factTableDef.GetColumns ():

// loop through each column in target table
for (j = 0: j < vColumns.size 0§+ {
if (vColumnsljl.IsMeasure () {

// check if the measure def is already in the

// current measure definition list.

foundIndex = findMeasureDef (measureDefList.
vColumnsi|j}.GetMeasureDef (});

// if new measure
if (foundindex == -1)
measureDefList. AppendEntry
(vColumns(j}. GetMeasureDef 0):

// add measure bit vector to the list: one per data mart
for (i = 0; i < martDefList.size (); i++) (

vColumns =
martDefList|i].factTableDef.GetColumns ():

// initialize measure bit vector
bitVector = 0;
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z 191. WD 00/7216S" / |/ loop ,through each, colum in. targegz Eﬁapgq 0
for,,(j =@ 0; j <vCoiums.size' 0: JIlr}+) i if (v olun-nsy J=Ts sgqgm
U/ / find the g\ re definition tramthe list.: [/ /the: Aeasure -
definition sm%% %’g found' | foundlnde ¢ = fi ndMeasur eDef

(nmeasur eDef Li st, . vCol ums, Ul, Get Mea .reDef 01: neasureBit 11 foundl ndex;
bitVec.to.r = biffec:tor:~;1 neasur'eBit: J/ adds the bit vectori of
requited neasures to the neasure BitVectorlList.AppendEntry (bttVector)::
Onceahe-data mart stryqbsy tnroGiglt eacti coloterdin fargétdabieai | abl e for ot her

system conponents,to que%égﬁg%sgeg_isyef??; 8_3{;31%% ers. The:foll ow ng;

listcontains all thefoRlE req or,the data distribution
technique, 1) Al Masu DafCslutnnisiihsMamsur@ldsDef = Get MeasureDefinitions O
cone CGet::a constant: reference: to the. Measure definition list. The

vector comains Al distinct: neasures required by all daﬁsg marts, Each
measure definition, containd/ find Shermerswresefintdor FarLhe ¥5h type and its

input measure col um(s). ., ; 2fthmbasibe)icARinkh Qyildd beTomdveasur es =
GetRunivleasures ()const foundIndex = findMeasureDef {measureDefList,

vColumnslj). GetMeasureDef ()):
measureBit = 1 << foundIndex;
bitVector = bitVector | measureBit:

// add the bit vector of required measures to the
// list
measureBitVectorList. AppendEntry (bitVector):

Once the data mart structure is constructed, itis avai lable for other system
components to query user-specified parameters. The following listcontains all the

access methods required for the data distribution technique.

1) 1l ] efinjti

vMeasuresDef = GetMeasureDefinitions () const

Get a constant reference to the measure defimition list. The vector
contains all distinct measures required by all data marts. Each measure
definition contains information of the aggregation type and its input

measure column(s).
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PCT7,U Soul 1,44Y .1 Get.t~he::total no. of..nmeasures-i-n th? ?a&& mar t
structure. r is the some as the size:of they neasure~defiinflti VZﬂﬂgt.
het Measure Definition IttdeX index=Get Measurel ndex (i constpepusvunaay
measur eDef i nwoioomA6s def) . corest: Find the specified neasure detfinition in
the measure definitions lisi,or the data mart structure; It returns a

0- based, i ndex of "t e neasure foundin the Ilist. If the specified neasure
definition is- not found-the nmethéd,teturns -1. 3) Qaz Ala D nension
efinitiM vD rnensionsDef = Seﬁ rFﬁnsi onsD ef(i nitions 0, const:: Get

a:: constant ref er anodeagures ¥ GENKTVICASETESH “G8Yi ni ti on" Dist. The vector
contains all dinensionidefinitions., 'ach dinmension definition contains the
di nension output. filtering flag and! |evel codes and copditi ons
nutnJ3i mersi ons = Gaatheun®i nre Ak mersgrepin e data magh stpgtugeo iy the, M.}
ini:the: data smarf str u f b S ame as the size of

t he: di nensi oni i dcf‘f“hf'ﬁ%ﬁf’? %‘?%S#Ederrﬁr%‘hgﬁgfr De tniticni 1gglex, index =
Get Di nensi onl ndex' (const dit te:nsionDefé& del;const.. 2'1iii 1 wa Otil 72165
Find the specifiedditensi ogE gefj ' Eiéi *"dh in:the, di mensi on
defrtition,liskof S £ DA% cture, It reou & a O based index of

i the di mensionlif oypgk = GetMdaeurkingéx (cbfist measureDefinition& def) const

t hespeci fi e~ddi rnensi on,definitioniis-riot found,- the nmethod returns.

-.1. 0 5nr atl Data Mart Definiltions vDataMl rtsDef' =

Cet D. traMert Def i ni g qieSp&RMiSheasure definition in the measure definition list of the

data mart structure. It returns a 0-based index of the measure found in the

di nensi ons

list. If the specified measure definition is not found, the method retumns

-1.

3) 11 Dimension Definitions
vDimensionsDef = GetDimensionsDefinitions {) const
Get a constant reference 10 the dimension definition list. The vector
contains all dimension definitions. Each dimension definition contains the

dimension output filtering flag and level codes and conditions,
numbDirnensions = GetNumDimensions () const

Get the total no. of dimensions in the data mart struciure. It is the same

as the size of the dimension definition list.

3) Get Dimension Definition Index

index = GetDimensionIndex (const dimensionDef& def) const
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CGet a constanc reference to' :th'e! data mart definition list- ZTHeNgvcgqﬁg,
contains: the definition' of all data,-marts. Eachi H data mart defi ni n'.
contains the di éi on and,.fact tabl,* definitions as descri.bed -----
inlisecti on'wo'i"ﬁil], 4 Get Actiive Data Marts fora Crass -P. TOduct~ vManBits
= GetActiveMarts (const erossProducti $vel Code& 7. prod) Coast G ven a
cross product level'!conbination, is deternines which data marts w 14 need
to generate the s:pecifted&ross, product inits fact output.,. hi’

basi cal | y searcheg &{L%is,g.{c idRF@EiR Hefiratibrain tlediménisivtl defiison Bpeti f i ed cross
product. The. return ng; oI lt vector isi indexed the&s‘iﬁme wa% as, the
d6tairnart def i nint demmarAtrugtus; If resusms 3 Qsbaseq indexofibadimgnsotiOpdd, s hondi ng

data mart needs 1o ggn re{;.é?;lﬁ' in RRGALE sedt PURE SHY @etked . . 6) rive
Measures for vl\/lea‘é"éf“{"gst ?‘5 ] veg;ﬁgmee%tsﬁres. (const dataMhrt Def i ni ki on&

rvart const ._ 2gturm-1a0f 72165 vMeasBits = Get ActiveMeas:ures: ('int:
iMhrt) cons[ Given a,data mart definition or a d edtnart index. 'if
obtains the neasurebit. vector for the specifi'edi data mart:~The:returnirt
bit vector igyindexed]l Datdveiaf PEEniGRYs as the rneas:ure~definition;list. X

bit:-set to 1'indicates the corres ogagzli.,n% rregsur is required fbr the data
mart 7) t Active I!Dﬁ@mﬁﬁﬂeff‘f:'ﬁp‘”awf“v initigny APt s = Get ActiveMarts:

(const di anensionDcfinition& .D:im c-onst |evel C&de& code )const

vM artBits = GetActiveMarts ;gi nt-iDim, consttl evel Cod code .)const
Get a constant reference to the data man definition list. The vector

contains the definition of all data marts, Each data mart definition
contains the dimension and fact table definitions as described in section

1.1.4

5) et Activ Moarts fi ros c
vManBits = GetActiveMarts (const crossProducilLevelCode& xprod)

const

Given a cross product level combination, it determines which data marts
will need to generate the specified cross product in its fact output. It
basically searches the cross product table and finds the specified cross
product. The returning bit vector is indexed the same way as the data mart
definition list. A bit set to 1 indicates the corresponding data mart needs

0 generatcloutpﬁt the specified cross product.
6) et Acliv asures for g Data

vMeasBits = GetActiveMeasures (const dataMartDefinition& rMarn)

const
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Get tbc data rnarts that need' w ioutput dinmensional rccor &-02 1tNQV 2003

specified level in the specified dithinsiiana This function basically | oops

t hrough the.cross oduct table ands matches the: specified.level-code: of
the specifi S4O8P

ion inieachlcross product conbination. It then:bitw se
O Rs the data man hit. vector.fronf"each found!cntry. The returned bit

vector is indexedthe same way as the data mart.definitii+n:list. A bit set
toy | indicates;the corresponding data nart needs to generatel Qutput the

i nput, |evel cross product .Gt ctivel s Cauvery Si d ata
vLevel Codes = Get A&’&P%E" tgg‘(vﬁm‘ﬁesgfmkﬂsﬁgﬁ%ef nition& rbirn. const::
dataM anDefintion& rMart') const : vlLevel Codes = GetActivclLevels (i.-tt

Mi n." int iMart) const 23,1 2 1 NOV 2003 wq' K 00/ 7g3.65 r' .e.aqum/.U ZUUf CyVv

7+ . Gvezi a :: diGieenss darmendetimition psp date maripgex; HAPIERS thg 1<

correspondi ng:' i “dv%.;)&?.sfgr{hkﬁﬁe%ﬁigﬁ‘ahQ%& TiRYeRiing it Ydcfolr isSnddxed
cobb‘es e i i

di stinct:.ievel romt speci fied di mension where the |evel arc in
the list OF cross the ssheovay asfthe medseresioBuition by A Ritaet QA IDIENFSINe har ¢ cut | ar

dhta man,; whether_a dinensio . | e Qbth Ridt €d; to a target table’

depends one whet hePFiRO" ‘B%‘F%“ﬁdé%gﬁ%tﬁ"t‘u pated, in any cross, product

conbinations of: its fact rabi and the
1b) et Active Data Marts for a Level

vMarBits = GetActiveMarts (const dimensionDefinition& rDim, const
levelCode& code )const
vManBits = GetActiveMarts (int iDim, const levelCode& code )const

Get the data marts that need to output dimensional records of the
specified level in the specified dimension. This function basicaily loops !
through the cross product table and matches the specified level code of
the specified dimension in each cross product combination. It then bitwise
ORs the data mart bit vector from each found entry. The returned bit
vector is indexed the same way as the data mart definition list. A bit set
to 1 indicates the corresponding data mart needs 10 generate/output the

input level cross product.

8) Get Actjve Leve ive imensi d a Data
vLevelCodes = GetActiveLevels (const dimensionDefinition& rDim,
const
dataMartDefintion& rMart) const
vLevelCodes = GetActivelevels (int iDim, int iMart) const
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val ue of the dinension output filtering flag' .: The "Fact wi q%
functional conponent, responsible ffrgenerating tF-e fact ta y ?mgfl
data marts. It takes the list: of fncr agg egate_s andl.irs.ur&cm..d,,
definition a®Ope34eS, queries the data imavr structure for other
user-specified paraneters, and outputs a! fact table: for each, datamart:
Nate thara, fact"tablée may correspond to nore than one data nmart if

mul tiple: datalrnarts have specified to merge its records to:the sane fact

tabl et As, nmentioned previousl ach fa =Tt f@Rgains --a
list-of keys, IeGeieﬂdb@éE“S“’a‘hg ‘fr@aflg'ﬁrrg d ﬂgmg‘s'g?'tﬁeﬁ P&%,o | evel codes;

rand measures- - E% el eSO HbhBEs bﬂmnbﬁlmmftdhﬂm:lsb:nd cndcsiérpma@e t he
di nensi on, definitionm h st and neasure defl hﬁ data mart

structure: Their opedified dimensiopadiers g IEVFlY “FHE l!fgf’f %ﬁfﬁrprbaz}} € record

definition. Thus', the g W | Eof b panfibhibr dalemsk, \ﬁrﬁ:theradtmﬁpls’@ﬂ meppi ng
schene tore-posi tl‘l?frfpfﬂge%%}q Umms- from the ag %Begat es rec ' based!! ein,
P

the di mensi on and regeasisratmuedro pnargticabledepenfn Py Wheey Bt ?f‘r"é‘I "t ernal Iy,
LD Tact e iciraiea qp éﬁyp%g%st&o&a é‘o‘?ﬁhm;{?ﬁﬁ%&f @ ¥ac@Bleand ke | evel code

posi tionivector" arvari 1 On vector e:size of thekeyand | evel
code position vectQlueiof the@ifersmmugst Gleringdaper of di nensi of I L The size of
"the measure position vector is the sae as the size of the neasure
definition list an the data mart, structure. These vectors barital'1ly

contaii the col unnn[%mﬂ&m@ ,@afu%énoml cnmboh&a:/resﬂﬁmle\ragawmm PC
f USOQ | aa9T 7, eys, level, codes, anpd sures frorljl’rt“hg JLaFr agg.regte
record' s. Thegacarables fisred, datomarts. @%ﬁh%b““&ﬁ%‘ BETERAS 208 1P I8 t he fact

writer could! ocess the Ehdha meE QfriSurenfok lbfhed aiser-ghecifiessi on or
measur e order &I ‘é?i‘e%“ FPEY %?{she 3% mart structure facuzr\]:‘:fefm | owi ng

pseudo! - code- da@meters} hd cutpaisaEacd pabmfgwclmlatqq@wt 1¥pte thata may
correspond to more than one data mart if multiple data marts have specified to

merge its records to the same fact wable.

As rﬁemioned previously. each fact aggregate record contains a list of
keys, level codes, and measures. However, the keys, level codes, and measures
are not required to be in the same order as the dimension definition list and
measure definition list in the data mart structure. Their orders are specified in the
fact aggregate record definition. Thus, the “fact writer” will need to sewp a
mapping scheme to re-position the columns from the aggregates record based on

the dimension and measure order in the data mart structure.

Internally, the fact writer will need to setup a key position vector, a level
code position vector, and 2 measure position vector. The size of the key and level
code position vector is the same as thé number of dimensions. The size of the
measure position vector is the same as the size of the measure definition list in

the data mart structure. These vectors basically contain the column positions of
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different position vectors are set upi The input to the functlgn V
describcd,therein is th data mart.art cture. // After execution, oq [2%3
function. thie keyPosVect:i [/./~~xProd' PosVect. and PCT/US00/14457
rneasur ePos\Wwotweneors; are setup .far / /:: remapping colurs ts,from fact
aggregate records. Each item in. the vectors will contain the

correspondi ng ¢ol um: position 1 &m the fact aggregate record,,
Gonstruct Remapj i ngVectors 01' //'initialize size::ef position vectors..
keyPosVect ire size (data: MartStructure.GetN m irnensi r:ﬁe)(%

XPr - odPos Vectthe kcqs.| Imee) EoklescanpEmenssires, oM tae 'tﬁgfﬁ""reﬁi'é‘?‘l’ “ons= oY

measur ePasVcct . resi ze UGt HaCmEathumMea gsll@ prddess, :hi:oop t hr ough
each field dé‘\se rl%ﬁ"&gﬁga‘f}%@gg{“g P ?‘“aggregate recorcl for (f 0: 01.6

f act Aggr Recoradaegmsrezﬁdammme dmensmnem@%pr%wmdm edfig + 0), {
di rabDef =:: factA r Re @thQ\/NBwo
00 02365 /1 (mAH SRS, ey BYne e ShTHRicR, i midor pd of o e,

di nensi on -def §;ftlefositibh vecars ad serdpx The input'to the function descnbcd therem

is the data rmart structure.

/7 After execution of the function. the keyPosVect,
// xProdPosVect. and measurePosVect vectors are setup for
// remapping columns from fact aggregate records. Each item
// in the vectors will contain the corresponding column
// position from the fact aggregate record,
ConstructRemappingVectors (
{
// initialize size of position vectors.
keyPosVect.resize .
(dataMartStructure.GetNumbDimensions ());
xProdPosVect.resize
(dataMartStructure.CetNumDimensions ()k
measurePosVect.resize
(dataMartStructure.GetNumMeasures ();

// loop through each fleld definition of the fact
// aggregate record
for (i = O: 1 < factAggrRecordDef.size (); i++) {
if (factAggrRecordDefli].IsKey 0} {
dimDef=
factAggrRecordDefli]. GetDimensionDef 0:
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dataMart Struucture_GCetDirnensionind x (di' ef); keyPosVectl Qoqjim r%ﬂgl
i-11 else if.-(far, grRecordDeflil!.|sLeve[ Codk 01 dirnDef :

fact Aggr Recordq%aA% .GetDi nensionDef' E find the ind e, ¢ of5di-mensi ow
defini ti on Y?8¥*"the di nension definition list. foundl hndex; data Mazt St
ucture. Get Di i nensi onindex (d ef) : xProdPosVect (foundl hdex| i
rneasur ecol unnns "measureDefl = fact rRecord' Deijil.GetMeasureDef iU, //
H nd the, index of neasure dfinitlan from the f | neasure definitions

list "in data mart structur P dbxdPdimension definition from
dat aMaxt S' tructure. Get I\/Easﬁfgptr'i‘g'\élx: (measur eDi%h) | | ignore neasure:
ndi nd'

that is not :active, i'3t Ahphedirensien definifion ex y= 11) 1
measur ePosVect (f auri dMlex! gf;ddindé = WO OW2165 2 N GV 2001

PCTI =t 15(c) 0114497 dataMarfStructur&GetDlmgnsionh:dex (dirnDef):
keyPosVect/foundIndex] = i:
}

else
if (factAggrRecordDefli).IsLevelCode 0) {

dimDef =
fact.AggrRecordDeﬂi].GetDimensionDef 0:

// find the index of dimension definition from
// the dimension definition list
foundIndex =
dataMartStructure.GetDimensionindex (dimDef):
xProdPosVect[foundIndex] = {;
}
else { // measure columns
measureDef =
factAgg;chcordDeﬂi].GetMeasureDef 0:

// find the index of measure definition from the

// measure definition list in data mart structure

foundindex =

" dataMartStructure.GetMeasurelndex

(measureDef):

// ignore measure that is not active in any data

// marts

if (foundindex 1= -1)

measurePosVect[foundIndex] = &
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The,"fact witer"” allo:needs;wW, analyze the fact table defini
specified" in each. data mart definition, [t reeds to naintai ré TaNOVi 88030f

distinct target tab-te definitions required by all data ﬁjsﬁfé i ated
with each tawgetrnebl e defir+ition, is a data man bitvecvor. a boolean
vector-,: and a ppsition vector for re-positioning, the keys and neasures

to the p05|t|on desirabl e by the target table. . The information needed for
each d st-inctfact :targets table is listed" in the structure represented
in the fol =tow ng pseudo-code: fac ~-ablclnfoJ factTabieDef; // fact:
targeLtabl e definittion / / from.data mart structure; dat MartBitVector,
/1 11st.of'data marts nerged /. irYto this target Table. isKeyVector::
bool e. an veetor to indicate /'/ key or neasure. posttionVcctor, /J integer
vector. to, indicate /1 mapping position. The foll ow ng pseudo-code'’

i ndi cat es: how t 0:TheOnsi wiet" andae.eedalwmlyzdescfmtabudeﬁmpmemﬁlnd 27, 2 1 NW
2009 wo. 0O0OM 165 !I'!" A fact tabl i nfortnat| |t|aI|zed
with / distiinegch ﬁ%‘ﬁé”f’“tdﬁﬁl“é"‘?  aesdf f‘Pa'i"f“(‘kj hf’t ot aisthle afli table

IrAtializeF a&fl’ﬁ-';i%m \%ﬁhlmd(%ygllﬁétaﬁh@ﬁhsﬁaﬁtehm&m eadth targﬂgﬂe defiabion
irifo:stored n- % witer factTabIeInf% F Q

isadata mart blt vcctor a boolean vector, and a posiuon vector orre-pos ohing
the keys and measurés to the position desirable by the target table. The
information needed for each distinct fact target table is listed in the structure

represented in the following pseudo-code:

fac. "ablelnfo {

factTableDef: // fact target table definition

| // from data mart structure.

dataMartBitVector; // list of data marts merged
// into this target table.

isKeyVector: - // boolean vector to indicate

// key or measure.
positionVector; // integer vector to indicate
// mapping position.

The following pseudo-code indicates how to construct the above

described information:
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/'l obta4n data mart info fromdata mart structure. eflList 2 1 NOV %nga
datal\/artStructure, G et DatsaMart. L7efiiiitians | / for each data nart

-(i ==-0O0 i <c mart.Defl.ist.sizZze Q:,i. ++) { ~ I'f a & tdadbuw3~.. checks
if fact tabWO W72kl -renti data mart has (!' already appearedd in the:

fact T abl el nf bLi st foundl ndex = findTabl eDefintion (rrmartDefUst{i).f
ct Tabl e)yef., factTabl el nfoLi st) martBit =1 << i:: if (foundf'ndex >= 0)::
, I/l Fif fognd/ /,mark the current data mart al so active in the sane

target table. t act’ tabI eI Inf stt H%Jg ELIQBQ daf,aMaart Bi tt ect or
fact Tabl ei nf gl iAstact-fableriaf FUEARIEC Or - martBtt:.. el se {i, 2
1" N&v ZOUSC? dFsLF‘QQ @&Ele;d@nﬁﬂ.toﬂl%/ /| construct ia new target table
entry' fac éb fo,

rﬁb cDef = rnartDeflListtilfacffabl eDef
fac-t Tabl ' el hﬂﬂaﬂftfé'taﬁwpteé} %8tor = rnar'tBit: -
{
// clear the list of target table info stored in fact

// writer
factTablelnfoList. clear ():

// obtain data mart info from data mart structure.

martDefList =
dataMartStructure.GetDataMartDefinitions 0

// for each data mart
for (i = O: i < martDefList.size (); 1 ++ {

// check if fact table of current data mart has

// already appeared in the factTablelnfoList

foundindex = ﬂndTableDeﬂntton
(martDefList({i].factTableDef.
factTablelnfolist):

martBit = 1 <<i;

if (foundindex >= 0) { // if found
// mark the current data mart also actve in the
// same target table.
factTableInfoList{foundindex].dataMartBitVector =
factTableInfoList[foundindex].dataMartBitVector |
martBit:

else {



[ | get the listof colum; definitions::fram the table vCo gqns:: Do
maxrt DeM ' st (| a' f aet Tabl eDef. Get Col u=Defs 0 /,/!,set ~the si ONﬁV.yZ(mgct or
to no. of colums factTabl eLnfo:isKeYVCctor-.resize (vColums,simU):

f aet Tabl el bf@, ik conVect ar.r.esize (vColurnns.size: 0)*,"31/"’5”?001'6‘3%

t hroughcach colum 1 n target table,,. for ( 0 O ; vColummssize 0: | ++),
if (zCol'ums[j(=15K-ey 01 ( factTablclrLfo. isKey'S?e.ctor | tr e: /']
find index of dief in data [art /t structure diiriJdndex, da' Calé&rtSt
ructure. Getanezi Sionlnd (' ~-,bluannsU -di nensfonDe{)

fact Tabl i el nf 0. posi ti onVect gy dphstruct arnew tagevtaple GRU¥Y 2| J6S N O V 2003
FCT/ USQQl 14497 factTablelnfo.factTableDef =

martDefList[l].factTableDef:
factTablelnfo.dataMartBitVector = martBit:

// get the list of column definitions from
// the table
vColumns =
martDefList[i]. factTableDef.GetColumnDefs ();

// set the size of key vector to no. of columns
' factTablelnfo.isKeyVector.resize
{(vColumns.size ():
factTablelnfo.positionVector.resize
| (vColumns.size ():

// loop through each column in target table
for (j = 0 j < vColumns,size 0: j ++) {
if (vColumns{jl.IsKey 0) {
factTablelnfo.isKeyVector(j] = true:

// find index of dimDef in data mart

// structure

dimindex =
dataMartStructure.GetDimensionindex
(vColumns{j].dimensionDef):

factTablelnfo.posidonVector(j] =
dimindex:
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elsel d | /:: cif: colum is a neasure factTabIeIrfoisKey?fcltﬁ)j @Blse:
J,/ nd.!iindexof V-Col urnnsU ', neasureDef //'An the data ma X?

rneasur. el ndex: dataMartStaucture, G etrvl easurel ndex Cp&f@g@gﬂ‘#,
nmeasur e Det ) wioaerdiedl el hf o, . position\ecttortH neasurei ndex el
.foUst: El ppefdEritry (factTabI elnfo): 1 /'/Selse }I/./for This

pseudo- eade, popuTares: a~lis~tof distinctrfacttarget table information
inside the fact witer based on the! information fromthe data mart
structure:'It |loops through eaahfdata, rnarvand' inspect& ts fact:target
table deuniticn. First, it finds i¥f' the target table definition ij

al ready: , ,j n the curr ent target tablegsd At if clubin isftrdsuret hat means anot her

data nart |s alread'y' outp_ utt its result f target
table. Thus,'thl a bit ofith e current? ?ﬂﬁ%‘sn eﬁt"ruﬂ)eé}%tgf into the
data rmart bit vector of the found target table information entry. It the

data 'mart is outputting to-=ainew fact weh@baet table
iiformation entry will be added to th /Iﬂr‘gf‘%&%ﬁg&g&lﬁ *ﬁ ﬁlg current, data
mart will be set in the enpty data mar/t/ ibithe datetmarnt siiu@durey bool ean and a

position vectors; will be: popul.at edfo?}r‘ a% ﬁﬂ&&].onl h.g- target
: col ummn, pur poses. 3 2 0401V 20G3 T1US T 59
taMartStructure.GetMeasurelndex

(vColumnsh].measureDet‘).
factTablelnjo. positionVector(j} =

measureindex;

)
factTablelnfoList. AppendEntry {factTablelnfo):

} // else
} // for

This pseudo-code popuh;lcs a list of distinct facr target table information
inside the fact writer based on the information from the data mart structure. It
loops through each data mart and inspects its fact target table definition. First, it
finds if the target table definition is already in the current target table list. If
found, that means another data mar is already outputting its results to the same
fact target table. Thus, the bit of the current data mart will be set into the data
mart bit vector of the found target table information entry. If the data mart is
outputting to a new fact target table, a new target table information entry will be
added to the list. The bit of the current data mart will be set in the empty data
mart bit vector. Also, a boolean and a position vectors will be populated for re-

positioning target column purposes.

30



.y
WD 00l 7f 765 The si z. e~of the bool eaniiand!-position:ivectors'qare :the sane
as the,.no: of colums ins the target table. Each entry- intzﬁé:NUV 2003

b: ool eanvector. :indicates whether the: output columm is a &%0091&4@,
nmeasure. . |fwdboztzedsunrt: is,,a key, the correspondi ng' aFGe orn

t he: posi.ion vector would,indicate the di mension index of +where~.the key
isfrorn. If the cotlumu~is anmeasure-, the corresponding:val ue in

t hepositioavectorri would indicate the nmeasurei ndex fromthe neasure

deftni ion |istanthe ‘ddf a mart structure. These l' englaexeezf5 :ﬁé Bo. of
used! ! i t or eHppsi t Thasizhef GePeRIFRN WAHISIPD VRIS PEPESYSPer™ Ti's given a

list of keys apd r bile tEHAEh SfyEn hebétdanascibligdiciemvisihenthe and measur e
definition | icg{']l “?@ggi‘lélf%%%@fy: FI GURE: 4 describ n. exanpl.e of how the

! s .
overal | mappidaguies trmaniisnkeyor Rgneasyre. b he calumu g éﬁﬁ’él‘ SFAERPME ure of ', he

f t w ter,is jnitialized | \Whd difensiSififdexSdf dhtrelugaidvng the |i st
of .'.faet aggf é‘f‘é‘gpﬁ%‘émd‘{m{og‘?gﬂtﬁﬁcﬁg agglr eaat es to different target

facvtablits. iJhem I aeicolmnisarteasine] thérsngspendins vejue Bake POFIHEN VXt  of

aggregates once: For each record, it | Wsth sRuUt € the
mapped r ecor dvayld Indisag Shemeayits, ingdeR Tom W%g&éaﬁéé%ﬁgt"? gth‘?"ﬁ:sét ol 1 1 ow ng;

pseudo>code. . {HinGhd. Ghesedindixes BRsSused@o r@pastiemsthofcoluming ivdiee thaifget . tabl e
di stribution given one ag regate record: witeA der as the dimension
© gr egat eRecor #filef 5ig §ivRB @ISRl KeypAnd Mo2sures Jiy ‘ﬁfpsame order as the

pre_anocat ed. ﬁ,(db&,%ﬂﬁxlea&cpﬁﬂpﬂi/&lfésw%ly- FIGURE 4/ des@itds sreequmpisof | i st s based
rom

on reut nappt ng colunns . aggrRecord. for (t"=0.- t <
dat a. ri Mart St hewe theroaeiGH tmpping meshpRisgh¥orke-++) | | . 2 1 NOV 2003; WO
MW 721" US

After the internal data structure of the fact writer is initialized, the “fact
writer” can start reading the list of fact aggregates and distribute the aggregates

to different target fact tables.

The “fact writer” will only need to read the list of aggregates once. For
each record, it would re-map and distribute the mapped record(s) to each
panicipating target table. The following pseudo-code function describes the

process of multiple target table distribution given one aggregate record:

WriteAggregateRecord (aggrRecord)

{
// fill up pre-allocated (or data members) keys. xprod.

// and measures lists based on re-mapping columns from

// aggrRecord. ‘ |
for (i = O: i < dataMartStructure.GetNumbDimensions 0:

i++4){
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keys{Ri = aggr RecordtkeyPosVectlnj]; x?rod(!il =:, 2 1' NOV 2003

agg~t Recor dl xP' odPosVectti]j' _ for-(i ,, O: 1 _
dataMart Structure: Get Nut nMeasureS t?~ | ++): neasurestil ~perusouriaey:
aggr Recor d( TweattiePbsVeCt il 1" ?t 11 USUUAt44t'tr | // get!active. data

marts,:fortherurrent cross product actlveMarts = d.ataMart.StrUCtUre. G
et Ac' veMarts~ (XProd) / /: loop through each distinct target. tattle for
(i.=0,, j:< factTablelnfol ist.sizZe::Q i++) I;I | //if the.record ts;

active in the current // target tablﬁ(ilg Q%cghvel\/arts &
fact Tabl el nf oLi st 1] . dateasitirt #EarBecargikeyPosVerdilly ™t nr ough each colurm fora

0;.j -5, factTablLl-| feo&i)[4 hgdrRéeydaPtaiPosVedlib4l | ++)I11 position

fact' T"ableiitif~i.i5t(l).po5tti +~nVe~tor~);; // re-position key and
measure col usnnsin, the, pre-allocated outptatRecord if'(factTabl el
if'oUstli]isKeyVectorul ~=true) 32° 2 1.N OV 203 WD 00(72155
for (i = O: i < dataMartStructure.GetNumMeasures 4K
1 ++)

measuresfi] = aggrRecord[measurePosVect[l!]:

// get active data marts for the current cross product
actuveMarts = dataMartStructure.GetActiveMarts (xProd);

// loop through each distinct target table
for (i = O; L < factTablelnfoList.size (); i+ {

// if the record is active in the current

// target table

if (activeMarts & ,
factTableInfoListli]. dataMartBitVector) {

// loop through each column
for(j=0:j<
factTableInfoList(i].isKeyVector.size 0
j+ |
position =
factTablelnfoListli). positionVectorijl;

// re-position key and measure columns in the
// pre-allocated outputRecord
if (factTablelnfoListli].isKeyVector{j}

s= true)
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vi se ?CTI USOOI 14497 , outpu:tRecord it - keyslposifiiotn out?tf Nla?lcor dbj =;
nmeasures{pnsitiOn)~ / / output record to the target table

writeRecordToTabl e (out put Reeord); There shoul dhe an outer @gm}ﬁ read
each aggregaygosgey d and call this function to wite theP 4 fo each
participating targetritable. Thus, the 'above function is executed as many
ti mer asthe: nuiiber of records inithe input |ist of aggregate records. The

fdhct on first rc- posi tions the inputi aaggt egat e records into lii-t' |ists:
key, cross product,i and neasure list. The'l'r_ na ke and cross
product |ists shoul d have the sarre @P@%mﬁg""ﬁh’es gg}‘r’i 1 %1% definition Iist
in the data mart structure. sgrapped measure |ist should have the-isanme
order as the neasure defi n|t|on list: Th funct §EET 1 ni nes the
active: data marts for the cross. p?r“éB‘ff%lQ ?ffjnfﬁ@eaﬂ?ljreg@tggggfegate
record. For each target tabje that participates- in.. at |east one of the
activedataa marts, the keys and neasure list wll lire-mapped to, the

desirabl e columm position of the target table Note that the first. step of
re-positioning the col ums: /¥ catputrecéndpatthe taygettgliee records is

unnecessaryif the record is th&rw BREBR{hiERE ) t he!  data matt-

structure This is achievabl e'by~utilizing the data mart structure during
aggregation generationlas explained at the end of this docunent. Since a
is not 33~ 21 iii} NOV 2003. WD 001721.65 PCTIUSOOQ: t 4497

|

There should be an outer loop to read each aggregate record and call this
function to write the record to each participating target table. Thus, the above
function is executed as many times as the number of records in the input list of

aggregate records.

The function first re-positions the input aggregate records into three lists:
key, cross product, and measure list. The mapped key and cross product lists
should have the same order as the dimension definition list in the data mart
structure. The mapped measure list should have the same order as the measure
definition list. Then, the function determines the active data marts for the cross
product of the current aggregate record. For each target table that participates in
at least one of the active data marts, the key and measure list will be re-mapped

to the desirable column position of the target table.

Note that the first step of re-positioning the columns from the input
aggregate records is unnecessary if the record is pre-ordered as expected by the
data man structure. This is achievable by utilizing the data mart structure during

aggregation generation as explained at the end of this document. Since it is not
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a requirenent for the. data mart..popul ations techni que, ng;fﬁﬂ‘l%hf

approach i has been adopted andOthls assunption is not put

pre-condition. "Dinension witer" is a functional conponentg paspl e for
generati ng, wolboremes on target tables of"(ne: Al nension for, a at a, nmarts.
lon takes; a~"list OF dinensional records as, input, queries the data

mart, structur“e"--T-dr user-spec-ified: paraneters.. and outputs a, dinension
it"able for each d a mart. Note that. -a' dinension table may correspond
to nore than,one.dbta, mart- if nmultiple data marts a%Po%Slllf'edto
nmerge its, reﬁwqﬂ&emmttfhshedmuﬂﬂr?éﬁ%‘P'éﬂﬁ”F fque. g BY“QTFT‘%C PPN Wat er "' needs

t oo setup sorre i nt er nal M?ﬁ& uEas d pregandigdrar t dandi sui buti on.
First. it, é%"ﬁ"idaﬂmlﬁ“%ey, I e‘ve ci:‘(’:ode lsand ever- active switch

position based do its |nput dlnen3|on recorddef ninon. This could be

perfornmed Sy | oopij, n%ws{?gu I;legﬁ%. ?Aa@c:‘n&oEgﬁrngﬁmémgéfﬁ%md defiiaition

as depicted in ps@ t saves the found key; It vell.
code, and agihiRichWaigeitables bf mmnd:trﬁtlsmrafor ialtdararmmbns, & takas| & ligfoft he

rdornension witer. di nKeypos ke Si t| Q X ion record.
/1 di rrf:odePos-Ch'PE'\flLSil"‘al EERIES F5J8PYY cﬁ“ﬁx?srtg gf‘ @&{eggﬁser%; 5 © record. |
| dim Swi t chipos,eafd | 48 o‘ix‘f}hft.@h diésioni dable ff:f emhl mmmlmm @n record.
Cet Di aenPnsi t'rons . Q di nKeyPos = -1; ﬁa anCo it le(j&ﬂﬁglﬁch%s = -
3411 kI 2-1 r@uemsablmmwesm% ﬂ'e?‘tet e msltp e- cor d
Def.size (1; [++ gpcmﬁed to merge its records to the same dimension table.

. The “dimension writer" nieeds to set up some internal information before
it can start data distribution. First. it needs to find the key, level code, and ever-
active switch position based on its input dimension record definiton. This could
be performed by looping through each field in the dimension record definition as
depicted in the pseudo-code shown below. It saves the found key, level code, and

active switch position into an internal variable of the dimension writer:

// dimKeyPos - key position from input dimension record.
// dimCodePos - level code position from input dimension
// record.
// dimSwitchPos - active switch position from input
// dimension record.
GetDimPositions ()
{
dimKeyPos = -1;
dimCodePos =
dimSwitchPos = -1:



i ~ (didi RecordDefjij~ I's Key: dinmKeyPos i:' else ’29" 2003

i f(di rrRecordDefI lil.lsixvel Code 0)1 dirnCodePos ; is else |

RecordDefjil"' |.sActiveSwitch {)) dnmBwi tchPos i; fCTfUSQOQ &fb%dm Bef ore
doi ng. , mu) t iyad @ngidgeny on tables distnbuti'orr, a pre-pr oc& f is
reqwred to obtairt,' ~an active data,mart bit :vector for each

dl mensicnal I I re¢or-d.” The bit vector i's used to aid the output filtering
option described wirh respect to t-he input requirenents. Thus" if output
E ltenrag |s not ~ irnplernented. this pre- processing step could also be
el imnated ; :ThegpyfRykoqfitddimReecrdDeddssdl igldtep is list of data nart

bit vect ors for i eaCh&é i ﬂ@ﬁ dataimart bit vector
corresponds to one ‘ﬁg‘{% {h rec]orggfl e pre-processing step could
popul ate the :lists of datadimayPerdc vectors-- for: all dinensions at the

sanme tinme by’ read| ng, , ngu} HﬁﬁREﬁorﬁ@Eitlll plevagade(y ecords once. loitiaify,
the lists of'data mattée biv vectors di nensi ons are-set to 0. Then,

for_each fact aggregate r ec@igCo Es‘kieyland | evel ) .code pair are bound

for eacft;dimensidn. Elsdqumééd}ubeﬂﬂmuvm Bled tivithi the cross
products of "the Ilevels for, e chﬁt(e:}; ion are found using, the " Cct
active marts,, #6f, a, cros %‘Vﬁ 1= = et hod. ' ! For eachAey; the

di i nensional record is_ found fromthe- correspondi ng di mensi onal

record. |ist bg matchl ng the key. Finally, the data mart' bit vector of"2he
found di nensi bna "record will be: ORed with the data manbit vector just
obt ai ned fromthe data mart structure. The found dinensional record is

gic f ° gd |2 1ng Ily &O nos in éfg% dgl%tg':%?hplpdlL'\Qﬁsngl'?tﬁlﬂd@srtﬁﬁméﬁ’ Qphd- prBékstifgdpe data mart
is required to obtain an active data mart bit vector for each dimensional record.
The bit vector is used 1o aid the output filtering option described with respect to
the input requirements. Thus, if output filtering is not implemented. this pre-
processing step could also be eliminated. The output of the pre-processing step
is a list of data man bit vectors for each dimension where each dara mart bit

vector corresponds to one dimensional record.

The pre»i:rocessing step could populate the lists of data mart bit vectors
for all dimensions at the same time by reading the list of fact aggregate records
once. Initially, the lists of data mart bit vectors of all dimensions are set to 0.
Then, for each fact aggregate record, the key and level code pair are found for
each dimension. The data mart bit vector associated with the cross products of the
levels for each dimension are found using the “Get active marts for a cross
product” method. For each key, the dimensional record is found from the
corresponding dimensional record list by marching the key. Finally. the data man
vit vector of the found dimensional record will be ORed with the dara mart bit
vector just obtained from the data mart structure. The found dimensional record

is accordingly considered active in the data marts specified in the data mart bit
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W 00,' 72165 vector as well as any data nmarts it was al ready? dsNoyi %m]gd
with d ieto appeanng in other. cross products: Thus, by reading theli st
of fact aggrega‘&%ﬁﬁnce, the data mart bit i iectars of all-.di-nensions
will be popu‘?’ p ere-processing step can be optimzed to be perforned
during aggregation generation: However, since the it'ial'ization of the
data mart bit véctor.list s part ofirhe!prefetredl'dat.a man, popul ation
techni gxte. the pre-processing step is divided out mprovide a noregeneral
approach. The " di ' iith @farts @l W8 afeRlY 3ssotiated withdue tohuppelaing nar t
structure and’ec‘gﬁgg@e&?ﬁgﬂgﬁﬁ{ensi on tabl g definiitidn inforrmaticn for the
current di merigioter cropgoeductsd | n. each data.rnart. internally~~the di nension
witer needs"ta maintain a |ist of distinct dinmension target table
definitions required by all' data nmarts Associated with each di nmension
tabl e definition iThusibyaeadirigwie likaotfactaggredaias oness th data mary QIMECIOF act i ve

| evel codes, and a positi . veclor r - L L.oni ¢ and. .
attributes tPfRHEPESINF 8ﬂﬂ?feps°|p?§gef"e{% r{'%gp%ggﬂr" ket'%p %dé%leg?@r_?_ﬁgﬁfﬁbzr mat i on
needed for rf@lmiﬁ:gaggmebn gerbtation. Hoesdrezinceiitie initializsripool ng;

structure: dinrablelnfo: (',. ditnTabl eDeft [, di i ‘ table ,,,
|/ defi niti ontht desamaebl verier listis PUT QL R&RTT E’Wdldaﬁ‘é?aé'nrlfa%@é@\}%@‘[“%g J/ list of

data nmarts: ) dodeskifh Steb ¥ dividédé i & protii€a mokeyeabi@bappiach.ov 1/ contai ns
list of "act {T@légfé/j?\{oe\fell ch%le' s fore the table., posi.ionVector, //

integerivector to indicate 361-1; 2 1 NCO V 2003
The “dimension writer” also needs to query the data mar structure and

analyze the dimension table definition information for the currenf dimension
specified in each data mart. Internally, the dimension writer needs to maintain a
list of distinct dimension target table definitions required by all data marts.
Associated with each dimension table definition is an active data mart bit vector,
a list of active level codes, and a position vector for te-positioning the keys and
auributes 1o the position desirable by the target table. The information needed for '

each dimension target table is listed in the following structure:

dimTablelnfo {

dimTableDef: // dimension target table

/1 definition from data mart

/] structure.
dataManBitVector; / list of data marts merged

// into this target Lable.
levelCodeVector . // contains list of active

_ /! level codes for the tabie

positionVecior; // integer vector to indicate
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Y~GT/ USJul4, 3~Vr , wo 00172155 ffmap. ping ppsui OF' " The. fDKI N ?
pseudo- code indicates; how to~,,construct 'h' above described In qpétl on;
/1 A dinmension table inforrnatibn,list will be initialized, ?/Usm,lt,bﬂ

di stinct tarngsbtot2edsl e i nformation. inn itialtzeD inTableslrz

clear the list of target table ;info,~stored iii //'dinmension vniter
ditnTabl el nf1Li'Stciear O rnart. Def Li st datawva

t,Structure: GetDataMart'Dr-Rilitions O:: / / curDirnDef is the current

di mension detnition cuxD 11lznd ¢ =;: : -

dat a. MartStructure Get Di rnensi onl ndex (cur Di ntllfﬁap?%?wtjsl".'?n'& i < ma rtDeft

| st. size ++) ( . //check i-f dinmension. table of:current data nart !has
/| al r eady app}éar ed in the: di nTabliftnfoUst foundindex =
f|-ndTabIeDef|htion (martiDefLiistIiI df rnTabl eDefl curDirra fndexl :!!

di mrabl ehf oUst . 1 "‘gdﬁf' P,)g gseYldeQd% WRicARd Hell &S consufuou it abiee >= o) I (~

1/ / if-found: nt data mast to data mart bit;vector
descnbed information:

// A dimension table information list will be initialized
// with distinct target table information.
[nitializeDimTableslnfo ()

( ]
// clear the list of target table info stored in

// dimension writer
dimTablelnfolList.clear (:

martDefList =
dataMartStructure.GetDataMartDefinitions 0:

// curDimDef is the current dimension definition

curDimindex =
dataMartStructure.GetDimensionindex {curDimDef);

for (i = 0: i < martDefList.size (): i ++) {
// check if dimension table of current data mart has
// already appeared in the dimTablelnfoList

' foundindex = findTableDefintion
{martDefListli].dimTableDeflcurDimindex}.
dimTableinfoList);

martBit = 1 << i;
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dirrtTabll el ff6Lis!t(foundl fdex(, dataMartBitVeetor ?1 v
di mrabl el nfdUst (I fourl dl ndex|l, dataMartBitVector - { rtBitt 7/ N\grggaﬂf'}

currentlist of aczive.~l"'evel codes into the!ffoundlthUy, NVCAASS e,
G et Mcti veLawaogrzi68ur Di rl ndex, t): nmergeDistinctL evel Codes (di mrabl ei nf ol
i st (faun+di ndL-xii |evel CodeVector. vObdes): else / / construct a new

target! table entry “dinfableli fo:ditnTabl eDef
martl)efl:ist[i).d1lSnmabl eDef | cxi r DW An' dexl :

di nT. bl el rf 0., dat aMaxt B| t ﬁ$ igﬁ /?f%roun di mTabl el tfo |evel CodL,
-Vector Get ActlveLech’§ for 2PR get the list of columms from
the table vColuimsl 'efList(1];di xnTabl eDef Get C61nil ef SO: for U = O j <

vColunw s. size 0-1.f.f.) 18 Buld apBd a0 Q| 72165

NOV mi r u3uur 1. keyposi tﬁ r%%&lqp u tditza ensiofl., [ record_
meablelnfohst[foundlndexl dataM itVector =
dimnTablelnfolist/foundindex].dataMartBitVector |

martBit:

// merge current list of active level codes

// into the found entry

vCodes = GetActivelevels (curDimindex, 1):
mergeDistinctLevelCodes
(dimTablelnfoUst[foundIndcx].levelCodgVectcr.
vCaodes):

else {
// construct a new target table entry
dimTablelnfo.dimTableDef = ,
martDefList[i].dimTableDeflcurDimIndex]:
dimTablelnfo.dataMartBitVector = martBit;
dimTablelnfo.levelCodeVector =
GetActiveLevels (curDimIndex. i);

// get the list of columns from the table
vColumns =
martDefList(i).dimTableDef. GetColumnDefs 0:
for (j = 0: j < vColumns.size (): j++) {
if (vColumns(jl.IsKey 0) {
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di mrabl el nfo..p ositjonVec to r[j dirnKeyl ?0s,, else ( /f/ i
coh..:nn key fpositionlfrO Tl input dinension: record! d! uzrﬁtswblvb%ns

bl el nf o. positionVectorU Il dirnR cordDef. Findl nput Col urnn g ;usvuriess:
(v, Col umsulweeattmgsut Col ulma): | // for 1, /,1 for This pseudo-code

popul ates ~~a! It v of-distinct-dirnension target table information inside
the witer based i on the information fromthe ! data mart, stricture. It
| oops through each data nmart and inspects its target, table definition, of

the current dinension First, it-fi nd§' kg‘g&sqhoﬁ%gghbabhuﬁaﬁimu onis
already in the target table list If (ou% , thatirncans another data mart
is already outputting its results td/merof8ane di mension target :table.

, Thus, tht bit of the current data REhftatikinfo. pesiBeAVedtbdi] =t he data nma rbit
vector of the. found table reformation entr% ,gsp,, ,the list of active
| evel codes fdChe; current. data mart wl y r?ﬁ‘rged into the |evel code

vector of-the found [entry.; V! ythe: datarnart. is outputting To a. new

di mension target table, a new targe able . Jnfoi nation.entry will be
added tathe [ist. The bit of th%g%tf}réﬁf'g'd%etg“r“hart wifl. be set inithc
initial enpty data mart bit vector. The |level node vector entry will

be" popul ated wi th the |ist of ach}yg bauGln fodPimput @khekBOR! 72 16S codes
for the current data mart. Final §P’ the:positi'on' vector will contains
i ndexes. /| recor

dimTablelnfo.positionVector{j] =
dirnRecordDef. FindInputColumn
(vColumnslj].GetinputColurmn():

} // for

}// for

This pseudo-code popufalcs a list of distinct dimension target table
information inside the writer based on the information from the data mar
structure. It loops through each data mart and inspects its target table definition
of the current dimension. First, it finds if the target table definition is already in
the target table list. If found, that means another data mart is already outputring
its results to the same dimension target 1able. Thus, the bit of the current data
mart will be set into the data mart bit vector of the found table informanon entry.
Also, the list t;f active level codes for the current data mart will be merged into
the level code vector of the found entry. If the data mart is outpurting to a new
dimension targei table, a new target Lai:le information entry will be added to the
list. The bit of the current data mart will be set in the initial empty dara mart bit

vector. The level code vector entry will be populated with the list of active level
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or colum posiE. ions fromthe, diimension record. The vector sed for
re- positioning the .colums fromthe dinension records to be oa BUNBUdZ[ma
into the Lytpsha Qle After the internal data structure of the diinensioni
witer |S|n|t|a||aed it, can starts reading, the list of

di rrnensional It &rds and d| stribute the records to d'ifferent target

itabl es. The dinension witer will’ onl y- need t o- readthelist of-
di rensi onal records once. For each rccoFd, it vvoul ax ?
(distribute thgs railMmﬁmwm:(rs)Fmadiyetaeppsgiw"t‘ﬁefc‘f’b‘é{‘c'i%?@‘a"l‘é’ 55 t abl e;

; Thef ol | ow. i ng pseudo- code fun ti e5ht Rectty ac&zs fof reAul tipl e
tar get tabl eOdFBlt“WFmﬁ’ﬂ“Bﬁs ﬁg‘ensgﬁ?nge%gélaonal c;ecor dand i

cortcspondin |hg/ﬁuc(i%i@m{§ﬁfémbhd divrzosion régpids ¢DPY AIPHEGDN 'fha (di rnRecord

activeM art Bi ti/ect for (i = 0; e_dirTablelnfoList.si2e Oi++1 (1HI
activel nTabl earsetaahli veMa tBttV e:ctor-& di jtnTabl el hfoListf it

data. NdartBitVector: |eveltaTable;, = tdL' evel Codt (d

t Tiabl cWListll)! activelLeyel Codes, f'L gT_(le tiii Sm “&f

out put Recor dFl ag TAdtet Se:inteimel drppgpicrue of e dymesion HEIET 15 ILTElEed, [t o /'y update

the even act 'c‘;ﬁ sxa%\,\ll'lcztxcf ing the flist BF binYeRisioRaia3BNcds) and distribute the records to

different target tables,

The dimension writer will only need to read the list of dimensional
records once. For each record, it would re-map and distribute the mapped
record(s) to each participating target table. The following pseudo~cdde function
describes the process of multiple target table distribution given one dimensional

record and its corresponding active data mart bit vector.

WriteDimensionRecord (dimRecord. activeMartBitVector)

{ .
for (i = O; i < dimTablelnfoList.size 0: i++) {

activelnTable =
activeMartBitVector &
dimTableInfoList{i}.dataMartBitVector:
levellnTable = findLevelCode
(dimTablelnfoListli].activeLevelCodes,
; dimRecord[dimCodePos]);
outputRecordFlag = false:



di rnRecor di di nBwAchPosl = true; determ ne whether to output the r

C
depending on output filtering option... if (filter(c)ption.' ecordggq3

"I if {level '"InTa~ble) 1 outputRecordFIag = tree: else -if (illterOptlon
-=:; Aetlvemt%‘ﬁ'&rts) { if (leve)InTable &&; activehbTabl e)

out put RecordFl ag_=;:true: else if (filterOptian' ==E Ver Aet i vel nDat aT?t

)i f (I eveUnTabI e" &% d nRecordf di rn5wAcbl ?0SI == true) out put RecordFl ag

true; if (d itpuutRecordFlag ==-true) I. for a: jlI, ™'

di mT" abl el nf oLi st (1I. S lactiVe &RitpRSi tion cli Mrabl el nfoLtst[il

-positionVector[i |; PP #&A@Wﬁgﬁéﬁ an : di nRecordlPositionT)a 2 1 NOVI

wo 00/ 72165 writeQut puftaﬁg&' aplehyt put Rec- or d) : 11 /1 for
dimRecord{dimSwitchPos] =

// determine whether to output the record depending
// on output filtering option
if (filterOption == AllRecords) |
if (levelinTable)
outputRecordFlag = true;
!
else
if (flterOption == ActivelnDataMarts) {
if (levellnTable && activelnTable)
outputRecordFlag = true:

}

else
if (filterOption == = EverActiveInDataMarts] { |
if (levellnTable &&
dimRecord[dimSwitchPos] == true)
outputRecordFlag = true;

if (outputRecordFlag == true) {
for(j=0:j<
dimTablelnfolist{i]. positionVector.size 0:
J+ad

position =

dimTablelnfoList{i]. positionVector{j);
outputRecord{j} = dimRecord[position]:
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The active! data mart bit vector is,,the output: of the: pre-proc@s$iNgV 2003
step. There- should be an outerloop to read each di nensional recordi and

call this fqg % d0. wite theirecord to each

partiicipating,targevtable. Thus, this function isexecuted as-many
tinmes,as the no...of. record s;in:the input list: ofditnensiana4 records. The
function coops through, itsiistpf dinmension target table information.
[I11first, initializes two flags; activelnTable and | evell' nTabl e.

activel nTabi e indicates whether thecurrent dinmension recordis active in

the fact: levelln, Table indi ; RedesRdp! ! code of the
%t?ﬁ#.\mﬂ%@%ra%ut e

cur'rent:dirnension record is,r evel .code- |list of the current
target tabl''e.''It thdn updates the: persistent ever active switch. The
swtch is set to trﬁpm%f the activelhTable flag is, true.- Based onrthe
filtering option. % e l[ogic determ nes whether the current dinension record
should be outputted .."'ta the targeti table...Ifl the record is to be,
outputted. the: key and attribute colums will be re-rnappedito

t hedesirabl e col um position of the target _table. ft~ sah?ul cl. be noted that
the: "Ever Act Mhe'ictive aigragsarpbit yeder wthqwmga’éﬁf ERIE-PrOgESNEY S (F&%or d coul d,

be repl aced’ ‘é\%glﬁﬁ'%%nﬁ}'n:?'uw k’o%'i:. E\fehit Y& h idfindnsidha YBédrd andtiall thiv mksn oThi s woul d
o) {0

al | ow di nensi S be output to target data: marts if those data
mart s- have ev eyt e eicurido tashtpadatpatingtorgeusioiupghis incHen Hakerutigr t i n

question( However, this!wuld. require ' I, UF BSheRGbSiISt@ms. data rel ating
to tie outputds FERRUTES dsLhe B?'é‘féﬁ%gﬁgfw&eﬁ{rpmsﬁ%lhegﬁfenput di mensi on tables.,
bet ween aggregations, This. causes problerns keepi ’

gt hei nput f act dat asynchroni zed" ith 2003 4Z.. NO V 2(1J>ﬁ~ 72165 t he

out put, data-nart Jo¢fusctipmieepsihtpush s 'bﬁm'tz‘HF’Fgﬁ""Péﬁgto(ﬁ,hi\‘/'ﬁ tﬁzrgr'pj cmvnt CdI |
in the preferyed enhodifienl, ASSS ubRInTiOlkCrt 16VaTabRey @LtdtTabd flag is
plerrne:nted i'n _ - .
indicates whether the current dimension record is active in the fact. levellnTable
indicates whether the level code of the current dimension record is in the level
code list of the current target table. It then updates the persistent ever active
switch. The switch is set 1o true if the activeInTable flag is true. Based on the
filtering option. the logic determines whether the current dimension record should
be ourpurted to the target table. If the record is 1o be outputted. the key and
attribute columns will be re-mapped to the desirable column position of the target

1able.

It should be noted that the “Ever Active” flag associated with each inpur
dimension record could be replaced with an “Ever Active in Data Marts” bit
vector. This \\;ould allow dimension records to be output to target data marts if
those data marts have ever received fact data corresponding to the data mart in
question. However, this would requiré maintaining persistent data relating to the
output data marts, preferably in the input dimension tables, between

aggregations, This causes problems keeping the input fact data synchronized with
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the preferred embodi ment doesni t contain any data! dependent ora 2hp NOV 2003
configuration of the output data marts. The operation of the system

conpon. nts.aand the:flow t hereberw..een are hereinafter described: HGF E 5
depi cts anaWQWR¥R~of d to flow given the: input requirenents and the
system , conponents. described' iia previous.sections. As depicted in the
diagramthe! data, mart structure has t 7i bt; constructed before:
distribution can start. Once the d'ata,,rnart structure: is

initializedr.!.the pre i Gnd $60Risl RasofllisFE N Fhelembnied dorkdscan- t ake
pl ace. The p%-%f%‘égé‘%i“a%@% ep o Est abl i'shesi t he, | e dposi ti ops of keys:;

. I

andi | evel cogRferfed@mbadimenl desritied herriocBred Ever Aivenflag BRRICBAYS Fact

aggregate record] definitions Affer.. - r i Yepddagnt iont theof . -fact ag
egat e :recor &%, Pféeq%ﬁﬁéﬂ%wfbtdtmme%gg‘?mp agﬁdnﬁglgateg record ', :: he data-
mert bit vectggmsuphioh of theloulpui dita fiand. aggregate;; record's correspctrdin. g,

di nensions records (ogre fromeach dinension) will be.updated: Details of
the pre-processing, step were desribe&earlier with reference,tothe

"Di mension Wri t €fpe eﬁ%\ﬁ% &&&-%&@ﬁ%ﬁpﬂﬁhﬂiﬁnﬁmﬁﬂ ¢herdbeeveeoper at i ons
ofthe "fact witer” ahd: the "dinension witers" cfzgl Eiroc ed inn parallel.
The "fact wr iHesidafeedeswibethFIGURELS depirispaeyerygy PERMA 2oV BN} Y5 RY"

i nput-.queries the data rt.- & de®Rfled AGReVidlsQ8ctions.. - fact table for
each data natSdEsEEE*APAERS %enrﬁ\%vé#@e#ﬁ tgfgs- a" list- of dinensional
records and ilts.correspondinglist;of data,mart bit;vectors generated from

t he pre-processing- step .as,; jnput;' :quer] tgucture, and
gener at es~a di nensﬁﬁ?l’t‘g’&l"é‘W&“gga&bﬁhco%a&am%&agﬁc{#ﬁﬁg%te %ga{vsvr{r}'ufscers: do' not
have any i ntgsleRRMSRREY e\, Daye theuded nper soatye is iniislizzd.she pre-

i ndependent|ly. However, if the data parts,are bejings | oad to: a
dat abase i nt oproedssing SIFPufMW‘W@F@W%f“ﬁPVCN%ﬁg%?V\%Q%f)l% 21. 65

} gf;te 93;{ y irrfjs?ﬂb%&%e fld fKioR b eg hrdevensddegtromallidimésionvretards i n t he
definitions and fact aggregate record definitions. After that, reading of the list of
fact aggregate records is commenced. For each fact aggregate record, the data
mart bit vectors of all the fact aggregate record’s corresponding dimension
records (one from each dimension) will be updated. Details of the pre-processing

step were described earlier with reference to the “Dimension Writer”.

When pre-processing is complete, the operations of the “fact writer” and
the “dimension writers” can proceed in parallel. The “fact writer” takes the list
of fact aggregate records as input, queries the data mart suructure, and generates
a fact table for each data mant. Each “dimension writer” takes a list of
dimensional records and its corresponding list of data mart bit vectors generated
from the pre-processing step as inpul, queries the data mart structure, and
generates a dimension table for each dafa mart. Thus, the writers do not have any
interdependency and they could perform their tasks independently. However, if

the data marts are being loaded onto a database into tables in which referential
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have correspondi ng, values in the dinensio' data. If the fact wi{er wites
[

an entry: before all its,corre.spond'ina:key val ues havebeen, NGV (2803
the di.nmerrsion witer,: there will be a breakdown in refecential).
integrity: ; WPOPARE® writersarebeing: ' tnsed in such an, environments':
referential! integrity enforcenment nust be disabled 'before commencing

the process and re-enabl ed when the: process finishes-AternattvClly, the
fact witer could :be set to -conmence :only;when tlie: dinension witer

has finished processing. - kr3fint, S1} ReyPetlid8 invth@fact dved momj or benefits
and advant aglé%egﬁ'fy‘Pﬁ@?"gﬁﬁggﬁéﬁyﬁ%ﬁopal ati o)fls t echni que of the

tinventions plyveAbkrepoRdRgthidsomthe timemsion dasp df the fast WRST ¥TEHI Y ng| e
aggrgation generation process, 2). :: MJ&Q iaRensbd ®hktve to
generate mul b#fﬁreé‘“d‘éf%m?ﬁ?f?“?%ﬁé’?ﬂgﬁs&a-e S ﬁ%ﬁagfﬁ%ﬂﬁg‘?ﬁg ‘can

have: : over| app ﬁﬂ;&r;ﬁﬂé’dkﬁ&wﬁ afidferenieninegoty. Heterwriersaee heingaised ipf
aggregations. [t I

el i mnates the overhead of reading.l file and
gener at i ng: t hechsmremvisepmangJefernup) |BEERY ¢ "fei"}fl"émf"g%s% %Hglp? E?fgfel ow : data
nmarts to-have differ Lh&aRe & Ré Beprotdsonmisiesdhltermitivélgr ent
aggr egat es. ‘Fﬂ@mc%ﬁf'?@%?%%?%ﬁnﬁf 'eagh dat‘gwrrart is tailored 8%5 targeted
t

to the needs g fagi Wiier entld be set igrcommenceiynly phe thedimansign, KT able: are

closely tied. to %he %ﬁ regated record 'in the fact table. Arecord is in
the di mensi orfinishge peee 1%§'if the record level participates in the |ist:of

out put cross products for the corresponding:fast table...The data marts

generated are nuch less error one. Al o tdebOSHtRe for |arge

data sets. Logi calThg foliqydpsts “Hﬁ?aéyﬁé%‘fg‘ajoﬁgflne?rg%aglgqgﬁﬁhghaéﬁe[: . di mensi on

tables:to, aVO&%%@Q?Eﬁﬁﬁ%ﬁ&H uk 6Bk Oiventién: di mensi onal dat a
i ¥ierent

whi | es~havi ngdi fact tables.. Wth t ht -flexible A Alll NOV 2Q 0-

1) Allow population of multiple data marts in a single aggregation
generation process..

2) Much more resource effective to generate multiple dara marts in one shot
since data marts can have overlapped aggregates requirements or even
same levels of aggregations. It eliminates the overhead of reading input
fact file and generating the same aggregation buckets multiple times.

3) Allow data marns to have different star schema configurations and
different aggregates. The configuration of each data mart is tailored or
targeted to the needs of different user groups.

4) Records in dimension table are closely tied 1o the aggregated records in
the fact table. A record is in the dimension table only if the record level
participates in the list of output cross products for the corresponding fact
table. The dara marts generated are rnuch less error prone.

5) Allow data partitioning for large data sets. Logically separated data marts
may merge and share dimension tables to avoid unnecessary duplication

of dimensional data while having different fact tables. With the flexible
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wo 00772165 schene of data mart-distribution, data could be parti tzeanﬁg or
nerged in differentdi nensions or fact tables., , 6) Flexible:dir sNEN 2003
output filtering, schenme allows users to choose the right.set of. .

di mensi on. r G285t o | be: out putted to di mension tables. The techni que
provided: in this Accunment is; intended to cover is nore general scenario.
Addi ti onal and reasonabl e! assunptions could be applied to the technique
for optimzations. This section describes, a few variations of possible
optim zations: As _pneNt i - be: tion. B could b pRrisomedior mekgedtinut filtering
flag is; not a r¥% er"e%ﬁ%"?%?‘%ﬁ{ebﬁollgta mar t pogﬁlnati on techni que of the

i nvention~.:h is differchcdithensions ogfasarablest he capability of di mension

records' -distributidin., Thee |ogi ) Wi Pecraadine four

out put . fil kt 8Vi ngﬂﬁﬂp{;&\?cva’l‘?“cﬂgpéﬂﬁ%na?%ngggi %)S%S?JE al | di nensi on
urecords, active jigndalct difiérisionagdrasue be bitpetsdve dimensigatabletar t s. .
Additional [ output filtering option could be :added based on ot her

conmbi nations of active data mart or |level code criteria: The "ever active
indata nmart'' ,Tgytegﬁ.;iq & blolided kM i€ agabiehi isinwetydite esvediaBorsi on:
records':ever~seen to be kept ‘per sistent hecausc echbré di mensian record
needs’ tommi memial seamatie\Additanel apd respnable SSSARBHORS Gopld beapPgta®ing, o ot vel
in, dita, mon/ filterind; § kddti¥n dSscABds aTew dedarions bepassipfror t ed,  t hen
di mensi on reéﬁ?ﬂ§“%t°§8$“§f}g%&ﬁb ?é%q%!l)s?'edfisl Hto! be persi Stgglti In the
descri bed tecpninfdafonslo assunptions were made about the neasures iniia
fact aagngate record except that 'it: should be a superset of-all neasures
requi red. Al so, no assunptions were nmade about the field position,ofithe
fact aggregate rgeapdaiiched befsreditieedimensiah qugwofdkering flag is not a

because. | he: rstermeay for be fe FUr BoRUaigg S NANES) V50 Aol i€ ravided © Fnack
1o enhance the capability of dimension records distribution. The logic has been
provided to enable four output filtering options which are: no dimension output,
all dimension records, active in data mart, and ever active in data marts.
Additional output filtering option could be added based on other combinations
of active data mart or level code criteria. The “ever active in data mart’" output
fillering capability requires dimension records ever seen to be kept persistent
because each dimension record needs to maintain an “ever active™ flag over tume.

If the “ever active in data man” filtering capability is not needed to be supported,

then dimension records are also not required to be persisient.

In the described t;chnique, no assumptions were made about the measures
in a fact aggregate record except that it should be a superset of all measures
required. Also, no assumptions were made about the field position of the fact
aggregate records and the dimensional fecords. In the preferred implementation,

some reasonable assumptions were made because the data mart structure 15
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we O W2165 mi mnmuui veft7ri constructed befare aggregati on%gfr’fg\atziﬂg? it
s,fairly comon that users.would have all the dinension and, data mar
definitions before a gregation generation. Gven. the data', RidwsiLucture
bef or e aggr eyetopB216S generati on, ,the set of required neasures is known.
The order of dinmensians-and nmeasures in,the data mart structure is also
known. In this case." only the required neasures are generated during
aggregation generation_ The keys, |evel codes, and neasures listed in each

fact aggregate recordkould al so LD | piRr Rfmon thaGsés dauld For
i nst ance, thecqnpmedﬂef)“é?%Eg,’eugﬁ“?’ﬁ%“'?‘g‘c‘:%‘?gq%u'ﬁd be key field in the

same-, order of .. di WFinekfon 208 daa pewi definidonsbefore agkaesiongdneaPRuct ure, ; the
I'next N fields would be Ilevel code fields also'in the carne order
of -di mensi onsns specified in,:.the datv- mart structure; the last |ei

fields woul d bey tﬂﬁ,lm FRABK Ban bitucilie berareagaregaionagenersim ilfei setof n~t he dat a
mart structureAn this-case, the initiallire-positioni nlg SheR dafu{omthe fact
aggr egat e r ecomdirahmbasutss isinpynnEeider phAimensianidng MY B MM he:  key,

| evel code and ever Y Lo 16 ks G abe - RS thebdqilifedoRegsbaseate iri the
first three. "’far‘e%algﬁf%b g'?)ats%rﬁ$ zat | onspSr poses, If the data mart

structure.i ; gemsitedidiring aggregation FRATAEAL Tomkeyerieyeh £945)2 FE2SEFe- processing
step, far popul ali ng AL TRLL. REbLol(EEAOGS SOHL e ALaRERBrak P nat e The
S

task coul d belagRi ame tine as aggregation ~generation.
Then there i S RpcoeetirstI0fiEldaih thivecdrd soulbefkay fieldyarbysmearderghce j ust for

t he purpose of popul ating_ data bit vector redgé ped
i npl ement at i oMiMERFEARS %W‘Fﬁﬁ%i“ Thﬁn??“r Pyt S 'gegtg&ggegtged' into all its

parti ci pat i Ng.;.pgsRI R dsikoli Geodatne drie ofl dimensions 4s spedifiedsinttbe garaof al | |

di mensi onal records related "to_thein fact record and it regation
buckets wil t. bearsesise, therlaar Mofislds Wﬂﬁgﬁiaéﬁﬁ RgasufeR A" gjé; same ot

t he'! Sf”‘,[Te la_s .scﬁ!gfxﬁ&i ASHe bila AR srBLORNE B3 MYe, URNniiaPRtpositioningweper ; in this
case, it elimates ' ‘
from the fact aggregate record could be eliminated. For dimensional records, the

key. level code and ever active switch could be assumed to be placed in the first

three fields for optimization purposes.

If the data mart structure is constructed before aggregation generation, the
pre-processing step for populating data mart bit vectors could also be eliminated.
The task could be achieved during the same time as aggregation generation. Then
there is no need to read the list of fact aggregates once just for the purpose of

populating data mart bit vectors.

In the preferred implernentation, when an input fact record gets
aggregated into all its participating aggregation buckets, the data mart bit vectors
of all dimensional records related to the input fact record and its aggregation
buckets will be updated. The logic in updating the bit vectors is the same as

described in the “Dimension Wriler" section. However, in this case, it eliminates
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211 WD 801721!'5 NOV 2903 ri r rv, uui ..- >, the need of r%qi NQVL @3
fact:ag;regate recor&one, mare tine. Again, the Baia rnart, it.vec? S, In
~eachi di nmension are usedi forioutput filtering purpose. ff.NesRwtput
filtering, woeUPd€rted or tirefikerin.g options supported [do not require
the data man bit vectors, then the stepfor populating"the data mart bit
vectors could be elimnated. Wile the ~prefend -ernbodirnent of the!
i nvention, has been shown and described, it will be:: apparent to those
skilled in the.-art, that changes and | 1 ONS o ai¥garirede therein
W t hout departhé m}d"’f reane e ?b%?gegg\" Cﬁ‘(raaggil‘{lﬁ\;‘gﬁ%'hghég{lé'ﬂgﬁscope of which
pi s ddined bybif herRPRpeadeginehéibiere uddd foPoutpii@itef oPBurpase. IDnoAUIREE hod of
generatingl aplurality of output data nmarts! fron&a tfrci:ruﬁ%ﬂ%iaﬁa mart, said
first data, niieringdspHoPeneron e GHeng IPuUgns SHPRARGE S0 0t redlite K= S48 o " di nensi on
table, said net : S ' Bk da@eney Bit vdcgirt emdd bgat ed fact:
data' conpri s?‘ﬁ‘g%gl vﬁ%&%fﬁ%%%k%%?ﬁﬁgrepr esentative of saidfact data
sumari zed atelatimaed. nore | evels; other than the | evel of the input
f4cudata;: and distributing said aggregated fact data to, said plurality of
output data,, marts... whereiimi~certain, aggregated' fact data records
are distributed twhile@epreferad embedimiht, of ahedinyention -han been shawa sifler ei _n:the
- i i I -
i:; t gf a]; 20:10'? gésgg'{qqeq(,:g{aﬁwsﬂl I S'«;prplartt)’.gtt edl (O @hed GPRle 5P W Vnaddi€ AUt PUt  data

modifications may be made therein without departing from the spint of the

invention, the scope of which is defined by the appended claims.
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A method according to Gaim 1: wherein each aggregated. fact gt ﬁpgr rd
is,generated only once andi'then output to the output data mars q i ng
sai d aggreg eoBﬁﬁEs data record. A nethod according, to Cained further
conprising t 8 steps of: providing at | east one data structure specifying
;level s or level _ cross iproducts required by, each oUt put dataTnart;
establishing the aggregate fact data, records which; need WJ; be
generated fromsaid i npurfactdata: 481 3 wO 00/ 72165 generating each

req, 4rrred aggy. te fact data record', and for each.. generated aggregate
fact data rec . 1) establishing' fromsaid at |east one data structure
whi ch, of said output data marts requi Tes sai d aggregated fact data-
record; and.i providing ek : Bufat Hsa \WdnsGfdm ai equi res
said aggregat & fact dat%ﬁ%gé%ﬁrﬁlﬁguggﬁga@d fact data record-! A,
met hod accordi ng : fifsodatdnan ¥aid fikieimarscompnsiog tnput igetdaeandat g8 nprj ses ai

|ist of levels oricvel ieross, product ro i ¢St one
di mensi on, . and whePRs fimens “P1§1 séﬁierﬂftﬁ?gncoﬁn%ﬂ'#%{&elass ®Yssoci at ed! . LVith one
or nore output data marts, thereby allow ng each aggregate-...fact data

record to be associated with' appropriate output..data r ed 'on-1
the level or |evel crogenersppgagareapieq ‘?‘%ﬁ”g?rf‘?g’graepé%ﬁaggictsﬁ%gg%ci ated) A

nmet hod according, to CIék{&gnmwgaﬁuﬁggﬁmmtmom:anbﬁle\shar ed by
different data marts:

other than the level of the input fact data; and

b) distributing said aggregated fact data to said pluralqity of output
data marts. wherein cenain aggregated fact data records are
distributed to more than one of said data marts, and wherein the
set of fact data records distributed to at least some of the output

data marts are not identical.

M)

A method according to Claim 1 wherein each aggregated fact data
record is generated only once and then output (o the output data marts

requiring said aggregate fact dara record.
3. A method according to Claim 1 further comnprising the steps of:

providil;g at least one data structure specifying levels or level

cross products required by each output data mart,

establishing the aggregate fact data records which need to be

generated from said input fact data:
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The method of Clam1l1,, father conprising a step: of generatin d mensi oni:
tabl es for each' ~df the output Wk marts, fromman i nput di nenéi rltﬁ\blﬂ]g@
wherei n each' enera ed target; di nensidn,tabl ~ contains only'.dizxensron
records asso?f‘l%af'% ith | evels requested by the associated data smart..
49r: 1 2 1 NOV,.2.Q3.\WD 00172165 The nmethod of i CGaim6 wherein at. |east
one of, the generated dinension tables is shared byjwo or nore !of'the
out put data nmarts. The nethod. of Claim®6 wherein- the step of generating
target  dimension tabl es,daingabidchiived sasregitertmsdumarecors, sitof edhout by
generaTing- a list of |'evels associated w thsaid targes!di nension tables:
and outputtin g, gtnemmediaggregaetaridatameerda target r-; dinension table only

if the level' associated with said dinension record is in the list of
| evel s associated- with said target dirnensioni table. The nmethaod of Caim
wherein i i said. list pf | eseblshingfromasaidigasyanedate strugtefetvhRinsi on tabl e

is generated by nmerging lists; ~of lLevels i : le3i& adianmensi on
associated with each of the saﬁlt?i’?%ﬁ% W%Sﬁ%luﬁgseiah%%%geet " mensi on tabl e
corresponds, and wherei n eaGBedrdsindof | evel s associated with a particul ar

data mart conprises the set of levels in the correspondi ng di nension of
all the cross products wth Wichlthe data mart iis associated. 10L A

nmet hod according: t d ai_,fn 9 %(]gg?ﬁg%ggwﬂ%.ﬁhmmmmhitr&bhmd n each
dara. mart contain onjylrecords fromsaid input dinension
said aggregate fact data record with said aggregated fact

data record.

4. A method according to Claim 3 wherein said data structure
comprises a list of levels or level cross products from said at least one
dimension, and wherein each element in said list is associated with one
or more output data merts, thereby allowing each aggregate fact data
record to be associated with appropriate output data marts based on the

level or level cross product with which the record is associated.

5. A method according to Claim 1 wherein aggregated fact data is
shared by different data marts.

6. The method of Claim 1, further comprising a step of generating
dimension tables for each of the output data marts from an input
dimension table wherein each generated rarget dimension table contains
only dimension records associated with levels requested by the associated

data mart,
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tabl es whi cbi appear in the aggregated' output fact data output 2q Nlnqt mta
rnari 5 2 1'Nou' 2063 WO00.0/7-2'145 1 V A nethod according to Caiml

wherein the &B%Rnﬂtss generating dirnemon tables for each data nmart: ins a
particular dirmension is carried out by providing

storing, ! neansfor:associ ati ng_di nensi on~rec,ords with each data, mart. and
initially associating each dinmension record with no data nmarts; b)

perform ng the follow ng;:steps for each, fact data entry; wherein each
fact data entyy includgge radthodset Cimdi whersinon lenst phecef the @eperaedndi ng

t oa. specife di'mension record. in each dinensionp; L. ,.shingthe | evel
associ ated with t hdimeisiamablenisshared by P %deW‘&F%HE?%‘ﬁE@E’I‘%‘%t abl'i shing the

data nmarts. associated-with said facridata entry: ba.se& anthe: crass

product of said levels,,and" far' each dint.nsi:om associ.a‘t,i ng . each of
said data, rrgarts;:w tThe mésbodiofrEirimof wheeesy the stefr fe3eBERtNH 8% o

the:dinsion entry, in.sajd ri AR Inkioh RecafidddPout BRkederdtmgnot  al r eady
associ ated wthi s%lf'ﬁ“ﬂ?wglse?g‘%‘aean&g}y; : I.aﬁgél?tglght‘t?ng eachﬁgi mensi on record
to each output, di §gsBleas isaddired with saidrergdi dimensioroablecand@uirsifigoci at ed

iidissaid storing means with .data mart .wt ' ' t Qug; di nensi on
cabl e i s associ at egimension fecqpds ipif %é?fg?tdflﬁ'ﬁ“{]%%bg?n@ fng-\/\;]ng l(%i%\l
generated' |, di mens,Qpciakd With sdidedimemidrefedtd idinfthelignf loelspsdoctizda, narts.

with said target dimension table.
9. . The method of Claim 8 wherein

said list of levels for a panmicular targer dimension table is
generated by merging lists of levels in the appropriatc dimension
associated with each of the data rmarts to which the target dimension table

corresponds, and wherein

each list of levels associated with a particular data mart comprises
the set of levels in the corresponding dimension of all the cross products

with which the data mart is associated.

10. A method according to Claim 9 wherein generated dimension
tables in each dara mart conrain only records from said input dimension
tables which appear in the aggregated output fact data ourput to that data

mart.
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. A method according to Claim 10 wherein the step of generating
dimension tables for each data mart in a particular dimension is carried

out by

a) providing storing means for associating dimension records with
each data mart, and initially associating each dimension record

with no data maris;

b) performing the following steps for each fact data entry, wherein
each fact data entry includes a set of dimension entries

corresponding to a specific dimension record in each dimension:

1) establishing the level associated with the dimension entry

in each dimension,

2) establishing the data marts associated with said fact data
entry based on the cross product of said levels, and for
each dimension, associating cach of said data marts with
the dimension record corresponding to the dimension
entry in said storing means if the data mart is not already

associated with said dimension entry;

¢) outputting each dirnension record to each output dimension table
if the dimension record is associated in said storing means with a

dara mart with which said output dimension table is associated.

12. A method according to Claim 6 wherein generated dimension

tables are shared by different ourput data marts.
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