
2: 1' NOV WO ~ 442'165 PCT/US00/14497 METHOD AND APPARATUS FOR POPULATING
MULTIPLE DA T.  MARTS IN A SINGLE  AGGREGATION~PROCESS BACKGROUND OF THE
NVENTION This patent application relates to  w-methdolagy f orpapulating
data marts. A data, mat is a database, or collection of databases,
designed',Aollhelp:  rnanagers  make strategic decisions about :their
business. Whereas- am dat   warehouse combines databases across an ~ entire
enterprise, data marts i are usual I y  smaller and focus on ,a, particular
subject oridepartment. Often; data, mart are  subsets-of  larger-data
warehouses, PIanning and Designine-The Data Warehouse:.  edited by: Ramon
Ba  gxu i and Herb Edelstein., Prentice Hall  PTR_  1SB'N0-P3_.  255746-0
describes definitions and the usaga of data trans The Data Warehouse.
Toolltit  by; Ralph Kimball. John Wiley Sons., Inc. ISBN 0;471- L A37-&
provides a gooddescritption of the hackgsaundi and conceptsi of data
warehousing. one of: the first steps in, building a successful data. mart..
is to correct by  identify the different dimensions and the fact set within
a business. structure. This  is-,often known as dimension modeling;' eh
dimension irepresents a collection  of unique entries that participate in
the tact: set independent of entities from  another dimension.The fact set
usually contains transactional data where, each  transaction (or record) is
identified, by a combination, oft enrities one from each'  dimension.
FIGURE l shows a star schema-for a supermarket business where thr  star
scherna  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 attributes to  qualify or
describe the correspondingentity; (or key). Each- fact-record in .the fact 



21 NOV 2003 WO: 00772365 PCT/US00/14497 ' table! would contain a foreign
key to, allow it toijpin40each dimension and a list  of-measures which
represents the transactional data. The dimension table is  usually not
further normalized because the Size !of a dimension is usually much
smaller than ft4i of the fact table:: thus, the: space saved by normali
zing would not  he that significant. Also, it is not time-effective for an
QLAP query tool to joie  the normalized dimension tables an, query
mun-time. Theorerically an CLAP tool  could directly query against a data
mart  which. contains transactional data, in the above star schema layout.
However-, its  order to allow fast response time on high level queries; for
instance; a query to get  the monthly- sales volume. of a particular brand
product for each state, pre- aggregation of data-in a data warehouse is
required. Levels of, data are specified ling 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 l" 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 particullar state
would represent the aggregation of data from all stores: that are  in, that
state. .Similarly, we could! specify .4 city level in the store dimension
toy  allow the creation of, aggregated' dimension records where each entry:
represents  the, aggregation of all stores in a' particular city. A level
referred to. as the inputilOi detail level is the lowest level an-d!
contains the same. number of records as the input di dimensional data.
Levels;  specified by users far aggregation purpose are referred to as
aggregate levels.  Each aggregate level: will contain a different numberof
records depending on the:  



level condition- For instance, the: state ! level will probably contain
less records 21 NOV 2003 WO 00/72165 PCT/US00/14497 than the city level.
Each (input and aggregated) level is uniquely identified by a.  level code.
The level code is generally presented as an integer for efficiency. The
aggregation requiredil in i the, output fact data is specified by a
combination of levels one from each dimension. The combination of levels
used  to specify aggregation is also referred as a cross product of levels.
To do a month:  by brandby state query in the above star schema example,
the corresponding~  level would need to be defined in each of the
dimensions: and would need to be  specified that aggregation is requited'
of the transactional data basedon the-cross  product of the three specified
levels.Users may ~specify a list of cross. products for  which they desire
aggregation. The :cross product of input level represent the  input or
detail fact data. Thee could be one or more aggregation expressions..
associated with each input fact measure to 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 norm ally also provided in each dimension which  has a, single
member containing all dimension entries. This level is used in cross
products when; the corresponding dimension is not involved in the cross
product,  so that a singe format for cross products can be defined each
containing a level'  from every! dimension. Adding any "'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 scherma of FIGURE 1 were being used and a city  by! month cross
product, was required, the product "all entries"' level would be
incorporated in the cross product Effectively, the data, for all products:
is  



aggregated into a city by month aggregate record. 21 NOV 2003 WO 00172165:
PCT/US00/14497 After the process of aggregation, a data marr is generated!
Each data mart  contains a sets of dimension ands fact~tables. Each
dimension in a data mare  corresponds. to one dimension in thesource-star
scherna: ,The fact table ..in, a data  snarl: contains aggreagated coated
data fore a list of specifaedcross products=. A previous product provided"
by 'the present assignee is a  consuftin- service~ which does. recognition
of containment relationships betwee nri, detail  dimension records and
aggregated' diversion records ;;aggregation of fact dada;  and
distributions of: the aggregated  !diimensioniiand fact data. The
aforernernione  productha s a basic rncchanism of output distribution,  it
can distribute-, differentlevel s of,detailland ' aggregated dimension
record . to  different output dimension files/tables and distribute.
different aggregate level  cross products to 4 ifferent output':'fact
fitiesltables, However; it does;;riot truly  support the concept of
populating multiple data marts.. Only one target (output), star i scheina
configuration is allowwed., It does not  support: the, concept of having;
data marts, that, are of  diffttnt star schema  conflguratidns . Thus, the
different, utput 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 m different
!targct 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  agg egate&can  both save resources wasted on, processing
unnecessary data sand  limit the scope  o:f data :accessible by ' users: 



2 1 NOW 2003 WO 00172 165 Furthermore, dimension tables are :not' tied. to
any particulari first table.  Although the-, product can generate :
muliiple  dimension and, fact tables. the:  concept of a data mart is not
enforced to ensure that the-correct dimension tables  are joined to ,thee
correct fact table. ~In addition. users can specify a dimension,  table to
contain levels that are not related to. the cross products of its
corresponding fact table This could be: very error prone on database
systems that  check for referential integrity;, between ddi1rnension , and
fact tables. Many techniques exist today that do not have enough
flexibility and  efficiency toygenerate multiple data mans in a single
aggregation generation  process. The: following are the reasons why such
flexibility and ' capability is required: 11) 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' uses
groups. Moreover, the. set of  generated aggregates~ could be ~too~ large
to be duplicated! air shared  among different user groups at different:
physical locations. Small and specialized data mans 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  pause-of
the smaller or, scoped set of aggregated data. 3) Data marts are often
required to-have different: target sty' schema  configurations. and
aggregates because different user groups are  interested in a different
set: of i dimension attributes or-fact 2 1: NOV 20U3. WO 00/72165~ 



t't..I l.tlaurv7 i a;greates:: Moreover. diffef nt.user n groups often look
at the data  . in different, ways. 4) Data partitioning is very~ essential
in saving storage TeSoUtce. The  ability! to have, different fact tables
sharing the same dimension  tables is commonly needed.An, example is having
two data marts:..  one for actual sales and one for predicted sales. Both
rata marts  could shave -the same! dimension tables, ,however. each data
mart.  will need to-have its own in fact,table containing its own view of
the  fact data... 5.) Running., aggregation generation .multiple times to
generate  speci .liZed 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 tools 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 Lransacbonatlil
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 marts,for different  geographic subsets from one set -of national
sales data. On the: other hand, users  may also require data that is: of
interest among all regions -like the: sum of  nationwide' sales figures;:
In. ti is case, data marts: may also contain. some  overlapped aggmgated
data. 21 NOV~2003 



WO. oUt721&3 SUMMARY CF THE INVENTION 1 PCT/US00/14497  In order to
effectively resolve the above described needs, a methodology  is provided
to populate multiple: data marts from one set of transactional data in
a,single aggregation process. In_other~ swords. this methodology,:
partitions  :ivaregateddata from the same operational datasource. It is
much rnore resource..  effective to populate- multiple data marts- in one
aggregation run than to have  multiple runs, one for each data mart or
partition. Multiple runs require: reading'  the input. fact data- multiple
times and. generating similar (if not the same)  aggregate buckets on each
run. The needs and the, benefits of multiple data mart  population (or
data- partition'ing),i 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.i malt population~, the::
two earlier steps ~ of the  agregationh;,process are assumed to be`
finished, before the-- execution of the  described technique. The
technique& for achieving dimensions and aggregotion  processing. are
well-known and available. In one: aspect of the inventioni, a  technique is
provided for the population of multiple data marts given user- speciifed
data mart infotmatiom' 'a Iist of fact aagrpgates, and one list ~iiof
dirnensiana,l data-,for each dimension. ... I NOV 2003 Wo OOY72165 BRIEF
DESCRIPTION OF THE DRAWINGS A specific embodiment of the invention- is
hereinafter described with  reference to the following drawing in which 



FIGURE 1 shows an example' star schema of 4 simple supermarket:: business.
FIGURE~2~shows definition 'containment relationships wherein arrow=  lines!
indicate; a containment relationship and the value next to each arrow line,
indicates-the number of instances.. FIGURE 31, shows. a data. .mart
structure, wherein i dotted arrow, lines  indicate how dimensions, data
marts and measures are indexed in the data  structure! FIGURE 4 shows an
exempla of-4act- '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 5-shows the overall data flow and
operations of the Multiple data  man population technique. DETAILED
DESCRIPTION OF THE INVENTION A specific embodiment of the invention will
hereinafter be de ribedL 21! N~O L .20al Wa aot7zl65 VCT/USnOtl aa9 /'
There,fo!lows a descriiption of each cmnponent that is required as input-
to this process for a specific embodiment of the invention. Users have too
specify both di~rnension and ' data mart information, for data  mart
population. This is called dimension definition- and date mart definition
respectively. Thus.; users have to,specify a list of dimension definitions:
(one: for  each dimension),and a list of,datamart definitions (one for each
data mart to be  generated.) in each dimension definition; users: have to
specify ; tlac following  information. Thisdoes not, include thc
information required for dimension and  



aggmgation .processing Dimension name. A unique name to identify
the'diffiension.. 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 wil thin each. level. Dimension output filtering
flag (optional). , Jhc ditnensioni:outpm filtering flag controls the
dimension reoarcls- to be.  outputted: in each data mart., One filtering
option is-specified for each  dimension. This flag is, not a requirement
for.;the data mart,:popullationi  technique described.. In other words,.
the technique could be implemented  without using this flag-., however. iv
is included as part of the, described W t~ 0.0172'165 211 NOV. '2003 rl. I
t v.JVVt { 7- r. implementation because it:i has' been found to be very
useful in some  scenarios. The following are the! flour output filtering
options: No output  No dirmension:,;records, willh be output dIllin the
all' datain7arts. This is useful if users do not  dirnensian tables for
have new records -in, the input dimension table. For instance, in a  superm
arket schema. if thcre'are: no new,production the'product  dirnension: and
users did.. not! specify. new : levels: for. '' new  aggregates to be
g(merated;ukhen! there is no need, to generate the  dimensions records
because- they should already; exist: in the  



database in previous aggregation generation, b)' All records. Any-
dimensions record that has a level code that is in  the output cross
products: af-;a, particular data! manmwill be:  outputted!to the
dimension,tabld of the data mart. For instance, in  the supermarket schema,
if the brand by month by state aggregates:  are toibeoutputtedltola~data
mart and this output option is~selected`  forthe product
dirnension,then'al4 brand records will be outputted  to the product
diinension,.:table for--the:data ,rn.art. This would  include bran.dh
that.havc not occurred in,the current fact table. Active in data marts.
Thi=n i:s,ia subset of records fromi the `All  records' option. Dimension
records must also be active in, a, data  mart, in order to,,bc outputted'
to its dimensions tabte_--Like the  example- given ini,the!pt`eviousoption,
a.. brand must also be active  in the current aggrcgation, process (input
fact table)~;in order, for  the dimension record to be outpuned to:;the
dirnension'.'table- 10 2 1! NO:V 2003 W-000,12165 p TNSOtW 4497  d) Ever
active ih any datamarts:This is!a subset of records frbmJIDC  ,A-11
recordst option. Dimension records must also,be active in the  current or
any.previous, aggregations of la data mart in order to be  outputted to its
dimension, tabie.:Like: the example given in, the  All records' option.
,brand records that are active in the current or,  any
previous:aggregations:will be outputted to the. dimension  table. For
brands that have: never participated in the output fac  data for that data
mart, they will not be-outputted toy the di mmension,  



table: For each dam mart definition users::,have: to:specify, the following
information: Data mart name. A unique name to identify the data.nart,.
Level cross product list. This is~a, lfsv of.all of the ~combinations of
levels,, that. should have  aggregates computed !in the current data. mart.
If the current :data mart  requires outputting input fact data, the~, list
of level combinations would  conga art entry of input level cross products.
In the simplest case (one  dimension) i.this is simply a list of the levels
to create aggregates for. Each  level crossi, product has one level. code
entry, corresponds rto each  dimension> The order of level; codes in the
cross product,:: should  core spond.Lto the order oft the dimensions
specified in the dimension  definition list. pis is note a requirement,
,but. snakes things simpler if  true.) 11 2 1 N O V 2463 WO 00Y72165
Dimension tablb definition iisL The dimension table definkioni lists
contains one dimension',,,,,'table,  definition entry for each
dilthnension.. Each diirnension table dcR mioni i  contains~column
informzti;on''l kel column position. data types, default.  valuers,, and
other database.: related 'information.., Moreover, for each  column-the
user alto needs; to identify whether it is a key, coluni or  attribute
column. For attribute columns, each column corresponds! to an  input
attribute column. 



Instead of specifying a new table defnitibn for a,dimensiotr. users may,
specify.:a dimension table definition to,,:be the same as another, tabic
definition forthe same dimension in another,data, man. In this case, the:
two data mans wi Lshare the same target dimension table. Output records:
for the dimension from both of ih&datamarts will be merged into the:  same
target dimension table: indeed, lane or_ more data marts could output's
their dimensional data to the! same target table. Fact table definition
(including l''i$t of'irneasures to bergenerate&)  Eachdatamart definition
wilLeontain one: fact ruble definition.A fact  tabs definition contains
colu.m information like .column.position. data  types, default values; ands
otherdatabase related information. Moreover,  the user alsolneeds to
identify, which are he key columns and 'Which are  the measure columns.
There should be one key col;umn to;correspond to each dimensi; . T e  data
type of the key column.must! ib+e': coherent with the, data type ofAhe key
column specified inI.the dimension table definition. I'2 2 1 NOV 2003, WO
DOM165 p rNS00114a9a ' Each measure column should correspond'.'to a measure
definitianu.Each,  measure definition specifies an aggregat!i'on, type!:
and some measure column(s)  from [heinput fact table depending an i
the?aggt~eganon type. Ini the presently  preferred implementation, these
aggregation i types are supported:: maximum,  minimum,, sum;-average,
weighted average (which involves the column to be  averaged and a "weight"
column), count, and. fill (places a given, vale into the  aggregate) Other
types of:aggregation could easily: be incorporated into the  



inplementation Instead of specifying a new fact table=def ition 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 mart;s,will be
merged~dinto,the same target fact table. Indeed>'  one or more data marts
could output 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 rinput andlaggregated levels.. The list~,nf fact
aggregates serves as one of the inputs to the:data mart
distribution.algorith.rn of  the invention::: Each fact aggregate record
contains a,; key to: join to each  dimension, a dross product. level code
'combination, and. a listof aggregated  measures. The record has the
following:logiral'-flepresentation: Key Key, I"eveli! L! iiLevel (measure,
There should be one foreign"key for:each dimension. The:foreign keys are
best represented as integral numbers (as; they: arse: in the present) +,:
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, 2 1I WO 00172165 'NOV 2003 t~c~t~ru~~w,-.~y.a.
dimension definition list in, the data, Oman structure. However, this
is..not a  requirement,. They could be remapped into the desired order as
will be described  later. The level code combination represents the cross'
product, level  



combination. that the current aggregate:!recor&corresponds. to. Each level
code'  represents an aggregation or detail level from,eachiidimensioni, It
would be.  simpler if the levell codes are in' the-,same
order:astbe-diiiiensiorrrdefir-iti6rtlist.  specified in thedatainaar't
structure. However, this is;not aarequirement. Based on:  the level code
combination, a determination is made of whether an, aggregate  record.
needs tole written, to:a particular data mart. The level code combination
may also contain, detail level codes from all dimensions..I'n 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 mans may  require detail level aggregares:to be written
ouE.1 Measures are the aggregates generated for the record. The list of
measures  must be a superset, of all measures mquired'byall data rnarts.
The measurescould,  be listed in any order. As, will be .described itl.a
lhter section, the ord c~of the  measures could be remapped to the desired
order fordata man popul!ation_ Sin=-,.the! fields in the fact aggregate
record are. not listed in arty pre   assumed order, users also: need to
define a fact aggregate record, definition- The definit oni would contain a
list of fact oecord field,definitions. Each field  definitions contains an
enumeration M indicate whether, the field is~ a key, level  code, or
measure. If the field is a key''ar: LJevell code, its: field definition
would  contain a reference:to the,dirnension :defthition.. If the field is
a measure: ;its field  definition would contain:a measure defiriti='
1fie,fact:record deftnit;bh allows. 14" 2 1 NOV' 2UQ3 WOO 40'J72165
PCTI-USOO/14497 ' ' the disttribution process, to ,now what eachifi ldi
is,referring to and remap each  



field accordingly. Thee isone list of dilrnension tecordsfor each
dimension. It contains both  input level and agg egated!!leVel
dirnensien-"ai recordsu F ch dimension' TCcord  contains : a key, a Level
code, a list of attributes, and- am optional ever active  switch. The
lisrof dimension records also Serves as an input tu.the data mart'
distribution: algorithm of the invention. The follbwing table shows the
-.logical  picture of a., dimension,.record: Ivel nods  Attributes,
Attributes, Ever active`switch The key field,contaiins the keyof~the!
current dimension; record)!!ily is:; n  integral value in the presently
preffered irnptemenration :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,
ianlplernentation for fast comparison. Attribute,,to:Attribute,.represent
the attribute values of a record. For detail'  records, they: consain the
same values as,, the input, dimension records. For  aggregate ecords, some
attributes maycontain empty values because they are the  attributes
over~which, theTecord is-, aggregated. For instance, a brand level
dimension record may not have the::product  name: attribute filled in
because each ibiand records ifs an aggregation over many-- individual
product names. 15!' 21 wo ow 72165 Nov 2a 



PCTIUSO0r1449.7 They optional ever active switch is;,a boolean value which
indicates  whether the current record has ever been active iniiany data an
or;.in any  previous aggregation generation process. The switch isused
together with the  optional dimension!~output fil ,terms flag,to filter
dimensional output. As  mentioned before,,the output filtering capability,
is not requiredfor the multiple  data mart,popullatior technique, but
i't'i's found: useful. to be part of the population  process by some users.
If the ever:active switch, is, not used, the::: list of  dimensional
records will not need! to be persistent. If the ever active switch is  used
them the dimension record' together with the switch will need to be
persistent so that the "ever active-in data marts" output: filtering,
option could  function properly. In the presently preferred'implementation,
a master database  is provided for each dimension to main tainthe
dimension,records ever seen., This  flag is maintained as a book-keeping
activity during data mart population. Further  description is provided
later in this,description. Since! the fields in,the dirnension record!itire
not listed in any pre-assurned  order, users also need to create: a!
dimension record definition. The! definition  contain& a, list of dimension
record!field definitions. The: field definition.:contains"  an enumeration
to indicate whether the field its a key , attribute, or ever-active
switch. If- the. field is an attribute:value, its field defiiiition would
contain a-- reference to its input-dimension column. No additional
information is required for.  a key field or,the ever active switch.'iThe
dimension..record definition allows the  distribution process to know what
each field.is,refemng,wo and,remap each field  accordingly. FIGURE 2 shows
the containment, relationship~ tong different.table~or  column
defrnitionsrthat have been mentioned above. i16:. 



2 1 Nov 20031 WO 00172165 PCTPUS0Of14497 ; The data,-mart
popuiationtechnige of the invention is very diffetem from"  previous
populationtechnique sin that it closely ties the dimension tables X-with
the  fact. table in each dat&rnart.:In a, sinigli ggregation generation
process.. itallaw&  multi pie data marts to be populated': Each datai:matt
can represent+adifferent star  schema, contain different dimension
attributes, and,Pldifferein aggregates.  Furthermore, data partitioning is
allowed so, that.data.marts may:share: the same  dimension or same Pact
tables. Thus. dimension or factr tables generated from  more than one data
mart will contain emerged data from those data,marts_ The system of the
specific embodiment of the invention, described  involves the following
components:.:a data mart structure, a. fact writer, and"  dirciension
writers (one writer per dimension): The following subsections describe  the
design and major operations of each the 'three main system' companents.
Based on the above user-specified information, the information could be
analyzed and structured internally: as depicted in FIGURE 3. This is
referred to  as the data.martstructure. The structure mainly provides
access methods for other  system components to get the! data mart
attributes:specified by users. The above data mart structure is
constructed! by analyzing the user  specified information: The cross
product table is the. data mart structure contains  a list of crass-product
level code and d'atamartibit vector pairs.. The level. codes  in each cross
productare::listed inu the" same - order as:specified by the diincnsion
definition list The bits of rhe, data mart bir!vector are listed in the
same order as..  specified by, the dataapart definition list. The The
cross.productitablc contains a distinct set of cross product level codes
required by all data:marts~ It is obtained by merging;the:cross product
level. codes 



17'-' 211;NOV:20a3 WO Gorrz165 PCTIUSOO/14497 ' specified in. each data
mart; The table is sorted. by the: level, code corrlbinaxion to  speed up
searching. ;Level, codes, are integer values- in the presently preferred
implementation for fast cornparison. Associated; with each'; levee ! code
combination is a bit .vector which indicates the: data marts in which the
cross  product is participating. The values in, the cross;product table are
constructed by  parsing the list"of level cross, products~:in each
data.rnart;'~adding each new level  cross product entry to the table" and
setting ;the current data mam bit to,i,il in the  new or found entry The
measure definition list! and list,of measure bit vectors are generated  by.
further:analyzinlg-the:: data mart definitions. The measure definition list
contains t distinct set ofimeasure definitions that,are required by all
datarrtarts:  The vector is obtained by finding the unique-measures
req}tired.by each fact: table::  of each, data,, man.- Each . measure
definition is, unigpely identified ,by- its..  aggregated input measure
colurnn(s)anti its aggegarion type (e7--g', SUM M. AX  Imo, etc.), The list
of measure bit vectors contains one entry per data mart. Each- measore bit
vector indicates the measures that are required for its: corresppnding
data mart.The two lists are initialized by looping througheach measure
definition  of the fact table f om each data mart. The major steps.required
are indicated in the.  following pseudo-code: // martflefLlst
measureDefLast, and measure Bit Vector List  are the data mart definition
list. measure deftiudon /:/ list, and t of measure bit vectors respectively
that  // are maintained in the data. mart structure.  



Initialize Measures lnfo Q {J / / initialize the list
measureDefList,.clear 1811~; WO :00/72165 // first find the unique: set of
measure definitions  for (ii = O i < rn DCfL'ist. size ~ O i++) 11
vColumris = PCTiU 1Uf 14"l marts]efl.a'stli]l,!factTableDef,GetColumn 0:
//''loop ,th, ro-ugh eachi,colurrui in, target table  for.. = O.j < vColun
ns.size-O:j; ++) if (.vColumrlsLjl.lsMeasure 0) ( //"check if th'e'
rneasurr, def is;,already, iniltie  / /" current measure def initionl list.
foundlndex _ findMea.sureDef (measureDeMist,  vColurnnsGetMeasureDef ()):
/.; if new ineasur+e if (foundlndex' =~ 1)...  measureDefList.AppendEntry
(yCOluannsU1.GetMeasureDef /,/,add measure bit vectorito: the list: one per
data mart  for. (i = 0:~ i c martDefUs_t.Size 0" .i++) (I vCuluinns _
niartDefListlilfactTableDef iGetCralurrnns  iiitiaiize measure bit vector
bitVettor = 0: 



z 191. WO 00/7216S` / / loop ,through each, column in. target table
for,,(j =: 0; j < vCoiumns.size'0: ]Ilr}+) i if (v olun-nsUjJ-TsMeasure 0)
U / / find the measure definition tram the list.:  / /the: measure
definition should be found' I  foundInde c = findMeasureDef
(measureDefList, vColumns,U1,GetMea .reDef 01:  measureBit 11 foundlndex;
bitVec.to.r = biffec:tor:~;1 measur'eBit: J/ adds the bit vectori of
requited measures to the  measure BitVectorList.AppendEntry (bttVector)::
Onceahe-data mart structure is constructed, it is available for other
system  components,to query user specified parameters. The:following;
listcontains all the  access methods required for,the data distribution
technique, 1) All Mcasu Definit ions vMeasuresDcf = GetMeasureDefinitions O
cone Get::a constant: reference: to the. Measure definition list. The
vector  comains All distinct: measures required by all data marts, Each
measure  definition, contains information of the aggregation type and its
input  measure column(s).:,, 20 2 1, Noy 20 W0 0w72:165 numMeasures =
GetNumlvleasures ()const 



PCT7,U Soul 1,44Y .1 Get.t~he::total no. of..measures-i-n the data-mart
structure. r is the some as  the size:of they measure~defiiniltidti list.
het Measure Definition IttdeX index=GetMeasureIndex (iconst
measureDefinition&' def).corest: Find the specified measure definition in
the measure definitions lisi,or the  data mart structure; It returns a
0-based,index of t1e measure foundin the  list. If the specified measure
definition is- not found-the meth6d,teturns  -I. 3) Qaz Ala Dimension
efinitiMi vDirnensionsDef = GetDimensionsD'efinitions 0, const:: Get
a::constant reference to,~ the diincnsion definition" Dist. The vector
contains all dimensionidefinitions., 'ach dimension definition contains the
dimension output. filtering flag and! level codes and conditions.
nutnJ3imersions = GetNumDimensions O const, Get t1 total nou of dimensions
ini:the: data smart structure. It is the same  as the size of
the:dimensioniidcfihitioniiiist.. imensictr- De tniticni Igglex, index =
GetDimensionlndex'(const dit te:nsionDef& del;const.. 2'1iii 1 wa 0til72165
Find the specifiedditension,defi'niti''dh in:the,dimension
defrtition,listof  the data mart structure, It reou & a O. based index of
ithe dimensionlifound  in the fist. If
thespecifie~ddirnension,definitioniis-riot found,- the method  returns.
-.1. 0 5nr a tl Data Mart Definiltions vDataMJ rtsDef'=
GetD.traMcrtDefinitiorts Oconst 



Get a constanc reference to':th'e! data mart definition list- The vector,
contains: the definition' of all data,-marts. EachiHidata mart definition'.
contains the dimension and,.fact tabl,* definitions as described
inlisection'  11.1.4 Get Actiive Data Marts fora Crass -P.TOduct~ vManBits
= GetActiveMarts (const erossProducti$velCode& 7. prod)  Coast Given a
cross product level'!combination, is determines which data marts  wi14 need
to generate the s:pecifted&cross, product in its fact output.,. hi'
basically searches the:crossiproduct table and' finds the: specified cross
product. The.returning;bilt vector isi indexed the same way as. the
d6tairnart  definition, HA- A bit set to I indicates th'e corresponding
data mart needs  to generare/output: the specified crossproduct.. 6) rive
Measures for vMeasBits GetActilveM, easures. (const dataMhrtDefinikion&
rMart  const ._ 22! wo aOf72165 vMeasBits = GetActiveMeas:ures: ('int:
iM'hrt) cons[ Giiven a,data mart definition or a d`e4tnart index. if
obtains the measurebit. vector for the specifi'edi data mart:~The:returnirt
bit vector is indexed!  the same way: as the rneas:ure~definition;list. X
bit:-set to 1 indicates the  corresponding measure is required fbr the data
mart 7) t Active L 'ata Ma s for a )vel ' vMiart&ts = GetActiveMarts;
(const dianensionDcfinition&r.D:im, c-onst  levelC&de& code )const
vM'artBits = GetActiveMarts ;(int iDim., consttlevelCode& code .)const 



Get tbc data rnarts that need' w ioutput dimensional rccor&-of the
specified level in the specified dithinsiiana This function basically loops
through the.cross product table ands matches the: specified level-code: of
the specified dimension inieachlcross product combination. It then:bitwise
O Rs the data man bit vector.from""each found!cntry. The returned bit
vector is indexedthe same way as the data mart.definitii+n:list. A bit set
toy I indicates;the corresponding data mart needs to generateIOutput the
input, level cross product_ 8) G+ ctiveLzvel Codes Cauvery Si d ata
vLevelCodes = GetActiveLzvels (constF dimes siouDef nition& rDirn.  const::
dataM, anDefintion& rMart') const : vLevelCodes = GetActivcLevels (i.-tt
Mii n.' int iMart) const 23,1 2 1 NOV 2003 wo' 00/77365 r'.. 1 /.U ZUUf CYV
7+' Givezi a :: dimensiOnanda data mart: definition or their
corresponding:'  indexes, -these methods: obtain, a list's of
distinct:.ievel codes from the  specified dimension where the level arc in
the list Of cross products of`  the specified data mart- Fora -particutlar
dhta man,; whether a dimension,  record, i~ outputted; to a target table'
depends one whether its levels has  participated, in any cross, product
combinations of: its fact rabi and the  



value of the dimension output filtering flag'.: The "Fact write( i& a
functional component, responsible ffrgenerating tF-e  fact tables for all
data marts. It takes the list: of fncr agg egate_s andl.irs, record
definition as input, queries the data imavr structure for other
user-specified  parameters, and outputs a! fact table: for each, datamart:
Nate thara, fact table may  correspond to more than one data mart if
multiple: data!rnarts have specified to  merge its records to:the same fact
tablet As, mentioned previously-each fact aggregate record contains --a
list-of  keys, level codes, and measures. However" thekeys, level codes;
:and measures-- are not required to ,be in the :same; order as, the
dimension, definitionmilist and  measure definition list in the data mart
structure: Their orders are specifiird in the  fact aggregate record
definition. Thus', the "fact. writer" will" need' to:: setup a,  mapping
scheme tore-position the coi'umns-from the aggregates recordi'based!!ein,
the dimension and measure order inithe data! mart, structure. Internally,
the fact writer will: need 1o setup a ,key, position: vector; a level  code
positionivector"and ameasure position vector, The:size of thekeyand level
code position vector is,,che same as the number of dimensioflL The size of
'the  measure position vector is the sae as the size of the measure
definition list an  the data mart, structure. These vectors barital'1y
contaii the column positions of Z4... ' 1 NOV~ 2003 WO 00012165 PC
fUS0O/Iaa9T 7; ,he keys, level, codes, and measures fromrthe facr agg.regte
record's. They are  used, fors re-mapping; the colunns so rthatrthe fact
writer could! process the  agare:gate records in the same dimension or
measure order~as specified in the datal  mart structure. The following
pseudo!-code-d'epi'cts- the major steps of how the  



different position vectors are set upi The input to the function
describcd,therein  is th data mart.art cture. // After execution, of the
function. thie keyPosVect:i  /./~~xProd'PosVect. and
rneasurePosVectvectors; are setup .far / /:: remapping colurs ts,from fact
aggregate records. Each item  in. the vectors will contain the
corresponding column:  position 1 &om, the fact aggregate record,,
GonstructRemapjingVectors 01' //'initialize size::ef position vectors..
keyPosVect ire size (data:MartStructure.GetN m' irnensiorts (4'
xPr-odPosVect. resixe (data.MaitStructure:GetNtlDirAensions 01:
measurePasVcct.resize (data.MartStructure.GetNumMeasures Olr, loop through
each field dei .ttion, of the fact  / /. aggregate recorcl for (f 0: 01.6
factAggrRecordDef.siZc 0, i++) it  if (actAggr.RecordDef(il,,NK + 0), {
diraDef =:: factAggrRecordDefCil-G-etDimensio of 0: 25 iii 2 1! NQV M3 wo
0o'n2165 // finds the index of ,dimension definition from  f ! the
dimension definttnen list foundlndex =: , "  



dataMartStruucture_GetDirnensionind x (di' ef);  keyPosVectlfouindlndexl =
i-11 else  if.-(far, grRecordDeflil!.lsLeve[Codk 01  dirnDef
factAggrRecordDeAil.GetDimensionDef'E find the ind'e, c of5dimensiow
definition from  the dimension definition list. foundIhndex;  data MaztSt
ucture.GetDiinensionindex (d ef) :  xProdPosVect(foundIhdexl i; else (;I''f
rneasurecolunnns  measureDefl= fact rRecord'Deijil.GetMeasureDef iU; //
Hind the, index of measure dfinit1an from, the  f I measure definitions
list 'in data mart structure  foundln dex :_
dataMaxtS'tructure.GetMeasureIndex:  (measureDcf ):  l l ignore measure:
that is not ;active, i'3t any"data  marts if (foundind'ex y= 1!) 1
measurePosVect(fauridMdexl i r :ie  WO 0W72165 2 N GV 2001
PCTI~t1S(c)0114497 ; 



The,"fact writer" aIIo:needs;wl, analyze the fact table definition
specified'  in each. data mart definition, [t reeds to maintain, a -list of
distinct target tab-te  definitions required by all data marts. Associated
with each target table defir+ition,  is a data man bitvecvor. a boolean
vector-,: and a ppsition vector for re-positioning,  the keys and measures
to the position' desirable by the target table. The  information needed for
each d st-inctfact :targets table is listed' in the structure  represented
in the fol=towing pseudo-code: fac ~-ab1clnfoJ factTabieDef; // fact:
targeLtable definition  / / from:.data mart structure;  dat M"artBitVector,
/ 1 11st.of'data marts merged / irYto this target Table.  isKeyVector::
boole.an veetor to indicate  /'/ key or measure. posttionVcctor, /J integer
vector. to, indicate  /1 mapping position. The following pseudo-code''
indicates: how to: construct the' above  described information: 27, 2 1 NW
2009 wo.00M 165 !!' A fact table infortmatior- list will be it itialized
with  / distinct target table infaarrnati(c)n':i
lrAtializeF'ac.tTAbleslnfo 0 /I clear the list of target -table
irifo:stored n- fact  / / writer factTablelnfQList..clear (): 



// obta4n data mart info from data mart structure. efList
dataMartStructure, G.etDatsaMart.L7efiiiitians I / for each data mart for
-(i =--O: i <c mart.Defl.ist.siZe Q::,i. ++) { ~. I'f a & rJ.JI S"_. checks
if fact table of cur-renti data mart has  (!' already appearedd in the:
factT'ablelnfbList  foundlndex = findTableDefintion (rrmartDefUst{i).f
ctTable)ef.,  factTablelnfoList) martBit = 1 << i:: if (foundf'ndex >= 0)::
, l // F if fog nd / /,mark the current data mart also active in the  same
target table. t`act'tablel1nf stt,fOUn iIndex).dataMaartBittector
factTableinfoListi~foundlhdex).data lartBitvector  martBtt:.. else {i,  2
1' N&v 20U3 p It!S001144977 ; WO 00t72165 / / construct ia new target table
entry'  facCTablelnfo.fac Tabl'cDef = rnartDefListtilfacffableDef
fac-tTabl'elnff.'dataMart8itVector = rnar'tBit;- 



/ / get the listof column; definitions::fram  the table vCo unnns:: :: :
maxrtDeMi'st(la'faetTableDef.GetColu=Defs 0 /,/!,set ~the size ofkey'vector
to no. of columns  factTableLnfo:isKeYVCctor-.resize (vColumns.sim U):
faetTablelbfo.politiconVect ar.r.esize  (vColurnns.size: 0); //; loop
throughcach column in target table,,.  for ( 0 O j ; vColumnssize 0: j ++),
if (zCol'umns[j(-15K-ey 01 (  factTablclrLfo. isKey'S?e.ctor j tr e: /'/
find index of dief in data [art  /t structure diiriJndex,  da'CaI&rtSt
ructure.GetaneziSionlnd  (' ~-,bluannsUl-di nensfonDe{)
factTablielnfo.positionVectorU]' _ dimind 29 2 1I we OOt2IJ6S N O V 2003'
FCT/USQO/14497 



else! d' l /:: cif: column is a measure  factTablelrfoisKeyVectOr j false:
J,/ nd.!iindexofV-ColurnnsUi',measureDef  //'An the data mart structure
rneasur. elndex:  dataMartStaucture,G.etrvleasurelndex  (vColummS(jJ,
measure Det) faetTablelhfo,.position\ecttortH  measureimdex; factTabtel
.foUst:ElppefdEritry (factTablelnfo):  1 /'/Selse }I/./for This
pseudo-eade,populares:a~lis~tof distinctrfacttarget table information
inside the fact writer based on the! information from the data mart
structure:'It  loops through eaahfdata, rnarvand'inspect&its fact:target
table deuniticn. First, it  finds if' the target table definition ij
already:,;jn the currenttarget table list. ! If  found,' that means another
data mart ;is alread'y' outp_utt its results to,the same  fact target
table. Thus,'thl a bit ofith'e current data mart-, will' be set into the
data  mart bit vector of the found target table information entry. It the
data 'mart is  outputting to-=ainew fact target table., a new target table
iiformation 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: popul.atedfor e- positionih.g- target
:column,purposes. 3 2 0401V 20G3 T1USOUiI4491  PC 



W0 00l7f765 The siz.e~of the booleaniiand!-position:ivectors'are::the same
as the,.no: of  columns ins the target table. Each entry- inthe:
b:ooleanvector.:indicates whether the:  output column is a, key or a
measure.. If thetalumrt: is,,a key, the corresponding'  value in
the:posi.ion vector`would,imdicate the dimension index of +where~.the key
isfrorn. If the cotlumnu~is ameasure-, the corresponding:value in
thepositioavectorri  would indicate the measureindex from the measure
deftni ion listanthe ddfa mart  structure. These indexes are
used!!itoreHppsition the columns when :!,th e"fact  writer" iis given a
list of keys and rneasuresin the same corder as the dimension  and measure
definition lists respecti!vely: FIGURE:4 describes an. example of  how the
overall mapping mechanism works:. After~thc internal data structure of ',he
f t wt ter,is initialized', the "Fact  writer" can, start reading the list
of.'.faet aggregates and di tribute the aggregates  to different target
facvtablits. The "fact writer" will bnly need to-read' the, list of
aggregates once: For  each record, it would re-map and  distribute the
mapped record(s) !to each  panicipatih.g- target.:table The fblllowing;
pseudo>code..function -describes the  process of multiple target: table
distribution given one ag regate record: wrtteA
;gregateRecord[I(aggrRecord)'i 01I' // fUU up
pre_anocated..(brldata:members) ikeys., xprod. // and measures: lists based
on reutnapptng columns from' / / aggrRecord. for (t"= 0.- t <
data.riMartStructure.GetNum itnensions  t++), I.  2 1 NOV 2003; WO
MMM,721'US 



keys{Ri = aggrRecordtkeyPosVectlnj];  x?rod(!il =:,
agg~tRecordlxP'odPosVectti]j'_ for-(i ,, 0: i _
dataMartStructure:GetNutnMeasure5 t?~  I ++): measurestil ~
aggrRecord(TneaSUPePbsVeCtlill" ?t 1IUSUUAt44t'tr I //`get!active. data
marts,:fortherurrent cross product  actlveMarts = d.ataMart.StrUCtUre.G;
etAc'veMarts~ (xProd) / /: loop through each distinct target. tattle  for
(i.= 0,, j:< factTablelnfol ist.siZe::Q; i++) l;l l //if the.record ts;
active in the current  // target table if (activeMarts &
factTableInfoListli].dataMartBitVeetor.) // loop through each column  fora
0;.j -5', factTabILI-I fo st[jj.isKeyVector_stze 041  j ++)Il position
fact'T'ableiitif~i.i5t(l).po5tti+~nVe~tor~);; // re-position key and
measure colusnnsin,the,  pre-allocated outptatRecord if'(factTableI
if'oUstli]isKeyVectoruI  ~= true) 32' 2 1.N O V 203 WO 00(72155 



vise ?CTIUS00I14497 , outpu:tRecord it - keyslposifiiotn outptt)Recordbj =;
measures{pnsitiOn)~ / / output record to the target table
writeRecordToTable (outputReeord); There shouldhe an outer loop to, read
each aggregate record and call this  function to write the record to each
participating targetritable. Thus, the 'above  function is executed as many
timer asthe: number of records inithe input list of  aggregate records. The
fdhct on first rc-positions the inputiaaggtegate records into Iii-t' lists:
key, cross product,i and measure list. The'I'r`napped, keys 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-isame
order as the measure  definition list: Then, the function,dieeerinines 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
activedataa'marts, the keys and measure list will lire-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
unnecessaryif the record is.prc-or&red:a&expCcEcd by the!  data matt-
structure This is achievable by~ utilizing the data mart structure during
aggregation generation as explained' at the end of this document. Since a
is not 33~ 2 1 iii NOV 2003. WO 001721.65 PCTIUSOOt t 4497 



a requirement for the. data mart..populations technique, a more generic
approach i  has been adopted and0this assumption is not put as a
pre-condition. "Dimension writer" is a functional component responsible for
generating,  dimension target tables of"Qne:Aimension for, all data, marts.
Ion takes; a~"list OF  dimensional records as, input, queries the data
mart, structure for user-spec-ified:  parameters.. and outputs a, dimension
it'able for each d a mart. Note that. -a'  dimension table may correspond
to more than,one.dbta, mart- if multiple data marts  have specified to
merge its,records to the same dimension table- The "dimension water"' needs
too setup some internal infbrmnatib% before  it can start damdisuibution.
First. it, needs 'eo.find the key, level code, and ever- active switch
position based do its input dimension recorddef ninon. This could  be
performed Sy looping through each field in the dimension record defiiaition
as  depicted in pseudo-code shown below.It saves the found key; It vell.
code, and  active switch position into an internal variable of the
rd9rnension writer. //dimKeypos key position from input ,dimension record.
//dimCodePos- level' code position from"input difitenslon  / /: record. I
l: dim.SwitchPos active switch 'posttibn. from input  dirnension record.
GetDiaenPnsitions .Q dimKeyPos = -1;  dianCodePos = 1;  dimSwitchPos = -1;:
3411 kl 2-1 NQV 2003: WO;OOf721'6S' for (ftt t x=01;:~4 < din Re-cord
Def.size (1; i++)i f  



i~ (didiRecordDefjij~ Is Key: dinmKeyPos i;' else
if`(dimRecordDefllil.IsixvelCode 0)1  dirnCodePos ; is else if ((dl
RecordDefjil' l.sActiveSwitch {))  dmSwitchPos i; fCTfUSOO/14497, , Before
doing.,mu)tiple dimension tables distnbuti'orr, a pre-processing step  is
required. to obtairt,'~an active data,mart bit :vector for each
dlmensicnalllrecor_d.  The bit vector i's used to aid the output filtering
option described wirh respect to  t-he input requirements. Thus" if output
E ltenrag is not ~ irnplernented. this pre- processing step could also be
eliminated'; :The output ofthe pre=-processing step  is list of data mart
bit vectors, for,ieachdimension where each dataim art bit  vector
corresponds to one, dimensional record. The pre-processing step could
populate the :lists of data mart ~bicc vectors-- for: all dimensions at the
same time by'reading,,the list of fact aggregate records  once. Ioitiaify,
the lists of'data matte biv vectors of all dimensions are-set to 0.  Then,
for_each fact aggregate record.'the ;key!and level) .code pair are bound
for  eacft;dimensidn.'I data;martbit vector associated tivithi the cross
products of "the  levels for each dimension are found using, the " Gct
active marts,, #6f, a, cross  product" method. '!For eachAey; the
diinensionalrecord is_ found from the- corresponding dimensional
record.list by,matching the key. Finally, the data mart'  bit vector of"2he
found dimensional: 'record will be: ORed with the data manbit  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 3 2, 1, N O V 2003 



Wo 00,'72165 vector as well as any data marts it was already associated
with d' ieto appeanng  in other. cross products: Thus, by reading the list
of fact aggregates once, the data mart bit i iectars  of all dimensions
will be popuiate& There-processing step can be optimized to  be performed
during aggregation generation: However, since the it'ial'ization of  the
data mart bit vector.list s part ofirhe!prefetredI'dat.a man,population
technigxte.  the pre-processing step is divided out m provide a moregeneral
approach. The "dimension writer" also needs ito query; the data mart
structure and  analyze the dimension table definiitidn inforrmaticn for the
current dimension  specified in each data.rnart. internally~~the dimension
writer needs"ta maintain a  list of distinct dimension target table
definitions required by all' data marts  Associated with each dimension
table definition is an actiive data mart bit vector,  a list of active
level codes, and a position. vector for re-positioning the :keys and..
attributes to the position desirable by the target table. Themformation
needed for  each dimension target table is listed iii thefollowing;
structure: dimTableInfo: (', ditnTableDeft 1./,dimension target table ,,,
l/ definition from data man  II structure. . dataNartBitVector; J/ list of
data marts: merged /1 into this, target able,  levelCodeVectov 1/ contains
list of `active //,level code's fore the table.,  posi.ionVector, //
integerivector to indicate 361-1; 2 1 NCO V 2003 



Y~GT/USJu14,3~Vr ,  wo 00172155 ffmap.ping ppsuiOf' " The. fokIowing'
pseudo-code indicates; how- to~,,construct 'h' above described information;
// A dimension table inforrnatibn,list will be initialized  //-with
distinct target table information. inn itialtzeD imTableslrzfo: 0: / /
clear the list of target table ;info,~stored iii  //'dimension vniter
ditnTablelnf1Listclear 0 rnart.DefList  dataMa
t,Structure:GetDataMart'Dr-Rilitions 0:: / / curDirnDef is the current
dimension detnition  cuxD 11Iznd c =;:
data.MartStructure.GetDirnensionlndex (curDintDO: for ti.i 0: i < ma rtDeft
lst.size ;0 i ++) ( . //check if dimension. table of:current data mart !has
//already appeared in the: di nTabliftnfoUst foundindex =
fi-ndTableDefihtion  (martiDefLiistlil.dfrnTableDeflcurDirra fndexl :!!
dimTablehfoUst.1 37T. 2 1 w o v 2003 W0 00J721165 (--foundlndex >= 0) I(~'
1/ / if-found: / / add cutT,ent data mast to data mart bit;vector  



dirrtTabllelff6Lis!t(foundlfdex(, dataMartBitVeetor_
dimTablelnfdUst(Ifourldlmdexl, dataMartBitVector - { rtBitt // merge
currentlist of aczive.~l'evel codes  into the!ffoundlthUy, vCodes
G,etMctiveLeveis (curDirlndex, t):  mergeDistinctL evelCodes (dimTableinfol
ist(faun+dindL-xii levelCodeVector.  v0bdes): else / / construct a new
target! table entry  dimTableIi fo:ditnTableDef
martl)efl:ist[i).d1SnmableDeflcxirDW*An'dexI:
dimT.blelrfo.,dataMaxtBitVect0r = martBft :!:!  dimTablel tfo levelCbdL;
-Vector GetActiveLevcls (curDth2lndex. i):. get the list of co1umns from
the table vCbluimnsl 'efList(1];dixnTableDef GetC61nilefS0: for U = 0: j <
vColunw s. size 0~1.f.f.) :(f  if (vCoIw=sU1.1sFijiy 0111 3 WO, Ot'ld7Zi65
NOV m i r u3uur 1. keyposition from i.1ipu.tditza.ensiof1.  / record_ 



dimTablelnfo..p ositjonVec to r[j  dirnKeyl?os,, else ( /f/ attribute
coh..:nn key fpositionIfrO T1 input dimension:  record! d!unTs
blelnfo.positionVectorU]II dirnR cordDef.FindlnputColurnn
(v,Columnsul.GetlnputColulma): I // for 1, /,1 for This pseudo-code
populates ~~a! It v of-distinct-dirnension target table  information inside
the writer based i on the information from the ! data mart,  stricture. It
loops through each data mart and inspects its target, table definition,  of
the current dimension First, it-finds'if`tle! targettabl definition is
already in  the target table list If found, thatirncans another data mart
is already outputting  its results to the same dimension target ;table.
,Thus, tht bit of the current data  mart will be set into, the data ma rbit
vector of the. found table reformation entry  Also,, ,the list of active
level codes fdOhe; current. data mart wild be, merged into  the levelcode
vector of-the found [entry.; V! the: datarnart. is outputting'To a. new
dimension target table, a new target table. infoi nation.entry will be
added tathe  list. The bit of the current data rnart wffl. be set inithc
initial empty data mart bit  vector. The level node vector entry w ill
be"populated with the list of active level 2 39.:. 82f W000!72 16S codes
for the current data mart. Fina1ll!y.;'the:positi'on' vector will contains
indexes.  



or column posiE.ions from the, diim'ension record. The vector is used for
re- positioning the .columns from the dimension records to be outputted
into the  Large table. After the internal data structure of the diinensioni
writer is initiaiiaed. it,  can starts reading, the list of
dirrnensionalIt&ords and distribute the records to  d'ifferent target
itables. The dimension writer will' only-need to- read the list of-
dimensional  records once. For each rccoFd, it would ! a-reap and
(distribute the mapped  record(s) to each participating, target table;
;Thefollow.ing pseudo-code function  describes the process of multiple
target table distribution given one: dimensional  recordand its
cortcspondin.g active-data mart bit vector WriteDiJnernsio card (dirnRecord
activeM-artBitVector. for (i = 0; e_dirTablelnfoList.si2e O i++1 (1HI
activeInTable = activeMa tBttV'e:ctor-&  dijtnTablelhfoListf it .
data.N4artBitVector:  leveltaTable;,= tdL'evelCodt (d
tTiablcWfList11)!_activeLeyeICodes,  1d1 eordItiiimCOdePosl);
outputRecordFlag fa113e: NOV 2003$' 40: 2' 1 NOV'20031 wo,OO ZIGS /y update
the even active, switch  if (active InTabN,-) 



dirnRecordidimSwAchPosl = true; determine whether to output the record,
depending  on output filtering option... if (filter(c)ption.'= AllRecords)I
'I  if {level 'InTa~ble) 1  outputRecordFlag = tree: else  if (filterOption
-=:; AetiveInDataMarts) { if (leve)InTable &&;activehbTable)
outputRecordFlag =::true: else  if (filterOptian' == E VerAetivelnDataT?t
)! ( if (leveUnTable"&& d mRecordfdirn5wAcbl?0SI == true)  outputRecordFlag
true; if (d itpuutRecordF1ag ==-true) I. for a: jl, "'
dimT'ableInfoList(1l. positionVector. size position  cliMTablelnfoLtst[il
-positionVector[i l;:: output}.ecordUj _: di mRecord1PositionT)a  2 1 NOVI
wo 00/72I65 writeOutpu.tRecord ('outputRec-ord): 11 // for 



The active! data mart bit vector is,,the output: of the: pre-processing
step. There- should be an outerloop to read each dimensional recordiand
call this function to.  write the:record to each
partiicipating,targevtable. Thus, this function isexecuted  as-many
times,as the no. of record's;in:the input list: ofditnensiana4 records. The
function coops through, itsiistpf dimension target table information.
IllIfirst, initializes two flags; activeInTable and levell'nTable.
activelnTabie  indicates whether thecurrent dimension recordis active in
the fact: levelln, Table  indicates whether, the level! code of the
cur'rent:dirnension record is,imIthe level  code- list of the current
target tabl''e.''It then updates the: persistent ever active  switch. The
switch is set to true if the activeIhTable flag is, true.- Based omrthe
filtering option. the logic determines whether the current dimension record
should  be outputted ..'ta the targeti table...IfI the record is to be,
outputted. the: key and  attribute columns will be re-rnappedito
thedesirable column position of the target  table. ft~ should be noted that
the: "EverActive" flag associated with each input  dimension record could,
be replaced' with an!!!"Ever Active in IDataMarts' bit  vector. This would
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.require n aintaining:petsistent data relating
to tie  output data marts, preferably:; iris thek input dimension tables.,
between  aggregations, This. causes problerns keepi
gtheinputfactdatasynchronized' ith 2003 4Z.. NO V 2OUX~ WOPOOf72165 the
output, data-mart definitions and' Ifior thiisl reason; isn't jmpjcmVntCdII
in the  preferred embodiment described herein. The; "Ever Active" flag is
plerrme:nted in  



the preferred embodiment doesni t contain any data! dependent ora the
configuration of the output data marts. The operation of the system;
compon.nts.aand the:flow thereberw..een are  hereinafter described:HGF E 5
depicts anavervview~of d to flow given the: input  requirements and the
system , components described' iia previous.sections. As depicted in the
diagram the! data, mart structure has t 7i bt; constructed  before:
distribution can start. Once the d'ata,,rnart structure: is
initializedr.!.the pre  processing ;step:for dimensional recordscan-take
place. The pre-processing step..  establishesithe,!eldpositions of keys;
andilevel codes from all dimension record..  definitions;and, fact
aggregate record] definitions After that, reading of the fist- of.-fact ag
egate :records; is .commenced_ot"''eachi fact n egate record'',;; he data-
mart bit vectors of i'i al'l the fact aggregate;; record's correspctrdin.g,
dimensions  records (ogre from each dimension) will be.updated: Details of
the pre-processing,  step were desribe&earlier with reference,tothe
"Dimension W'riter'"_ When pre-processing is complete, the: operations
ofthe "fact writer" and:  the "dimension writers" can proceed inn parallel.
The "fact writer" takes the- list  of fact aggregate records as
input-.queries the data mart- structure,,and, generates  a...fact table for
each data mat, Each""dimension writer` takes- a' list- of  dimensional
records and ilts.correspondinglist;of data,mart bit;vectors generated  from
the pre-processing- step as,; input;' ;queries the data mart structure, and
generates~a dimension table for each'data mart: Thus. the writers: do' not
have any  interdependency and they could perform, their tasks
independently. However, if  the data marts are beings loaded, onto: a
database into tables in which- referential 4 I N &w 2903 WO 001721.65
integrity is enforced, at any particular instant; all :key values in the
fact data must  



have corresponding, values in the dimensio' data. If the fact waiter writes
an entry:  before all its,corre.spond'ina:key values havebeen,written by.,
the di.merrsion writer,:  there will be a breakdown in referential)
integrity:; T-f:the writersarebeing:'tnsed in  such an, environments':
referential! integrity enforcement must be disabled' 'before  commencing
the process and re-enabled when the: process finishes-AlternattvC11y,  the
fact writer could':be set to -commence :only;when tlie: dimension writer
has  finished processing. The following is a summary of the: major benefits
and advantages of the:  data: rnart populations technique of the
:inventions tl Allow population ot! multiple data masts ins a single
aggrgation  generation process. 2) :: Muchmore resource effective to
generate multiple data mans inone shot- since data marts can
have::overlapped.a;gregates 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'l- Allow:: data
marts 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. to the aggregated record '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:fast  table...The data marts
generated are much less error p one. 5) Allow, data partitioning for large
data sets. Logically separated data marts  may merge and share: :dimensi on
tables:to,avoid unnecessary duplication  of dimensional data
whiles~havingdi'fferent fact tables.. With t ht -flexible A AIII NOV 2Ql0- 



wo 00772165 scheme of data mart-distribution, data could be partitioned or
merged in  differentdimensions or fact tables., , 6) Flexible:dirnension
output filtering, scheme allows users to choose the  right:set,of
dimension.record,s to Ibe:outputted to dimension tables. The technique
provided: in this Accument is; intended to cover is more  general scenario.
Additional and reasonable! assumptions could be applied to the  technique
for optimizations. This section describes, a few variations of possible
optimizations: As mentioned- before,, the ~ d'imensioririlloutput filtering
flag is; not a  requirement forthe data mart population technique of the
invention~.:h is provided'  to enhance the capability of dimension
records'-distributidin. Thee logic has been  provided to enable four
output.filkteving options which, =4 no dimensionioutpuL,  all dimension
urecords, active in data mart; and ever:l!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 d'ata' mart'', output  fiiliering capability requires dimension:
records':ever~seen to be kept persistent  hecausc each dimension record
needs' tomaintain an:"ever active"'filag:oVVer time.  if the "ever ative!
in', d ita, mom'' filtering capability is not needed to,be supported,  then
dimension records arse- also not required! to! be persistent: In the
described technique;:no assumptions were made about the measures  iniia
fact aagmgate record except that 'it: should be a superset of-all measures
required. Also, no assumptions were made about the field position,ofithe
fact  aggregate rccardsiand the dimensional records::In
the:preferred!implemenzation..  some, reasonable assumptions were rnadt
because the: data mart structure is 45 2 1 NOV 200 3, I 



we O W2165 m i mnuui veft7ri constructed befare aggregation generation it
s,fairly common that users.would  have all the dimension and,data mart
definitions before a gregation generation. Given. the data' mart structure
before aggregationo generation, ,the set of  required measures is known.
The order of dimensions-and measures in,the data  mart structure is also
known. In this case." only the required measures are  generated during
aggregation generation_ The keys, level codes, and measures  listed in each
fact aggregate recordkould also be in some!pre-assurried,order. For
instance, the first Nfield;,in the record would be key field in the
same-,order of  dimensions, as, specified in the datai mart structure,; the
!next N fields would be  level code fields also'in the carne order
of-dimensionsms specified in,:.the datv- mart structure; the last lei
fields would bey the! measures in the same order as  specified in~the data
mart structureAn this-case, the initiallire-positioning step  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. iri the
first  three. fields for opt mization purposes, If the data mart
structure.i ;constructed before;aggregation generation) the  pre-processing
step, far populating data mart bit'! vectors could alsombe 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 man bit vectors, In the preferred
implementation, when, an input fact record gets  aggregated' into all its
participating. aggregation buckets 'the data, mart bit vectors  of alll
dimensional records related "to theinput fact record and its aggregation
buckets wilt.be updated. The logic in updating; the bite vectors:is
the'!same as  descriaed.in the,`Dimension Writer" section. However;in this
case, it eliminates 



211 WO 801721!5 NO V 2903 ri r rv, uui ..- >, the need of reading L ht
fact:ag;regate recor&one,mare time. Again, the Baia rnart,  bit.vectors, in
~eachi dimension are usedi forioutput filtering purpose. ff.no~owtput
filtering, is supported or tirefikerin.g options supported [do not require
the data  man bit vectors, then the stepfor populating"the data mart bit
vectors could be  eliminated. While the ~prefemd -ernbodirnent of the!
invention, has been shown and  described, it will be:: apparent to those
skilled in the.-art, that changes and  modifications ~rnay _be made therein
without departing "from the spins of the  invention, -the-scope of which
pis ddined by the appended claims. 47n 2 1 NOV 20P3 lai D. A method of
generatingl aplurality of output data marts! from a  first data mart, said
first data, mart comprising:input fact data an'd' ax least""  one dimension
table, said method, comprising the:!steps of. generatufg!!aggregated fact:
data' comprising a plurality:of'records,  representative of saidfact data
summarized at one or more levels;  other than the level of the input
f4cudata;: and distributing said aggregated fact data to, said plurality of
output  data,, marts... whereiim i~certain, aggregated' fact data records
are  distributed to rnore:!than one of!,said data::marts, and wherei_n:the
set of fact-data records distributed! to at:least some of the output  data
marts are not identical 



A method according to Claim, 1: wherein each aggregated.fact data  record
is,generated only once andi'then output to the output data mars  requiring
said aggregate fact data record. A. method according, to Claimed further
comprising the steps of: providing at least one data structure specifying
;levels or level  cross iproducts required by,each oUtput dataTnart;
establishing the aggregate fact data, records which; need W J; be
generated from said inpurfactdata: 481 3 wO 00/72165 generating each
req,4rrred aggregate fact data record', and for each..  generated aggregate
fact data record: 1) establishing' from said at least one data structure
which, of  said output data marts requiTes said aggregated fact data-
record; and.i providing each of said output data marts w-hicft':iequires
said aggregate fact data record with said aggregated fact  data record-! A,
method according : to: Claim 3 wherein said "data -structure  comprises ai
list of levels oricvel ieross products from said at l .st one
dimension,.and wherein. each ielement in said list is associated!,LVith one
or more output data marts, thereby allowing each aggregate-...fact data
record to be associated with' appropriate output .data marts based 'on-1
the  level or level cross product with which' the record is associated) A.
method according, to Claim 1 wherein aggregated fact data is  shared by
different data marts: 



The method of Clam 1,, father comprising a step: of generating  d mensioni:
tables for each' ~df the output Wk marts,fromman input  dimensionotabl.e
wherein each'generated target;dimensidn,tabl~ contains  only'dimensron
records associated with levels requested by the associated  data smart..
49r: i 2 1 NOV, 2 O3 WO 00172165 The method of i Claim 6 wherein at. least
one of, the generated  dimension tables is shared byjwo or more !of'the
output data marts. The method. of Claim 6 wherein- the step of generating
target  dimension tables for a particular dimension: is carried out by
generaTing- a list of levels associated withsaid targes!dimension tables:
and outputtin g,  dimension recor& into. a_ target r-;dimension table only
if the level'  associated with said dimension record is in the list of
levels associated- with said target dirnensioni table. The method of Claim
wherein i i said. list of levels for' a, ~particular target dimension table
is  generated by merging lists;~of levels in the :appropriate dimension
associated with each of the data marts to which the target dimension table
corresponds, and wherein each last of levels associated with a particular
data mart comprises  the set of levels in the corresponding dimension of
all the cross products  with Whichlthe data mart iis associated. 10L A,
method according: t Claim 9 wherein generated dimension  tables in each
dara.mart contain onjy!records from said input dimension  



tables whicbi appear in the aggregated'output fact data output to that data
rnari 5 2 1'Nou' 2063 W.00.0/7-2!145 1 V A method according to Claim lO
wherein the step of generating  dirnemion tables for each data mart: ins a
particular dimension is carried  out by providing
storing,!meansfor:associating_dimension~rec,ords with  each data, mart. and
initially associating each dimension record  with no data marts; b)
performing the following;:steps for each, fact data entry; wherein  each
fact data entry includes, aii set of dimension entries  corresponding
toa.specife dimension record. in each dimension: L.) establishingthe level
associated with the dimension entry  in each dimension; 2) establishing the
data marts. associated-with said facridata  entry: ba.se&Ianthe: crass
product of said levels,,and' far'  each dimc.nsi:om associating each of
said data, rrnarts;:with  the dimension record' corresponding- to
the:dinsion  entry, in said'storing means if the data.tnar_t is not already
associated withi said dimension"entry;.. outputting each dimension record
to each output, dime:nsion fable:  if the dirnensiomrecord isassociated
iidissaid storing means with a  data mart with which said output dimension
cable is associated. 12_ A::method according to:Claim- 6 wherein
generated'l,dimension  tabus are! shared by different output data, marts. 
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