WO 01/ 37135 PCT/ US00/ 30781 1 DATABASE SYSTEM AND METHOD FIELD 5 The
present disclosure relates to database systens. Mire particularly, the
present disclosure pertains to an apparatus and nmethod for transform ng
data in dY@%@&housi ng applicati ons. BACKGROUND 10 Due tf&THP0PNE! eased
~anounts of data being stored and processed today, operational databases
are constructed, categorized, and formhtted in a nmanner conducive for

maxi mum t hr oughput, access tine, and storage capacity. Unfortunately, the
raw data found in these operational databases 15 often exist as rows and
col ums of nunbers and code which appears bew | dering and inconprehensible
to business anal ysts and deci sion makers. Furthernore; the scope and

vast ness of the raw data sSt2AFABASEGMITEMAANIDMETH@Pders it harder to
anal yze. Hence, applications were developed in an effort to help
interpret, analyze, and conpile the data so that it may be 20 readily and
easily understood by a business analyst. This is acconplished by mapping,
sorting, and rizing the raw data before it is presented for display.
Ther eby, individuals can now interpret the data and nake key deci sions
based thereon. WO 01/37135 PCTI USOQO 30781 2

5 The present disclosure relates to database systems. More particularly,
the present disclosure pertains to an apparatus and method for transforming

data in data warehousing applications.

BACKGROUND

10
Due to the increased amounts of data being stored and processed

today, operational databases are constructed, categorized, and formatted in a
manner conducive for maximum throughput, access time, and storage
capacity. Unfortunately, the raw data found in these operational databases

15  often exist as rows and columns of numbers and code which appears
bewildering and incomprehensible to business analysts and decision makers.
Furthermore; the scope and vastness of the raw data stored in modern
databases renders it harder to analyze. Hence, applications were developed
in an effort to help interpret, analyze, and compile the data so that it may be

20 readily and easily understood by a business analyst. This is accomplished by
mapping, sorting, and summarizing the raw data before it is presented for
display. Thereby, individuals can now interpret the data and make key

decisions based thereon.



Extracting raw data from one or nore operational databases and

transformng it into useful information is the function of data

"war ehouses" and data "marts."” In data warehouses and data marts %he dat a
i s struct WAYATIH satisfy decision support roles rather thBAVESYH3onal
needs. Before the 5 data is |oaded into the data warehouse or data nart,
the corresponding source data fron1aﬁzoperational dat abase is filtered to
renove extraneous and erroneous records; cryptic and conflicting codes are
.resolved; raw data is translated into sonething nore neani ngful; and
summary data that is useful for decision support, trend analysis or other
end-user needs is pre-calculated. 10 In the end, the data warehouse is
conprised of an anal ytical database containing data useful for decision
support. A data mart is simlar to a data warehouse, except that it

contains a subset ofExtactigranedstatidnt bfie 8r SobdbBeraBSRACtatMasdUsigness, such
as finance, sales, inventory, or human resources. Wth data warehouses and

data marts, uséfapsfarming irintomsefd infetmatiwrdisahe fretionsf dh@pesabh@fsed"he

deci si on mekers. g:':e ypajor difficulty associated with inplenenting data
war ehouses andnd&Rip marits” 1 datawarehonpesiandrdatamerts; thestata isstiuotured\ dat a
ce of qgperatiogns that transform

2 et of nput ‘SRS Rqdeh MRt of S e aperhe esdi et . ¢ ne

total sum of r Quey inidl L VIS f conpan .hus its

operating costs aggﬁ?aggge%@vt\nh? ?gtaﬁgﬁﬁﬁ@y%endrt & %'ra{)?lﬂ?e crr‘T:;grreS’%‘tﬁ‘itam%orrpany. In

this exanpl e, s@tvxeédetaffﬁdm%@berdﬁo\ﬁbﬁcﬁ&ﬁbas@%ﬁ@rﬁd%?é’xﬁ&@é{‘%t&%@{)&s d
u

conpany | osses are input data and the conpany profit Is e outp dat a,
whi | e the transfronequsireeprils chygsticand qonPiictingriotes & refolsédRAwW dakd fshnet i ¢
operations. This exanple could become :
_ translated into something more meaningful; and summary data that is useful
for decision support, trend analysis or other end-user needs is pre-calculated.
10 In the end, the data warehouse is comprised of an analytical database

containing data useful for decision support. A data mart is similar to a data

warehouse, except that it contains a subset of corporate data for a single

aspect of business, such as finance, sales, inventory, or human resources.

With data warehouses and data marts, useful information is retained at the

15  disposal of the decision makers.

One'major difficulty associated with implementing data warehouses
and data marts relates to that of data transformation. A data transformation
basically includes a sequence of operations that transform a set of input data

20  into a set of output data. As a simple example, the total sum of revenues of
all of the divisions of a company minus its operating.costs and losses will
result in the profit for that company. In this example, revenue for each
division, company operating costs, and company losses are input data and
the company profit is the output data, while the transformation is basically

25  comprised of simple arithmetic operations. This example could become



WO 01/37135 PCTI USOQ 30781 3 mnuch nore conplex for a | arge conpany that
of fers nunerous products and services in various regions and international

markets. In such a case, the transformation is no |onger a _si +
ari thmeti ™Q&Y¥#%a, but becomes a conpl ex network of dataPFFgﬁglgpﬁbtions
(e.g., SQ-Structured Query 5 Language expressions, arithmetic operations,
and procedural functions) that define3the process for how the input data
fromvarious sources flowinto the desired results in one or nore target
dat abases. Presently, the existing approaches for handling transformations
for 10 data warehousing applications can be classified into three
categories: using procedural programm ng |anguages (e.g., C C++, and
COBOL); using SQ. expressions; or a conmbination of these two. Any of these
t hree approaches, however, is primarily focused on capturing the | owlevel

al gorithni c behauitomood camples faratatgeanmpang tHaegfetohuR¥rdRproBaNS and
facilitate the 15 definition and exchange of transfornmation netadata (i.e.,

data that descrPDHA®s imyariensrgsions gad imtethationglamarkets. Insugh acemste) .
Furthernore, this s _usual | erfarnmed by a highly specialized software
engi neer who muﬁna&aélé‘gﬁﬁﬂ 15 rgﬁlgpgm bola %ﬁ%é"t’%qcég’%“]@og‘é%Pﬂeéa
applications. SHghIARMNBAE : | I nd are in high
demand. As such, even a si rrpl%t?grgﬁs%giﬁg%@é%%a%lﬁ%ie§t§?<%‘elﬁes| e?rYIVbre conpl ex:
data transf6r mihngusgeaxpresions meltmensbpetations, kAP pesdRALrAMEndtidie)y #RRsSUM ng
as well, especially given that nost data transformations involve

vol um nous anodsfine 8te pfacess fdrdrovathe inpeidata froth vandwer spuetesdlov friteklent | y by

vari ous anal yst,s .argj delci Sion-makers. In_today's
desired results in one or more target databases.

Presently, the existing approaches for handling transformations for

10 data warehousing applications can be classified into three categories: using
procedural programming languagés (e.g., C, C++, and COBOL); using SQL
expressions; or a combination of these two. Any of these three approaches,
however, is primarily focused on capturing the low-level algorithmic
behavior of transformations and does not by any means facilitate the

15 definition and exchange of transformation metadata (i.e., data that describes
how data is defined, organized, or processed). Furthermore, this was usually
performed by a highly specialized software engineer who would design
custom programs tailored to specific applications. Such programmers are
relatively scarce and are in high demand. As such, even a simple task can be

20  quite expensive. More complex data transformatiqns are extremely costly to
implement and time-consuming as well, especially given that most data
transformations involve voluminous amounts of data that are viewed and
interpreted differently by various analysts and decision-makers. In today’s

highly competitive marketplace, it is often crucial that the most recent



hi ghly conpetitive marketplace, it is often crucial that the nost recent WO
01/ 37135 PCTIUSOCO 30781 4 information be nmade avail able to key individuals
so that they can render infornmed decisions as pronptly as_possible.
Mor eover , WOUI3fBFe vendors in the data warehousi ng domain B‘ET’QHO%”O@% er
~specialized tools for defining and storing transformation information in
their products. Such tools are still ¢eared towards al gorithmc behavior of
transformati ons and usually provide graphical user interfaces to facilitate
the wuse of procedural |anguages and/or SQ. for that purpose. Bur nore ‘
significantly, the format in which such transformation information is 10
represented and saved is systemspecific and | ow1|evel such that exchangi ng
this information with other simlar software beconmes extremely difficult
and error-prone.. Hence, data transfornmation software m ght work properly

for one dat abapgormtitionHeGhiddsrdiRBRBAl A& WLl é&%hﬁ{egdémpﬁc?& whi ch
I | protoco

contains critical data. Presently, the ohly high-I|eve used for 15

descri bi ng and ekshedgleyidnsas prompalyi asrpdssibdy. mat i on bet ween di f f erent
data war ehousing software is limted to the definition of field-Ievel

transformations with SQL statenents that include |ogical, arithnetic, and
tyong need in fhe data

cLiLps operations, Sl e xAle Al Ml L e daa
oL A S AR 6 AR RO R T e.
The present their products. Such tools are still geared towards algorithmic behavior of
transformations and usually provide graphical user interfaces to facilitate the
use of procedural languages and/or SQL for that purpose. Bur mbre
significantly, the format in which such transformation information is
10 represented and saved is system-specific and low-level such that exchanging
this information with other similar software becomes extremely difficult and
error-prone. Hence, data transformation software might work propeﬂy for
one database, but might be incompatible with another database which
contains critical data. Presently, the only high-level protocol used for
15 describing and exchanging transformation information between different
data warehousing software is limited to the definition of field-level
transformations with SQL statements that include logical, arithmetic, and

string operations.

20 Thus, there exists a strong need in the data warehousing industry for
some formal mechanism for exchanging metadata as well as the need for a |
computer-parsable Iénguage that could concisely describe various
characteristics of complex data transformation networks. The present
invention offers a solution with the conception and creation of a

25 Transformation Definition Language (TDL).



invention offers a solution with the conception and creation of a 25
Transformation Definition Language (TDL). WO 01/37135 PCT/ US00/ 30781 5
SUMVARY The present disclosure pertains to a transformation description

| anguage VOOL$7188ed for specifying how data is to be mani p‘iﬁ"ﬂpﬁ-%/‘”f)ﬁqa dat a
5 war ehousi ng application. The TDL is conprised of one or nore sources for
storing raw data, one or nore transfo?mation objects for processing the raw
data according to predefined instructions, and one or nore targets for
storing the processed data. A mapping is used for directing the data flow
between the |/O ports corresponding to the sources, the plurality of 10
transfornmati on objects, and the targets. The mappi ng specifies the
connecti vit y t he sources, transfornmation, and target objects as
well as thes—éwﬁ% t hese connections. There are a nunber of different
transformati ons which can be perfornmed to mani pul ate the data. Sone such
transformati ons include: an aggregator transfornmation, an expression 15
transformation, arliéd pteeent dizopbarapértains taaltenisiprrhatams Hesargptian, a query
transformation, a sequence transformation, a stored procedure

t r ansf or mat i languagel(EDL psteat for specifiagy hovadstaoisrabeonanipplaedin pakta

PCTI USOCQ' 30781 6 BRI EF DESCRI PTI ON OF THE DRAW NGS The operation of this
i nventi 0% cawatshomsitg applicatione TheyI Phfiscemprised of one or more sources for

storing raw data, one or more transformation objects for processing the raw
data according to predefined instructions, and one or more targets for
storing the processed data. A mapping is used for directing the data flow
between the I/O ports corresponding to the sources, the plurality of

10  transformation objects, and the targets. The mapping specifies the
connectivity between the sources, transformation, and target objects as well
as the order of these connections. There are a number of different
transformations which can be performed to manipulate the data. Some such
transformations include: an aggregator transformation, an expression

15  transformation, a filter transformation, a lookup transformation, a query
transformation, a sequence transformation, a stored procedure

transformation, and an update strategy transformation.



the follow ng drawi ngs described below. 5 Figure 1 is a block diagramof a
client/server system upon which the present invention nmay be practiced.
Figure 2 shows the data flow of the change data capture praqcess._a 10 the
extract, tW29%#dP™ and | oad process used to create data mdFEWSﬁQB 81

Fi gure 3A shows the nost basic transformation function structure. Figure
3B shows that nore than one transformafion object can be 15 coupled in
series to achieve higher |evel transformations and functionality. Figure
-3C shows that multiple transformati on objects can be coupled in parallel.
20 Figure 3D shows that mnultiple sources can be used to supply original
data to the transformation process. Figure 3E shows that nultiple targets
can be used to store nmanipulated data after the transformati on process has
conpleted. 25 WD 01/37135 PCTIUSOO' 30781 7 Figure 4 shows a nore conpl ex

t ransf or mat i on HRIEFIESERIVITHON QF THEJDRARINGSS, transformati on obj ects,
and targets. Figure 5 is a flowhart describing the steps for performng
the 5 transformati on description | anguage (TDL) process of the present

invention. Figure n exenplary graphical illystration of data flow
ina mpping with ?gglra gg?atftggrogg?l,s ’gﬁﬂg?gﬁ?{g?%gﬁ%t‘?%‘ﬁﬂéﬁ By reference to

the following drawings described below.

Figure 1 is a block diagram of a client/server system upon which the

present invention may be practiced.

Figure 2 shows the data flow of the change data capture process and

10  the extract, transform, and load process used to create data warehouses.
Figure 3A shows the most basic transformation function structure.

Figure 3B shows that more than one transformation object can be

15 coupled in series to achieve higher level transformations and functioﬁality.

Figufe 3C shows that multiple transformation objects can be coupled

in parallel.

20 Figure 3D shows that multiple sources can be used to supply original

- data to the transformation process.

Figure 3E shows that multiple targets can be used to store manipulated

data after the transformation process has completed.
25



10 Figure 7A shows a netadata nodel for the conponents of a mapping using
the UML notation. Figure 7B depicts a UML notation for the conponents of
Figure 7A. 15 Figure 8 illustrates an exenplary conputer sgsten1%%9n whi ch
the pres®®013@BEntion may be inpl emented or practiced. Fi gaPES¥3081, piock
~diagram showi ng an exenpl ary application having an enbedded data
transformation engi ne as contenpl ated’by the present 20 invention. Figure
10 is a bl ock diagram showi ng how one enbodi nent of the present invention
can be used to transfer data fromone systemto another system having a
different format. 25 WD 01/37135 PCTI USCQ' 30781 - 8 DETAI LED DESCRI PTI ON An
apparatus and nethod for transform ng data in data warehousi ng
applications is described. In the follow ng description, for purposes of 5
expl anati on, nunerous specific details are set forth in order to provide a

t hor ough under st andripared shéws Qhﬁﬁé'&bniﬁ]é’ﬁﬁbhﬁBHnéﬁoﬂ/\%xldceé%%aQJﬁYr%OUS’
however, to one skilled in the art that the present invention y be

practiced wi t houdtipletsesecespemisforenatiztradbjscts, lamdatfgets. i nst ances, wel | - known
structures and devices are shown in block diagramformin order to avoid
obscuring the 10 present invention. Furthernore, the use of the termdata

mart pereinarfter | RRLHISR AAINE! IRl Y O pertoiag hd 2t 2Pase

5 transformation description language (TDL) process of the present invention.

Figure 6 shows an exemplary graphical illustration of data flow in a

mapping with source, target, and transformation objects.

10 Figure 7A shows a metadata model for the components of a mapping
using the-UML notation.

Figure 7B depicts a UML notation for the components of Figure 7A.

15 Figure 8 illustrates an exemplary computer system upon which the

present invention may be implemented or practiced.

Figure 9 is a block diagram showing an exemplary application having
an embedded data transformation engine as contemplated by the present

20 invention.

Figure 10 is a block diagram showing how one embodiment of the
present invention can be used to transfer data from one system to another
system having a different format.

25



organi zations. Figure 1 is a block diagramof a client/server system upon
which the 15 present invention may be practiced. The system may

i ncorporate a nunber of <clients 101-103 (e.g., personal con?uter%

wor kst at i 8¥201/338¥5% abl e conputers, miniconputers, termn nal ECT3SR05078Y 500
“which various client processes are used to performdesired tasks (e.g.,
inventory, payroll, billing, finances,8etc.). The data relating to these
various tasks can be entered, updated, and retrieved by 20 any one of the
clients 101-103 through one or nore servers 107. Server 107 is conprised
of a conmputer running a shared database managenent system (DBMS). A DBMS
is a piece of software that nanages access to a database. Basically, a
database is a collection of related files containing data. The data is
stored in one or nore operational databases (DB) 104- 106 (e.g., any of the
25 conventional rel aDEILEDEDBSERIPTIORRgEMENt Systens from Oracl e,

I nform x, WO 01/37135 PCTI US00/ 30781 9 Sybase, Mcrosoft, etc.) residing
wi thin one or nore high capacity mass storage devices (e.g., hard disk
drives, optical drives, tape driyes, etc.) A DBMS "nounts" a particular
dat abase in order to pazatys gnd meghod for srapsforming duaindatdvarehhitsing he

fil i at .ab o by, .dat 1 d5int f f
ables in o ol PP araoran SRRUBREOR ol Rt nefsbeihcleieutoorion. are

accessibl ¢ (9 a8¥plahatdtf nGhibkssphRiicifhikiafe SERNRK in'Ofter B bGHGDY Servers

running different instances of a DBMS, can sinultaneously atcess the sane
dat abase. It wothatobgh apdemtindirgiofithe phesent invértio. di aall Be skiddusj N the art

that the present invention may be practiced in any nunber of different
har dwar e however, to one skilled in the art that the present invention may be practiced
without these specific details. In other instances, well-known structures and
devices are shown in block diagram form in order to avoid obscuring the
10  present invention. Furthérmore, the use of the term data mart hereinafter

includes data warehousing and other related database structures and

organizations.

Figure 1 is a block diagram of a client/server system upon which the
15 present invention may be practiced. The system may incorporate a number of
clients_101-103 (e.g., personal computers, workstations, portable computers,
minicomputers, terminals, etc.), upon which various client processes are used
to perform desired tasks (e.g., inventory, payroll, billing, finances, etc.). The
data relating to these various tasks can be entered, updated, and retrieved by
20  any one of the clients 101-103 through one or more servers 107. S.eh/:er 107 is
comprised of a computer running a shared database management system
(DBMS). ADBMS is é piece of software that manages access to a database.
Basically, a database is a collection of related files containing data. The data is
stored in one or more operational databases (DB) 104- 106 (e.g., any of the

25 conventional relational database managément systems from Oracle, Informix,



10 configurations. Aclient 101 is used to create a repository 103, which
is used to keep track of session information as well as mapping

information relating to how data is to be mapped and transfor m
sources ofVQRE3dPerational 15 databases 102 to target tabl J&Téll’ns‘%’ggﬁg?rmrts

.or data warehouses 106. The target databases of data marts 106 are
synchroni zed with changes nmade to the 9operati onal databases 102. Figure 2
shows t-he data flow of the change data capture process 201 20 and the
extract, transform and |oad process 202 used to create data warehouses
203-205. Raw data are stored in source tables residing wwthin one or nore
source operational databases 104-106. Anytinme a new entry is entered or an
old entry .is updated, the changes are captured and staged by the change
data capture progess 201. The extraction, transformation, and 25 | oading
process 202 t hen KaeesMigresolly picapesiding withinsongroranorehigharapanity 8s87135

PCTI USOQO' 30781 0 _propagat es the changes to the appropriate target tables
of data vvarehous%tgraogf v gﬁ%fe'&( }?aéﬂdﬁ'?q‘t‘g’f“flesz%“‘f dgivess teRe rt‘\ﬁ"fseaf?'ge“‘

requi site sessi oppAfsHERRL i d i . th t.r act.i .
transf or mati on, gnd | oadi ngn%? %ﬂggé§£ %Pg&rlg%gg?{)%)rafc%ég%a{ ss‘%c)f lr&é’%‘?ﬁf’?\%

i nformation regacditfigedathifl te¥iledsbelated v5itH&Mt@a%a@é.omérgﬁy,ﬁgférﬁgregab l'es
of the operational databases 201-202. In the currently preferred enbodi nent

of the presen? imibatfommof tables ima sélatiorat idotabdesesidpng nthealagibags 107003

process is created for conpletel descri bing the data definitions,

mani pul ati ons, aff aseeseibleto gy o{){he clients 101-103 via server 107. Different servers
running different instances of a DBMS, can simultaneously access the same
database. It would be appreciated by those with ordinary skill in the art that
the present invention may be practiced in any number of different hardware

10  configurations.

A client 101 is used to create a repository 103, which is used to keep
track of session information as well as mapping information relating to how
data is to be mapped and transformed from sources of the operational

15 databases 102 to target tables of data marts or data warehouses 106. The
target databases of data marts 106 are synchronized with changes made to the

operational databases 102.

Figure 2 shows the data flow of the change data capture process 201
20 and the extract, transform, and load process 202 used to create data
warehouses 203-205. Raw data are stored in source tables residing within one
or more source operational databases 104-106. Anytime a new entry is
entered or an old entry is updated, the changes are captured and staged by
the change data capture process 201. The extraction, transformation, and

25  loading process 202 then makes the appropriate transformations and



10 transformations in the data warehousi ng domain. The syntax and semantics
of TDL are simlar to the Data Definition Language (DDL) and Structured
Query Language (SQ.) in order to provide sonme degree of famliarity and
sinplicitywodét3uders. Yet, TDL is general and extensibl e erRtFBSWZOHef i ne
comonly used transformations and their conbinations. Basically, TDL 15
consists of five primary constructs: swmurce, target, transformation, port,
and nmapping. The various functions and rel ati onshi ps between these five
constructs are shown in Figures 3A-E. Figure 3A shows the nost basic
transformation function structure of a 20 single source 301 coupled to one
transformati on object 302 which is coupled to a single target 303. The
source 301 contains original, untransforned data. The entire data set or a
specific partial data set is output on port 311. The source output ports

311 are nmapped i of transformation. ,object, 302.

Tr ansf or mat i on kg?é%téfgggt&%%%g f%’?% %Bgfoff ’%fﬁ% aﬁﬁ?‘fir%lf}ﬁ?g atawarghousies o o np
predefi ned rul esgaprohelavhss shet; t - .10 WO
1757155 PCTI USG0 30761 s Porvatt pen v 1o BRanst abrRRa S Bibg 2. o

then mapped to irfermaten ugaklysthe 8tttaaing fragsforrifon, haddeidiRQ prodeas 2;t he

transforned data. Basical lq%qg{ hen, a mapping represents a network of

sour ces, t ar get EPSHaRs3raAl joptrinsinfprmationiregardingiwhat dath shoeldste ps (e. g. ,
i nputs, outputs nd jnterconnectjons). The 5 napping.in Figures 3A-E is
depi cted by het%tpﬁ%%&o’l‘—‘o egg(tgﬁ%}ag?estoﬁ@eaqgeﬁpo%g@ﬁ %bﬁéesfzrogi%oﬁort 311 to
port 312 indicates that data flows fromsource 301 to transformation

obj ect 302. Ports provide the neans for transferring data

In the currently preferred embodiment of the present invention, a
transformation description language (TDL) process is created for completely
describing the data definitions, manipulations, and other types of |

10  transformations in the data warehousing domain. The syntax and semantics
of TDL are similar to the Data Definition Language (DDL) and Structured
Query Language (SQL) in order to provide some dégree of famiiiari’ty and
simplicity for users. Yet, TDL is general and extensible enough to define' |
commonly used transformations and their combinations. Basically, TDL

15 consists of five primary constructs: source, target, transformation, port, and
mapping. The various functions and relationships between these five

constructs are shown in Figures 3A-E.

Figure 3A shows the most basic transformation function structure of a
20  single source 301 coupled to one transformation object 302 which is coupled
to a single target 303. The source 301 contains original, untransformed data.
The entire data set or a specific partial data set is output on port 311. The
source output ports 311 are mapped to the input ports 312 of transformation
object 302. Transformation object 302 takes this data and manipu]ates,it to

25 some predefined rules or behavior and then outputs the transformed data to-



bet ween sources, targets, and transformation objects. The flow of data in a
mappi ng starts froma source and ends in a target, with one or nore 10

i ntermedi ary transformati on objects to mani pul ate the data_t hroughout this
path. Fi gl¥@04E13¥hows that nore than one transformation obfggﬂﬁﬂgﬂwﬁb
.coupled in series to achieve higher |evel transformations and
functionality. A 15 user specifies tHd second transformation object 304
and its specific behavior. The second transformation object 304 may be
inserted-into a pre-existing or new transformation data flow by mappi ng
Its input ports 315 to the output ports 313 of a previous transformation
obj ect 302 and mapping its output ports 316 to the input ports 314 of
target 303. Any nunber of transformation 20 objects can thusly be chai ned
together in a serial fashion. Figure 3C shows that multiple transformation

objects can be goéRkSH porR 338! Fhe Blip REEAY o} ﬁ%ﬁfrgépe%ge%itgﬁéggpgggpﬁgﬁi can

be coupled in parallel 'to a pre-existi‘fng transformti 0

i s acconpl i shed3byof tagget363. Phrgsr303i stoied the H@ns?@ﬁﬁ&ﬂdét%?‘@ﬁgi&ﬁli@&\leﬁrh obj ect
304 and its behavior. The second WO 01/ 37135 PCT/ US00/ 30781 2 ’

transfornati on oWpping BPiesants dretivoske of schircey, targetp) teareforaidtivns ahd New
transformation data.flow b)f na%?‘lng its input ports 315 to the output ports
311 of source 3BRS MPnshipsdgigpunPpsr eutpsissand inthrsonngationplo e 314

O L BET 89, it SHESELS IR OB ESL s LGl el ned
be used to s Uppb&mﬂh'g%di‘@bort 311 to port 312 indicates that data flows from source 301 to
transformation object 302. Ports provide the means for transferring data
between sources, targets, and transformation objects. The flow of data in a
mapping starts from a source and ends in a target, with one or more
10 intermediary transformation objects to manipulate the data throughout this

path.

Figure 3B shows that more than one transformation object can be
coupled in series to achieve higher level transformations and functionality. A
15 user specifies the second transformation object 304 and its specific behavior.
The second transformation object 304 may be inserted into a pre-existing or |
new transformation data flow by mapping its input ports 315 to the output
ports 313 of a previous transformation object 302 and mapping its output
ports 316 to the input ports 314 of target 303. Any number of transformation

20 objects can thusly be chained together in a serial fashion.

Figure 3C shows that multiple transfoﬁnaﬁon objects can be coupled
in parallel. A second transformation object 304 can be coupled in parallel to a
pre-existing transformation object 302. This is accomplished by the user

25  specifying the second transformation object 304 and its behavior. The second



data to the transformati on process. For exanple, a second source 305, as
specified by a user, can be incorporated by mapping its output port 317 to
the 10 input port 312 of a transformation object 302. Figure 3E shows that
nul ti pl e W@Y&FB5can be used to store manipul ated data af PEF/USPES078]
transformati on process has conpleted. For exanple, a second target 306, as
"specified by a user, can be incorporatl@d by mapping its input 15 ports 318
to the output ports 313 of a transformation object 302. Figure 4 shows a
nore conpl ex transformati on process having nultiple sources,
transformation objects, and targets. It can be seen that there can be

mul tiple sources 401-402, however, there nust be at |east one source. 20
The sane source can supply data to different transformati on objects. For
exanpl e, source 402 supplies data to transformation objects 403 and 404.

The sane set Otrads@irfh6@BbjesEI04hayii RsErd Rk 539&&@&%& hig

transformati on objects 403 and 404.” Conversely, transtornmati on obj ect
may accept i nputransfermafiondetadfiev bj amppireg Boimpee pots §15 td the rsitpitPrison
obj ect 403 receives input 25 fromsources 401 and 402). Simlarly, a
transformation & used, 308 AndunapRisg WOoDIE PLBS 3PETY tHIBATP BOF@& s 314Df
transf orned dat %rt 0, q%)gbigguent mul ti plfe transformation obj ects. For
exanpl e, transf GFEEIgn Y, RERPeFPS tiansiermation ebjeets fan Krusbtbeighained
transformatign Q%kgﬁ&§n§$énﬂﬂgﬁ§9%h‘Conversely, a single transformation
0

obj ect can recel Ve transforned data from several different upstream5
transfornmati on objects (e.g., transfornmati on object 406 receives as inputs,
transforned data fromtransfornmati on objects 403 and 404). A transformation

Figure 3D shows that multiple sources can be used to supply original
data to the transformation process. For example, a second source 305, as
specified by a user, can be incorporated by mapping its output port 317 to the

10 input port 312 of a transformation object 302. |

Figure 3E shows that multiple térgets can be used to store manipulated
data after the transformation process has completed. For example, a second
target 306, as specified by a user, can be incorporated by mapping its input

15 ports 318 to the output ports 313 of a transformation object 302.

Figure 4 shows a more complex transformation process having
multiple sources, transformation objects, and'targets. ‘It can be seen that there
can be multiple sources 401-402, however, there must be at least one source.

20  The same source can supply data to different transformation objects. For |
example, source 402 supplies data to transformation objects 403 and 404. The
same set or a different set of data may be supplied to the transformation
objects 403 and 404. Conversely, a transformation object may accept input
data from more than one source (e.g., transformation object 403 receives input

25 from sources 401 and 402). Similarly, a transformation object may output its



object may output its transforned data to several different targets. For
exanpl e, transformati on object 405 can output its transformed data to both
target 407 as well as target 408. In short, the present invention offers
great 10 WY& 135ty such that virtually any combination of CEZH§PU781
transformation, and targets can be linked together in order to achieve the
desired overall transformation proces8 provided, however, that there is
at | east one source, one transformation, and one target. 15 The TDL

| anguage offers a set of transformation "tenplates” that represent the
nost commonly used transformati ons for data warehousing applications.
However, TDL can be easily extended to accomobdate other transfornmations.
Each transformation tenplate in turn has a declaration part (e.g., what
data to use) and a behavior part (e.g., how data is used). The 20 ports, as

vel I as any: at tirindfGandd i 10AHs0falnt ARl Rl Nt onOlpidhys. Fp@nsf or mat i on

are defined in its declaration par e al gori s f(pressi ons
f or mani pul at i ngexampleatansrmaspe obfeteth3icutptis ikehasiRmeRdata toThe
description of a mapping consists of sources, targets, and instances of

transformation t% %ff‘@giopl?&iecﬁﬁé angd@pf Conuerselyi asieglepomsormndont t ri but e
ormations, are defined in a

25 ' val ues. The er inwhich the trans .
mappi ng, in WO d)fﬁ%g fikcie = ol béﬁfﬁt"?ﬁ fatal'jﬁorf‘lﬁeﬁ?raﬁii’é{ea@‘éslpﬁﬁ@m | ow of data
bet ween the $ artdiitorSRoaebi gdothe ' roefs. Furthernore, TDL is
desi gned such that a conputer- %gs &4 pgrg@glbgg%toglggt %%vrg‘febvpeéas WY f ecti vel y
verify the vali dransfarned datpfromgir&dorim ionCsbjedtd 4088Hd0S OMNANSHALAGEEA C as
wel | as sonme well-defined semantics

object may output its transformed data to several different targets. For

example, transformation object 405 can output its transformed data to both

target 407 as well as target 408. In short, the present invention offers great

10  versatility such that virtually any combination of source, transformation, and
targets can be linked together in order to achieve the desired overall
transformation process, provided, however, that there is at least one source,

one transformation, and one target.

15 The TDL language offers a set of transformation “templates” that
represent the most commonly used transformations for data warehousing
applications. However, TDL can be easily extended to accommodate other
transformations. Each transformation template in turn has a declaration part
(e.g., what data to use) and a behavior part (e.g., how data is used). The

20  ports, as well as any attributes (with optional default values), of a
transformation are defined in its declaration part while the algorithms and
expressions for manipulating the data are specified in its behavior part. The
description of a mapping consists of sources, targets, and instances of |
transformation templates that have specific associated ports and attribute _

25 * values. The order in which the transformations are defined in a mapping, in



5 pertaining to data warehousing transformation rules. Figure 5 is a
flowchart describing the steps for performng the transfornmation
description | anguage (TDL) process of the present invention. Initially, a
source t aWP1BAEMENg a fiel d containing raw data required i FCHPEW3Y 10
calculate the final desired output is specified, step 501. A determ nation
is made in step 502 as to whet her anyd4additional source tables are
required in order to access the requisite raw data. |f additional source
tables are required, step 501 is repeated to specify those tables. After
all the source tables have been specified, a determnation as to the
nunber and types of 15 transformations to be perforned is then nade in step
503. The transformation behavior of each of the transformations is then
specified, step 504. The transfornmati on behavi or descri bes how the data

b : . ¢ . bi ) b i oul q
otherui o6 mod: 1 (uk B8 ot e belbtesn dnf Shfiina ity Bad i Stbpesos,
wher eupon the f 't{a}ﬁéts.z QURHEMrg, AHE 153%1%#%6}1%&1:;%?% ?ﬁa;gac%%ﬁ%ﬁgggége érgérnca%t €p

506, the inputs d/or outputs are e ¥ C
transformation, badevélapgiio cfRieedlp verify the Wahi&itpRF 8GhapPihy aRdstsout put ports;
a transformation object has input and  output ports; "and a target object
only has input porstiguenithiromen $yasactistae pvelGi someagbllidefinéd pantniis connect ed
to an output _port, thus |jnking the various 25 objects in a mapping to
specify the dat ReFrigins agatn vatehoysipgirapstomative ruless Fi gure 6 shows an
exenpl ary graphical illustration of data flowin a mapping with source,
target, and transformation objects. Two source objects

Figure 5 is a flowchart describing the steps for performing the
transformation description language (TDL) process of the present invention.
Initially, a source table having a field containing raw data required in order to

10 calculate the final desired output is specified, step 501. A determination is
made in step 502 as to whether any additional source tables are required in
order to access the requisite raw data. If additional source tables are
required, step 501 is repeated to specify those tables. After all the source
tables have been specified, a determination as to the number and types of

15  transformations to be performed is then made in step 503. The
transformation behavior of each of the transformations is then specified, step
504. The transformation behavior describes how the data being input to a
particular transformation object is to be manipulated or otherwise modified.
Next, one or more targets is specified in step 505, whereupon the final

20  outputs are stored in these target tables. In step 506, the inputs and/or
outputs are defined for each of the source, transformation, and target objects.
A source object only has output ports; a transformation object has input.and
output ports; and a target object only has input ports. In the last stép 507,
each input port is connected to an output port, thus linking the various

25 objects in a mapping to specify the data flow.



601 and 602; three transformation objects 603-605; and one target object
606 5 are shown. Source object 601 contains and outputs data relating to a
store identification (store), a particular nonth of interest %m)nth), a
speci fi c WOrldgU36 of interest (product), the cost of the pPoHlE0&st),
~the price that the product is sold (price), and the nunber of units of
that product were sold during that p&bticular nmonth (unitssold). The data
fromsr prodsal e source 10 object 601 is input to an ag_prodprof aggregator
transformati on object 603. The aggregator transformation object 603
calculates the profit for the product by taking the sumof the units sold
multiplied by the difference between the price and cost. It outputs the
store identification (store), the nonth (nonth), and the profit for that
product for that nonth (prodprof). This data is fed as 15 inputs to the jn
strfinance joiner transformati on object 604. Also input to the |n
strfinance transfornmation object 604 are data fromthe sr storeexp source

obj ect 602. The sr r | : [,nS oWt puts data
relating to the stgf%giéggﬁ?r%%ae%?o %@f%ﬁéﬁ%a%@%t?ﬁ(% nagp%ﬁ?lﬁﬁ&df‘ 3 nt er est
(month), regi anappingmith Sdircd, t@gehd PAHSIHRRIBHSHIdH. THEtodLILBBCts
(expense). 20 The jn_strfinance joiner transformt Ron obj ect 604 t%en
perfornms a rel@liapd£02; thiserrapérratdtiom dljedt6a3665wed ohe piiget objsdt 608 put s t he
store of interest (stoge), the month of interest ém)nth), the profit for
that product 3¢ She¥R- PR AbIeEHfi0d FoPEins anghguies dxtparleting toa stobat r egi on

. Thi; ] ' t .t f t t.r f ti
Obj por g0, |1 foeBAubE (Ol pdtrich e nfhed 3 BiBles ARGTAR  peqhe ™' O ™ O"
transf or mat i opre@h@ef ifirest @rédh@yiItRe Bodtlae tﬂee;gljogﬂ@é (c&%,q}]ré ggée‘?’f?nat the
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product is sold (price), and the number of units of that product were sold

during that particular month (unitssold). The data from sr_prodsale source
10 object 601 is input to an ag_prodprof aggregator transformation object 603.
The aggregator transformation object 603 calculates the profit for the product
by taking the sum of the units sold multiplied by the ciifference between the
price and cost. It outputs the store identification (store), the month (month),
and the profit for that product for that month (prodprof). This data is fed as
15 inputs to the jn_strfinance joiner transformation object 604. Also input to the
jn_strfinance transformation object 604 are data from the sr_storeexp source
object 602. The sr_storeexp source object 602 contains and outputs data
relating to the store identification (store), particular month of interest
(month), region of interest (region), and expenses for that region (expense).
20  The jn_strfinance joiner transformation object 604 then performs a relational
join operation to these seven inputs and outputs the store of interest (store),
the month of interest (month), the profit for that product for that region
(prodprof), and the expenses.for that region (expense). This data is input to
the ag_totprof aggregator transformation object 605. It is the function of the

25 ag_totprof aggregator transformation obj'ect 605 to calculate the regional



profit (regprof) by taking the sumof the differences between the product
profit (prodprof) mnus the expense (expense). Lastly, the nonth of
interest (nonth), the region of interest (region) and the_profits for that
regi on duMoB783Rat nonth (regprof) generated by the ag_t oPpFEF'%YgHegat or
transformation 5 object 605 is stored in the tg _profits source object 606.
The following is the TDL specificati odof the exanpl e described above and
in reference to Figure 6. 10 CREATE Source sr prodsal e (store VARCHAR(50)
QUT, nonth VARCHAR(10) OUT, product VARCHAR(50) OUT, cost MONEY OUT,
price MONEY QUT, 15 unitssold INTEGER QUT) {}; CREATE Source sr storeexp
(store VARCHAR(50) QUT, nonth VARCHAR(10) OUT, region VARCHAR (25) OUT,
20 expense MONEY OUT) CREATE Aggregator ag_profprof (store VARCHAR(50)

| NOUT, nonth VARCHAR(10) I NOUT, 25 product VARCHAR(50) IN, cost MONEY IN,
price MONEY | N,profih(regsmiftbyt tdKE@ERe kddh of the differences between the product

profit (prodprof) minus the expense (expense). Lastly, the month of interest
(month), the region of interest (region) and the profits for that region during
that month (regprof) generated by the ag_totprof a ggregator transformation

S object 605 is stored in the tg_profits source object 606.

The following is the TDL specification of the example described above

and in reference to Figure 6.

10  CREATE Source sr_prodsale (store VARCHAR(50) OUT,
month VARCHAR(10) OUT,
product VARCHAR(50) OUT,
cost MONEY OUT,
price MONEY OUT,

15 0 unitssold INTEGER OUT)

CREATE Source sr_storeexp (store VARCHAR(50) OUT,
month VARCHAR(10) OUT,
region VARCHAR (25) OUT,

20 " expense MONEY OUT)

CREATE Aggregator ag_profprof (store VARCHAR(50) INOUT,

month VARCHAR(10) INOUT,

25 product VARCHAR(50) IN,
cost MONEY IN,
price MONEY IN,
unitssold INTEGER IN)
prodprof MONEY OUT,

30 { Cachedir “S:\dw\system” ATTR)

prodprof = SUM(unitssold*(price-cost));
GROUP (store, month); ‘
7

CREATE Join jn_strfinance (store VARCHAR(50) INOUT,



rodprof MONEY QUT, 30 Cachedir "S:\dwsystent ATTR) { prodprof =

EUI\/( 5ni tssol d*(price-cost)); GROUP (store, nonth); 35 CREATE Join
jn_strfinance 3Sjstore VARCHAR(50) | NOUT, WO 01/37135 PCT/ USQQ/ 307%1 7,3]'17
nmont h VARMEY3IE3S | NOUT, prodprof MONEY | NOUT, storel VAREIARIYH 3 N,
mont hl VARCHAR(10) IN, 5 region VARCHAR (25) I NOQUT, expense MONEY | NOUT)
storel = store; nonthl = nonth; 10 };7 CREATE Aggregat or ag_st or epr of
(store VARCHAR(50) IN, nmonth VARCHAR(10) I NOUT, prodprof MONEY IN, 15
regi on VARCHAR (25) |INOUT, expense MONEY IN,

- month VARCHAR(10) INOUT,
prodprof MONEY INOUT,
storel VARCHAR(50) IN,

‘ monthl VARCHAR(10) IN,
5 region VARCHAR (25) INOUT,
expense MONEY INOUT)
{

storel = store;
monthl = month;
10 )

CREATE Aggregator ag_storeprof (store VARCHAR(50) IN,
month VARCHAR(10) INOUT,
prodprof MONEY IN,

15 region VARCHAR (25) INOUT,
expense MONEY IN,
regprof MONEY OUT)
{
- regprof = SUM(prodprof-expense);
20 GROUP (region, month); ,
I

CREATE Mapping mp_regionalprofit ()
{
25  sr_prodsale.exec ();
sr_storeexp.exec ();
ag_prodprof.exec (s_prodsale.store, sr_prodsale.month,
st_prodsale.product, sr_prodsale.cost, sr_prodsale.price,
sr_prodsale.unitssold);

30  jn_strfinance.exec (ag_prodprof.store, ag_prodprof.month,
ag_prodprof.prodprof, ar_storeexp.store, sr_storeexp.month,
sr_storeexp.region, sr_storeexp.expense);

ag_totprof.exec (jn_strfinance.store, jn_strfinance.month,
jn_strfinance.prodprof, jn_strfinance.region,

35 jn_strfinance.expense);

tg_profits.exec (ag_totprof.month, ag_totprof.region,
ag_totprof.regprof);

|



regprof MONEY QUT) { regprof = SUMprodprof-expense); 20 GROUP (region,
nont h) ; CREATE Mapping np_regional profit O { 25 sr prodsal e.exec 0; sr
st or eexp. exec 0; ag_prodprof.exec (sr prodsale.store, sr p;g%%gaﬁm%anth
prodsal e. WPdEE3 sr prodsal e. cost, sr prodsal e. price,

srprodsal e.unitssold); 30 jn_ strflnance exec (ag_prodprof.store,
ag_prodprof.nmonth, ag_prodprof. prodpr§f ar storeexp. store Sr
stareexp.nnnth, sr storeexp.region, sr storeexp.expense); agtotprof.exec
(jn strfinance.store, jn_strfinance.month, jn_strfinance.prodprof,
jn_strfinance.region, 35 jn_strfinance. expense); tg_proflts.egec
(ag_totprof.nonth, ag totprof.region, ag totprof.regprof); }; WO 01/37135
PCT/ US00/ 30781 18 Figure 7A shows a nodel for the conponents of a mappi ng.
The follow ng sections provide a detail ed description as mell.as a

speci fication Figure 7A shows a model for the components of a mapping. The

Sr

following sections provide a detailed description as well as a specification
and an example of using that specification for the fundamental concepts used
in TDL. Specification of each object type has two parts: the first part has thé
5  declaration for the ports and attributes of the object, and the second part has

the definition of the behavior of the object. Source and target objects do not
have any behavior. The standard BNF syntax is used for spec1f1cat10n of TDL,
however for better readability, language keywords are in bold-face with their
first letter capitalized while all pre-defined types and constants are in all

10 capital letters. A variable naming convention, by means of a set of standard
prefixes, is also used for quickly identifying the object type associated with a
specific variable. For example, the source objects could have sr_ as a prefix

while the aggregator objects could use the ag_ prefix.

15 Figure 7B depicts a UML notation for the components of Figure 7A.
Basically, a box (e.g., Class Name 750) indicates the abstraction for a concept,
such as source, target, etc. A line with a diamond at one end (e.g., the line
connecting boxes 751 and 752) indicates an aggregation relationship. A line
with an arrow at one end (e.g., the line connecting boxes 753 and 754)

20  indicates a specialization and/or generalization. A simple line (e.g., the line
connecting boxes 755 and 756) indicates a general association. Each of the

components relating to TDL is now described in detail below.



and an exanple of using that specification for the fundanmental concepts
used in TDL. Specification of each object type has two parts: the first
part has the 5 declaration for the ports and attributes of_the ob; ect, and
the secon¥OMB713fas the definition of the behavior of thePoHEWY"&ource
and target objects do not have any behavior. The standard BNF syntax is
used for specification of TDL, howevé? for better readability, |anguage
keywords are in bold-face with their first letter capitalized while all
pre-defined types and constants are in all 10 capital letters. A variable
nam ng convention, by means of a set of standard prefixes, is also used
for quickly identifying the object type associated with a specific

vari abl e. For exanple, the source objects could have sr as a prefix while
t he aggregator objects could use the ag _prefix. 15 Figure 7B depicts a UWL
notation for thgogonponents of Figure 7A. Basically, a box (e.g., Cass
Nanme 750) indicates the abstraction for a concept, such as source, target,
etc. Aline with a dApwerd aahl j ting boxes 751
and 752) indicates an aggr egatolggﬁs %;Iggé]igg%s%fi%ogsg%nlraﬁ%m%\?#tgﬁﬁ%ﬂn Pow at
one end (e.g., ireans d)ﬁraramatmizbdm@tdfmseﬂ&%naﬁéioﬁs"?ébje@@.iﬁB%ﬁf’ﬁiﬁ% A

speci ali zation and/or generalization. A sinple line (e.g., the'line
connecti ng boxeEorTW%gﬂveiswmien@l@tééfk%ifémmenéﬁtsds@oﬁcb\aﬁjrplm.ef_&cbqu t he

conponents regl atj. { i s now described. in detail below. W 01/37135
PCTI USOQ! 307%1 5"1‘89015@'r ?P?LAPBBWE‘Y §g8fﬁ‘élv‘6-§6%%m%afad seleMplues fog furhere and
i ! i d f t. '
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of a source, target, or transformation object; thus it would be meaningless to

have a stand-alone definition of a port. With reference back to Figure 7A, the
Transformation Field 712 corresponds to a port for a transformation object. It
10 may be an input, or output, or an input/ output. A ColumnExpression 716
spegiﬁes the expression (often defined in SQL) that is used for manipulating
the data in the Transformation Field 712. The Dependency 713 captures the
dependencies between the source, target, and transformation ports (e.g., the
arrows). A TargetField 714 corresponds to the input port of a target table. A

15 SourceField 715 corresponds to the output port of a source.

Specification

<port_def> ::= <port_name> <data_type_def> <port_type>
<port_name> ::= <string>

20 <port_type> = {IN | OUT | INOUT}
<data_type_def> ::= <data_type> [(<precision>[,<scale>])]
<precision> ::= <integer>

<scale> ::= <integer>



port must have a name, data type it holds, and its data flow type (i.e.

in, out, 5 or in/out). The port may al so have precision and scal e val ues
for further specifying its data types. A port nust always be defined
within th3Q&¥37W5 i on of a source, target, or transformat ®6HGBYLEEL t hus
it would be neaningless to have a stand-alone definition of a port. Wth
reference back to Figure 7A, the Trafornmation Field 712 corresponds to a
port for a transformation object. It 10 may be an input, or output, or an

i nput/output. A Col umExpression 716 specifies the expression (often
defined in SQ) that is used for manipulating the data in the
Transformation Field 712. The Dependency 713 captures the dependencies

bet ween the source, target, and transformation ports . (e.g., the arrows). A
TargetField 714 corresponds to the input port of a target table. A 15
SourceField 715 garresponds to the output port of a source. Specification
<port def> ::= <porf ri ame> <data_type def> <port type> <port nane> ::=

<string> 20 <por = QUT | I NOUT} <data_type_def> ::_
<dat a_type> [(<d$g%¥§?§ﬁg }2&%@?@&1)] <preci sion>.::= <integer> <scal e>

»:= <integer> WD 01/ 37135 PCTI USOQ 30781 20 Exanple Pl ease see exanpl es
bel ow. Source Source

The source object 701 provides purely output information at the
S beginning of a data-flow pipeline of a mapping, and thus it only has port
definitions of type OUT.

Specification
CREATE Source <source_f1ame> (
<ports>
10 <ports> = <port_def>, ...
)

Example

CREATE Source sr_lineltem(
id INTEGER OUT,
15 " name VARCHAR(20) OUT,
price MONEY OUT,
discount MONEY OUT)

Target

Target objects 702 are the final receivers of information at the end of a
20  data-flow pipeline for a mapping. All ports of a target object must be of type
IN.



The source object 701 provides purely output information at the 5 beginning
of a data-flow pipeline of a mapping, and thus it only has port

definitions of type OUT. Specification CREATE Source <source name>
<port s> 1®“kﬁ%9?é£ .= <port def>, ... Exanple CREATE SoufEdUSPU$Y7RE| t en(

id INTEGER QUT, 15 name VARCHAR(20) OUT, price MONEY QUT, discount MONEY
QUT) Ta Target objects 702 are the fiddl receivers of information at t he
end of a 20 data-flow pipeline for a mapping. Al ports of a target object
must be of type IN WD 01/37135 PCTIUSOQ 30781 21 Specification CREATE

Target <target_nane> <ports> <ports> ::= <port def> ... 5)

Specification

CREATE Target <target_name> (
<ports>
<ports> ::= <port_def>, ...

S )

Example

CREATE Target tg_storeSum(
store_id INTEGER IN,
store_name VARCHAR(20) IN,

10 num_orders INTEGER IN,
avg_sales MONEY IN,
total_sales MONEY IN)

Transformation Objects

15 As explained above, a number of Transformations 718 are used to
transform'incoming data according to some predefined behavior or rule.
There are a number of different types of transformations possible (e.g.,
Aggregator 703, Filter 705, Lookup 706, Query 707, etc.). Othér different
types of transformations can be added. Existing transformation types can be

20 modified or even deleted. Furthermore, a transformation object can be
programmed to perform specific functions, depending on its corresponding
application. For example, the Aggregator transformation object 703 can be

used to perform a summation between two variables in one application.



Exanpl e CREATE Target tg storeSun{ store id INTEGER IN, store nane
VARCHAR(20) IN, 10 numorders INTEGER IN, avg _sales MONEY IN,
total -sales MONEY IN) Transformation Objects 15 As expl ai ned above,7 2
nunber of WYMA32136r mati ons 718 are used to transform i nconPhlUa%y3e7s
~according to sone predefined behavior or rule. There are a nunber of
different types of transformations pog3ible (e.g., Aggregator 703, Filter
705, Lookup 706, Query 707, etc.). Oher different types of
transformati ons can be added. Existing transformation types can be 20
nodi fied or even deleted. Furthernore, a transformation object can be
programmed to perform specific functions, depending on its correspondi ng
application. For exanple, the Aggregator transfornmation object 703 can be
used to performa summation between two variables in one application. WD

01/ 37135 PCT/ US 781 .22 Howewver.. a different application_can apply the
Aggr egat or t rang_?é)v?&mi3 ’iaoc%]l?felglf_)‘?%pé%ﬁlcﬂign ok ﬁ@%gﬂﬁﬁ§%gﬁ?ﬁ%‘t??ﬂ§%¥“?t&8} .
variabl es. EAch objeaahes pBitbmfla sdndiiorCTBlL Fithbils, FARTLEAREE (D Whi ch
defines the characteristics of a transfornmation specified inits _
decl arati on par 718 Frompeised df &reAaasatest 9hyhich diefiiey thekBabebrBEPHESSi on 704
or Property 717. The expressions associ at ed
, transformation specified in its declaration part. This could be covered by
5 either the TableExpression 704 or Property 717. The expressions associated
with TableExpression 704 are those expression (often in SQL) that may be
used at the table level and not at the port level. Property 717 contains the

various characteristics of a transformation, such as a cache directory, etc.

Aggregator Transformation
| 10 An aggregator transformation object 703 allows one to perform

aggregation functions over one or many of its output or input/output ports.
In addition to the pért definitions of an aggregator, it also has a Cachedir
attribute for its cache directory location. A default value for this attribute
may be optionally specified in the declaration part or later when the

15 aggregator is instantiated. The behavior of the aggregation object is specified
in the body of its specification, and one can also optionally specify a set of
ports in the Group statement for any group-by behavior. However, the SQL

rules for using port names in a group-by statement must be observed.

Specification
20 CREATE Aggregator <aggregator_name> (
<pdrts>,
<ports> ::= <port_def>, ...

Cachedir [<string>] ATTR)



wi th Tabl eExpression 704 are those expression (often in SQ) that may be
used at the table level and not at the port level. Property 717 contains
the wvarious characteristics of a transformation, such as a cache

di r ect or y WQI&7135aggr egat or Transformati on 10 An aggr egat of TRAYBPhat i on
object 703 allows one to perform aggregation functions over one or many of
its output or input/output ports. InZ&ddition to the port definitions of
an aggregator, it also has a Cachedir attribute for its cache directory

| ocation. A default value for this attribute nay be optionally specified
in the declaration part or |ater when the 15 aggregator is instantiated.
The behavior of the aggregation object is specified in the body of its
specification, and one can also optionally specify a set of ports in the
G oup statenment for any group-by behavior. However, the SQ rules for
using port nameg;in a group-by statenent nust be observed. Specification

20 CREATE Aggregator <aggregator name> <ports>, <ports> :: <port_def>,
Cachedir [ <aigitepatibn AehRyiodD;01/ 37135 PCTI USOQ 30781 23 \{
<aggregation_behavior> ; ... <aggregation_behavior> <port nane> =

<aggr egat e_exp> <aggppatigattehaxivr> {:<pgidrt mares <4 <5<bagggﬁg_agx?&f unc>
(aggregator exp)} :
<aggregate_exp> = {<port_name> | <aggregate_func> (aggregator_exp)}
5 [Group (<port_names>)]

<port_names> ::= <port_name>, ...

\};

Example

CREATE Aggregator ag_salesStats (
10 store_id INTEGER INOUT,
quantity INTEGER INOUT,
price MONEY IN,
discount MONEY IN,
avg_sales MONEY OUT,
15 total_sales MONEY OUT,
Cachedir STRING ATTR)
{
avg_sales = AVG(quantity*price-discount);
total_sales = SUM(quantity*price-discount);
20 GROUP(store_id); |
7



5 [Goup (<port_names>)] <port names> ::= <port nane>, ... \}; Exanple
CREATE Aggregator ag salesStats 10 store id INTEGER | NOUT, quantity

| NTEGER | NOUT, rice MONEY I N, discount MONEY IN, avg sales QUT,
15 tot al - ¥ USTMINEY OUT, Cachedir STRING ATTR) { avg_sal £§T@'¥WE’¥8‘

AVE quantity*price-discount); total-sales = SUMquantity*price-discount);
20 GROUP(store_ id): }; WD 01/37135 PCPBAUS00/ 30781 24 Expression
Transformati on The Expression transformation allows the user to associate
an expression statement with any of its output or input/output ports. The
expression in turn may contain functions that are applied to input or 5

i nput/ out put ports.

Expression Transformation

The Expression transformation allows the user to associate an
expression statement with any of its output or input/ output ports. The
expression in turn may contain functions that are applied to input or

5 input/output ports.

Specification
CREATE Expression <expression_name> (
<ports>
<ports> = <port_def>, ...
10 )
\{
<expression_binding> ;...
<expression_binding> ::= <port_name> = <expression_exp>
<expression_exp> ::= {<port_name> | <general_func> (<expression_exp>) |
15  <constant>}

\}

Example

CREATE Expression xp_salesRating(
quanﬁtf INTEGER IN,
20 | price MONEY IN,
discount MONEY IN,
store_rating VARCHAR(10) OUT)



Speci ficati on CREATE Expressi on <expression_name> <ports> <ports> ::=
<port def> ... 10 ) \{ <expression_binding>; ... <expression_binding>
;. <port nanme> = <expression exp> <expression_exp> ::_ {<port nane> |
<gener al WOMEB718%expr essi-on_exp>) 1 15 <constant>} \} ~Ex 200/ TE
. Expression xp_sal esRating( quantity INTEGER IN, 20 price MONEY IN,

di scount MONEY IN, store rating VARCHAR(10) QUT) { WD 01/37135
PCT/ US00/ 30781 25 store-rating = Il F(SUM quantity*price-di scount)>=
100000, ' EXCELLENT', Il1F(SUM quantity*price-discount)< 5000, "' POOR ;
FAIR)); Filter Transformation 5 The filter transformation object 705

applies an expression to all of its

store_rating = IIF(SUM(quantity*price-discount)>= 100000,
'‘EXCELLENT’, IIF(SUM(quantity*price-discount)< 5000, "POOR’,’FAIR"));
L

Filter Transformation

5 The filter transformation object 705 applies an expression to all of its
ports and outputs all of the ports if the result of the evaluation is TRUE (a
non-zero value), otherwise nothing is output. The expression may bea

combination of constants and functions applied to the ports.

Specification
10 CREATE Filter <filter_name> (
<ports>
<ports> = <port_def>, ...
)
M
15 Filterexptl (<ﬁltér__exp>);
<filter_exi>> = {<port_name> | <general_func> (<filter_exp>) |
<constant>} |

\

Example
20 CREATE Filter fl_storeFilter(
store_id INTEGER INOUT,
store_name VARCHAR(20) INOUT,
étore_yr_opened INTEGER INOUT,



ports and outputs all of the ports if the result of the evaluation is TRUE

(a non-zero value), otherwise nothing is f)yt SUE ;I'Ee exp[essgon .rr?%/cg;ai gn

conbi nati on of constants and functions applie o] e ports, eci

10 CREATEWMOQ1{32135<f i | ter name> <ports> <ports> ::= <port H%T@,gﬂqf3f°781 \{ 15

~Filterexpr (<filter exp>); <filter exp> ::= {<port name> | <general _func>
(<filter exp>) | <constant>) \} Exaédple 20 CREATE Filter fl _storeFilter(

store-id I NTEGER | NOUT, store-name VARCHAR(20) | NOUT, store_yr opened

| NTEGER | NOUT, WO 01/ 37135 PCT/ US00/ 30781 26 store-sales MONEY | NOUT)
Filterexpr (Il1F(store sales >= 100000 AND store_yr_opened > 1980)); } 5
Lookup Transfornmation The | ookup transformati on object 706 provides the

capability to
store_sales MONEY INOUT)

{
Filterexpr (IIF(store_sales >= 100000 AND store_yr_opened > 1980));

}

S Lookup Transformation
The lookup transformation object 706 provides the capability to
translate one or a combination of ports into other ports based on some
predefined fields that are specified in a relational table in the target database.
The fields of this lookup table must be specified as lookup ports in the lookup
10 transformation, in addition to a lookup expression and several other

parameters.

Specification
CREATE Lookup <lookup_name> (
<ports>,
15 <ports> ::= <port_def>, ...
Lkpfields (<fields>),
<fields> ::= <field_def>, ...
<field_def> ::= <field_name> <data_type>
<field_name> ::= <string>
20 Lkptable [<table_name>] ATTR,
[Lkpcaching [<boolean>] ATTR,]
Multimatch [{FIRST | LAST | ERROR | ALL}] ATTR,
Dblocation [<string>] ATTR,



transl ate one or a conbination of ports into other ports based on sone
predefined fields that are specified in a relational table in the target
dat abase. The fields of this |ookup table nust be specified as | ookup
ports in WMROYFERUp 10 transformation, in addition to a | oB&kEYS&N¥ssi on
~and several other paraneters. Specification CREATE Lookup <l ookup_nane>
<ports>, 15 <ports> ::= <port def>, .27 Lkpfields (<fields>), <fields>
= <field def> ... <field def> ::= <field _nanme> <datatype> <field name>

»:= <string> 20 Lkptable [<table_nanme>] ATTR [Lkpcachi ng [ <bool ean>J
ATTR,J Multimatch [(FIRST | LAST | ERROR I ALL)] ATTR, Dblocation
[<string>] ATTR, WO 01/37135 PCT[ US00/30781 27 Sourcetype [{DB | FILE)]
ATTR, [ Recache [<bool ean>] ATTR] 5 Lkpoverride <sgl _exp>  Lkpcond

<l ookup_expr>, <lookup_expr> ::= {<l ookup_subexpr> | <l ookup_expr> AND

Sourcetype [{DB | FILE}] ATTR,
[Recache [<boolean>] ATTR]
)
M
5 Lkpoverride <sql_exp>,
Lkpcond <lookup_expr>,
<lookup_expr> ::= {<lookup_subexpr> | <lookup_expr> AND
<lookup_subexpr>}
<lookup__§ubexpr> n:= <port_name> <logical_op> <port_name>
10 <logical op>:={=l<I>1 < | <=1>=}

Y,

Example

CREATE Lookup lk_customerLookup

old_cust_id INTEGER IN, |
15 cust_id INTEGER OUT,

cust_name VARCHAR(25) INOUT,

address VARCHAR(20) OUT,

city VARCHAR(15) OUT,

state VARCHAR(2) OUT, -
20  zip VARCHAR(10) OUT,

old_cust_id INTEGER) IN,

Lkpfields (Ikp_cust_id INTEGER, cust_id INTEGER, cust_name
VARCHAR(25), address VARCHAR(20), city VARCHAR(15), state



<l ookup_subexpr >} <l ookup_subexpr> ::= <port_nane> <| ogi cal op> <port_nane>
100<I ogi_cal oB> ?:_ { = F <l >1 <>1 <= >} \} Exanple CREATE Lookup

| k customer Lookup old cust id INTEGER IN, 15 cust id | NTEGER QUT 07cust
name VARCMARIIBIY3S NOUT, address VARCHAR(20) OUT, city _\/AR&HX&{SQ%@ &,
~state VARCHAR(2) QUT, 20 zip VARCHAR(10) QUT, old_custid I NTEGER) IN,
Lkpfields (lkp_custid I NTEGER, custid 28NTEGER, cust nane VARCHAR(25),
address VARCHAR(20), city VARCHAR(15), state WO 01/37135 PCT/ USQO/ 30?8_1 28
- VARCHAR(2), zip VARCHAR(10) ) { Lkpcond ("OLD CUST ID = LKP_FUST ID'); 5

| k_cust omer Lookup (" CUSTADDLKP", TRUE, FIRST, "s:\dwtargcust", DB) Query
Transformati on The query transformation object 707 allows one to tailor the

i nput data

VARCHAR(2), zip VARCHAR(10) )
{ ,
Lkpcond (“OLD_CUST_ID = LKP_CUST_ID");
5
5 lk_customerLookup (“CUSTADDLKP”, TRUE, FIRST, “s:\dw \targcust”, DB)

Query Transformation

The query transformation object 707 allows one to tailor the input data
for a mapping from one or more soufce objects using SQL expressions. Given
the fields of one or more source tables as the input ports of this

10 transformation, the user may either provide a complete SQL query to
override the default behavior of the transformation, or specify the join (Select)
and filter (Where) parameters of the SQL expressior; that is created by the

system.

Specification
15  CREATE Query <query_name> (
<ports> -
<ports> ::= <port_def>, ...
)
M
20  [Sqlquery (<sql_exp>);]
[Userdefjoin (<sql_exp>);]
[Sourcefilter (<sql_exp>)]
\} ’



for a nmapping fromone or nore source objects using SQL expressions. Gven
the fields of one or nore source tables as the input ports of this 10

formation, the user may either provide a conplete SQL query to
f)\r/ngi de MOLI@EREuUIt behavi gr of the transformation, or spg&'ﬁl@a’o@f‘?@lj 0i n
(Select) and filter (Were) paraneters of the SQL expression that is
created by the system Specification 2915 CREATE Query <query_na_n”e>
<ports> <ports> ::= <port def> ... \{ 20 [Sql query (<sgl_exp>);]
[Userdefjoin (<sgl_exp>);J [Sourcefilter (<sgl_exp>)] \} WO 01/37135
PCT/ USO0/ 30781 29 Exanple CREATE Query gr_storeQuery( store-id | NTEGER
| NOUT, store_type CHAR IN, 5 store-nane VARCHAR(20) I NOUT, store address

VARCHAR(35) | NOUT) {
Example

CREATE Query qr_storeQuery(
store_id INTEGER INOUT,
store_type CHAR IN,
5  store_name VARCHAR(20) INOUT,
store_address VARCHAR(35) INOUT)

{
Sourcefilter (“store_type = ‘R’”)

}

10 Sequence Transformation
The sequence transformation object 708 is used for creating unique

keys for records as they are processed in a mapping. Each instance of a
sequence transformation is created with an initial value, which is used at the
start of an execution, an increment value to compute the values of subsequent

15 indexes, and an end value. Default values will be used if any of these
parameters.are omitted. This transformation has two predefined output
ports, curval and nextval, that contain the current value and the next value of
the sequence index, respectively. If the curvalis used, all the rows processed
will get the same value corresponding to the curval setting at the time of

20 processing; and when the nextval is used, the row for each row is

incremented from the curval by the given increment setting. If the Cycle
keyword is specified, the sequence numbers will be reused once a cycle has

been completed and Reset allows one to reset the value of the index being



Sourcefilter ("store-type } 10 Sequence Transformati on The sequence
transfornmati on object 708 is used for creating unique keys for records as
they are processed in a mapping. Each instance of a sequence

t ransf or rr&f(?%'r‘r’”il%s created with an initial value, which is G5E3'S3¢3¢Rk

~start of an execution, an increnent value to conpute the val ues of
subsequent 15 indexes, and an end val 8. Default values will be used if any
of these paraneters-are omtted. This transformation has two predefined
output ports, curval and nextval, that contain the current value and the
next value of the sequence index, respectively. If the curval-is used, al
the rows processed wll get the sane val ue corresponding to the curval
setting at the tinme of 20 processing; and when the nextval is used, the row
for each rowis increnmented fromthe curval by the given increnent

setting. If th 3 .S ified the.sequence nunbers wll be
reused once a ?f/sgdg& ﬁlgsslf“ﬁéﬁgnwkdgmﬁggagﬁgﬁayﬁgg@spo{- VIS teReloMoCTrRtiRg t he
val ue of the i rideckshebdmeld RUbt3LAR to.th

starting val ue. The Cache keyword igt%g(?/??ig%%g;gﬁfggvgg)rl%gg&’eﬁé)bjeﬁ
sequence i ndexes that could be used by one or nore other objects.
Speci fication éREAﬁtE“‘Bbquence <sequence_nanme> 5 curval | NTEGER QUT,

nextval | NTEGER QUT
CREATE Sequence <sequence_name> (
S5  curval INTEGER OUT,
nextval INTEGER OUT,

[Startvalue [<integer>] ATTR,]

Esocks of

[Increment [<integer>] ATTR,}
[Endval [<integer>] ATTR,]

10 [Cycle [<boolean>] ATTR,]
[Cache [<boolean>] ATTR,]
[Reset [<boolean>] ATTR]

Example

15 CREATE Sequence sq_incrBy5Sequence (
' curval IN'i'EGER OuT,
nextval INTEGER OUT)
17
sq_incrBy5Sequence (2, 5, 92, TRUE);

20  Stored-Procedure Transformation
The stored-procedure transformation object 709 allows one to execute a
parameterized function either in a pipeline mode or stand-alone within the

expression, lookup, or user-defined transformations. Furthermore, the stored



[Startvalue [<integer>] ATTR,J [Increnment [<integer>] ATTR,] [Endval
[<integer>] ATTR J 10 [Cycle [<bool ean>J ATTR,J [Cache [<bool ean>] ATTR J
[ Reset [<bool ean>J ATTR] Exanple 15 CREATE Sequence sq_i ncr By5Seqguence
curval | NWPW7ET, nextval | NTEGER OUT) (}: sq_i ncr By5SedGdit803%sl 5 go
. TRUE); 20 Stored-Procedure Transformation The stored-procedure
transformati on object 709 allows one t3d execute a paraneterized function
either in a pipeline node or stand-alone within the expression, |ookup, or
user-defined transformati ons. Furthernore, the stored WO 01/ 37135
PCT/ USO0/ 30781 31 procedure may return one or nore values through its
out put ports, however, no input/output ports nay be used (i.e., the
procedure paraneters are only passed in by value). Procedures that may
have a uni que return value may also be specified having their return val ue

represent ed i n prosgikte aldyzetirh@ind/d? hoGatues Eﬁxrough(?&%g&?t}&gaﬂmgéﬁv, e

processed on a row basis, the nane of the procedure 1s specifie
Procnane st at eﬁ\é’ﬁﬂPUfVW@tHTdrlig?etmnyl baiukéd (ie., the procedure parameters are only

passed in by value). Procedures that may have a unique return value may
also be specified having their return value represented in a specialized return
5  port. For procedures that are processed on a row-basis, the name of the

procedure is specified by the Procname statement. The Targetconn will be
used for the location of the database in which the procedures will be
executed. In addition to the parameterized procedures discussed, pi'e- and
post-processing functions can be executed before and after the row-by-row .

10 transformations are processed. The name of such a function is specified by the
Calltext statement and its type is defined one of the four types TARGPRE,
TARGPOST, SRCPRE, and SRCPOST. NORMAL is used for the row-by-row
type procedures.

Specification
15 CREATE Storedproc <storedproc_name> (
<ports>
<ports> ::= <port_def>, ...
Procnamé [<string>] ATTR,
Targetconn [<string>] ATTR,
20 Calltype [{TARGPRE | TARGPOST | NORMAL | SRCPRE | SRCPOST}]
ATTR,
[Calltext [<string>] ATTR]

)



used for the location of the database in which the procedures wll be
executed. In addition to the paraneterized procedures discussed, pre- and
post - processi ng functions can be executed before and after the row by-row
10 transf WiIW{¥76¥¥s are processed. The name of such a funct PERUSEVINRC fi ed
by the Calltext statement and its type is defined one of the four types
TARGPRE, TARGPCST, SRCPRE, and SRCPOSZ. NORMAL is used for the row by-row

type procedures. Specification 15 CREATE Storedproc <storedproc nane>

<ports> <ports> ::= <port def> ... Procnane [<string>] ATTR, Targetconn
[<string>] ATTR, 20 Calltype [{TARGPRE | TARGPOST | NORMAL | SRCPRE |

SRCPOST)J ATTR, [Calltext [<string>] ATTRJ WO 01/37135 PCTI USOO' 30781 32
Exanpl e CREATE Storedproc sp_prodDi strProc prodcateg VARCHAR(10) IN, price

Port MONEY I N, g sallesr egi on VARCHAR(15) IN, nunprodsold INTEGER I N,
xampe

CREATE Storedproc sp_prodDistrProc (
prodcateg VARCHAR(10) IN,
price Port MONEY IN,
5 salesregion VARCHAR(15) IN,
numprodsold INTEGER IN,
futuresales MONEY OUT)

)

{x
10 sp_prodDistrProc (“forecastSales”, “S:\dw\sales”, NORMAL);

Update Strategy Transformation

With the update strategy transformation object 710, one can specify
how each individual row, after it is processed by a mapping, will be used to
update the target database tables. The various updating options are insert,

15 delete, update, and override. An expression specified by the user is evaluated
for each row to determine the update strategy for that row. This expression

returns 0 for insert, 1 f01f update, 2 for delete, and 3 for reject.

Specification
CREATE UpdateStrategy <update_name> (
20  <ports>
<ports> = <port_def>, ...

)
M



futuresal es MONEY QUT) {}; 10 sp_prodDi strProc ("forecast Sal es",

"S:\dw sal es”, NORMAL); Update Strategy Transformation Wth the update
strategy transformati on object 710, one can specify how each indivi dual
row, aftewWoid/3785processed by a mapping, will be used to XpHHPWOM target
dat abase tabl es. The various updating options are insert, 15 delete,
update, and override. An expression spécified by the user is evaluated for
each row to determ ne the update strategy for that row. This expression
returns O for insert, 1 for update, 2 for delete, and 3 for reject.

Speci fication CREATE UpdateStrategy <update nane> 20 <ports> <ports> :: _
<port def>, ... \{ WD 01/37135 PCT/US00/ 30781 33 Updateexpr

<updat e_exp>; <update_exp> ::= {<port name> | <general _func> (<update_exp>)
| <constant>} \}; 5 Exanple CREATE UpdateStrategy us_custonerUpdate acct

id NUMERI C(10) Ith$ddkeexpr <update_exp>;
<update_exp> ::= {<port_name> | <general_func> (<update_exp>) |
<constant>} .

\k

5 Example

CREATE UpdateStrategy us_customerUpdate (
acct_id NUMERIC(10) INOUT,
name VARCHAR(25) INOUT,
address VARCHAR(40) INOUT,
10 last_activity DATE IN,
account_status CHAR INOUT)
( _ :
Updateexpr (HF(DATE_'DIFF(Iast_activity, SYSDATE,'MM’)>12, 2, 1));
7
15 A mapping 711 is a composition of various source, transformation, and
target objects that are linked in a directed, acyclic graph. Asshown in Figure
4, the source and target objects are the starting and ending nodes of the
graph, respectively, while the transformation .objects provide the intermediate
nodes. The description of a mapping presently contains the connectivity data
20  for ports of connected objects. The order that the objects are connected is
important since it dictates the data flow in the pipeline from sources to
targets. Once a mapping is instantiated, each object in that mapping is

included by means of its Exec method.



nanme VARCHAR(25) I NOUT, address VARCHAR(40) INOQUT, 10 last-activity DATE
I'N, account status CHAR | NOUT) Updateexpr (11 F(DATE DI FF(l astactivity,

SYSDATE, ' MM )>12, 2,1)); 15 A mapping 711 is a conposition of various
source, trEASFHMtion, and target objects that are |inkedGTAVHOGIBLct ed,
~acyclic graph. As shown in Figure 4, the source and target objects are the
starting and endi ng nodes of the graph34respectively, while the
transformation objects provide the internmediate nodes. The description of
a mapping presently contains the connectivity data 20 for ports of
connected objects. The order that the objects are connected is inportant
since it dictates the data flowin the pipeline fromsources to targets.
Once a mapping is instantiated, each object in that mapping is included by
means of its Exec nmethod. WO 01/37135 PCT/ US00/ 30781 34 Functions and

Dat a Types The Fumeioneafd Mxth Tabas t ypes that are used by TDL is descri bed.
The nmgjority of these functions and data types are used in a standard SQL

envi ronment, howeverThedfddttidrRidld &8 &fdsGha £888LSD oy ded. 5
Speci fication <general func> :: {<c§gisfunc> I <c0232¥2%§%f Jﬁ% qﬁe

<date_func> | giosityof thesefunctionswerd dathuppes drewed &k bfandafd!SQE |

<speci al _func>} . .
- environment, however, additional specific elements are also provided.

5  Specification

<general_func> ::= {<char_func> | <conversion_func> | <date_func> |
.<group_func> |

<numeric_func> | <scientific_func> | <special_func>}"

10 <char_func> ::= {ASCII (<char_var>) |
CHR (<num_var) |
CONCAT (<char_vaf> <char_var>) |
INITCAP (<char_var>) |

_ INSTR (<char_var>, <char_var>, [<int_var>, [<int_var>]]) |
15 LENGTH (<expr_var>) | LOWER (<expr_var>) l.
. LPAD (<expr_var>, <num_var>, [<char_var>]) |

LTRIM (<expr_var>, [<expr_var>})) |
RPAD (<char_var>, <num_var>, [<char_var>]) |
RTRIM (<char_var>, [<char_var>]) |

20 SUBSTR (<char_var>, <num_var>, [<num_var>]) |

UPPER (<char_var>) }

<conversion_func> ::= {TO_CHAR ({<num_var> | date_var, [<char_var>]}) |

TO_DATE (<char_var>, [<char_var>]) |



10 <char func> ::= {ASCI| (<char var>) | CHR (<numwvar) | CONCAT (<char
var> <char_var>) | INTCAP (<char_var>) | INSTR (<char var>, <char var>,
[<int var>, [<int var>]]) | 15 LENGIH (<expr var>) | LONER (<expr var>) |
LPAD (<exp¥OOH37#35 <num var>, [<char var>]) | LTRI M (<expr RECAVUG{00/30781

[ <expr_var>]) | RPAD (<char var>, <numvar>, [<char var>]) | RTRI M (<char
var>, [<char var>]) .1 20 SUBSTR (<chas var>, <numvar>, [<numyvar>]) |
UPPER (<char var>) } <conversion_ func> :: {TO CHAR ({<numvar> | date_var,
[ <char var>]}) | TO .DATE (<char var>, [<char var>]) | WD 01/37135

PCT[ USO0/ 30781 35 TO NUMBER (<var char>)] <date_func> ::_ {ADD _TO DATE
(<date_var>, <char_var>, <int_var>) | DATE- COWARE (<date var>,
<date_var>) | 5 DATE DI FF (<date_var>, <date_var>, <char var>) | GET
DATE_PART (<date_var>, <char var>) | LAST DAY (<expr var>) | SER DATE_PART

(<date_var>, <char_var>, FH3EER (lvarlc%afg'j oup_func> ::= {AVG (<num val >,
[ <expr val >]) | h - .

<date_func> = {ADD_TO_DATE (<date_var>, <char_var>, <int_var>) |
DATE_COMPARE (<date_var>, <date_var>) |
5 DATE_DIFF (<date_var>, <date_var>, <char_var>) |
GET_DATE_PART (<date_var>, <char_var>) |
LAST_DAY (<expr_var>) |
SER_DATE_PART (<daté_var>, <char_var>, <int_var>) }

10 <group_func> ::= {AVG (<num_val>, [<expr_val>]) |
COUNT (<expr_var>, [<expr_val>]) |
MAX (<expr_var>, [<expr_var>]), -
MEDIAN (<num_var>, [<expr_var>]) |
MIN (<expr_var>, [<expr_var>]),
15 PERCENTILE (<num_var>, <num_var>, [<expr_var>]) |
STDDEV' (<num_var>, [<expr_var>]) |
SUM (<num_var>, [<expr_var>]) |

VARIANCE (<num_var>, [<expr_var>]) }

20 <numeric_func> = {ABS (<1;um_var>) |
CEIL (<num_var>) |
CUME (<num_var>, [<expr_var>]) |
EXP (<num_7vai'>) | |
ABS (<num_var>) |

25 FLOOR (<num_var>) |



COUNT (<expr_var>, [<expr val>]) | MAX (<expr var>, [<expr var>]), MED AN

(<num.var>, [<expr var>]) | MN (<expr var>, [<expr var>]), 15 PERCEI\FI'I LE
(<num.var>, <numvar>, [<expr var>]) | STDDEV (<num var >, Fmr \égr>
SUM(<numWﬁh91$3713[5<expr var>]) | VAR ANCE (<numvar>, [<exp 939781
<nuneric func> ::= JABS (<numvar>) CELL (<numwvar>) | CUME (<num.var >,
[<exprvar>]) | EXP (<numvar>) | ABS36<numvar>) | 25 FLOOR (<numvar>) |
WO 01/ 37135 PCT/ US00/ 30781 36 | SNULL (<expr var>) | LN (<expr var>) | LOG
“(<expr var>, <exprvar>) | MDD (<numvar>, <numvar>) | 5 MWV NGAVG
(<numwvar>, <intvar>, [<expr_var>]) | MW NGSUM (<numvar>, <int var>,
[<expr var>]) | POAER (<numvar>, <numvar>) | ROUND ((<numvar> | <date

var>), (<num.var> |

ISNULL (<expr_var>) |
LN (<expr_var>) |
LOG (<expr_var>, <expr_var>) |
MOD (<num_var>, <num_var>) |
5 MOVINGAVG (<num_var>, <int_var>, [<expr_var>]) |

MOVINGSUM (<num_var>, <int_var>, [<expr_var>]) |
POWER (<num_var>, <num_var>) |
ROUND ({<num_var> | <date_var>}, {<num_var> |
<format_var>}) |

10 SIGN (<num_var>) |
SORT (<num_var>) |

TRUNC (<num_var>, [<num_var>) }

<scientific_func> ::= {COS (<num_var>) | )
15 COSH (<num_var>) |
SIN (<num_var>) |
SINH (<num_var>) |
TAN (<num_var>) |

TANH (<num_var>)}

<special_func> ::= {DECODE (<expr_var>, <expr_var>, <expr_var>,
[<expr_var>)) |
IIF (<expr_var>, <expr_var>, [<expr_var>]) |
LOOKUP (<expr_var>, <expr_var>, <expr_var>) |
25 PIVOT (<any_var>, <booLvar>) !



| TRUNC
<format var> | 10 SIGN (<numwvar>) | SQRT (<num var>)
(<gum var >, %)<num_var >) ) <scientific func> ::= (COS (<numwvar>) | 15 COSH

I
<numvar>) I SIN (<numwvar>) | SINH (<numuvar>) | TAN (<num var_/%
gI'AwaI (_<nurW)Q&1r/-’>7)l§5 (20 <speci al _func> ::= (DECODE (<expr va&’g,"”@%é‘t g ;;1r|>,
<exprvar>, [<expr_var>]) | UF (<expr_var>, <expr var>, [<expr;va>
LOOKUP (<expr var>, <expr var>, <expr ¥ar>) 25 PIVOT (<any_var t .
<bool _var>) | WD 01/37135 PCTI US00/ 30781 37 TOP (<num var >, DEICInI\/A\IiaI ,
<int var>) } <data_type> :: | BINARY | BIT | CHAR | DATE I

B NUVERI C | RAWI REAL |
DOUBLE | FLOAT 5 1 IMAGE | INTEGER | MONEY | RE
SMALLINT | TEXT | TI MESTAMP | TINYINT | VARCHAR) <constant> ::=
{<posinteger> | <integer> | <real> 1| <char> | <string>

TOP (<num_var>, <int_var>, <int_var>) }

<data_type> ::= { BINARY | BIT | CHAR | DATE | DECIMAL | DOUBLE |
FLOAT
5 - | IMAGE | INTEGER | MONEY | NUMERIC | RAW | REAL |
SMALLINT | TEXT | TIMESTAMP | TINYINT | VARCHAR }

<constant> ::= {<posinteger> | <integer> | <real> | <char> I <string>
I <boolean>}
10
Figure 8 illustrates an exemplary computer system 800 upon which the
present invention may be implemented or practiced. It is appreciatéd that the
computer system 800 of Figure 8 is exemplary only and that the present
invention can operate within a number of different computer systems.

15 Computer system 800 of Figure 8 includes an address/data bus 801 for
conveying digital information between the various components, a central
processor it (CPU) 802 for processing the digital information and
instructions, a main memory 804 comprised of random aéc'ess memory
(RAM) for storing the digital information and instructions, a read only

20 memory (ROM) 811 for storing information and instructions of a more
permanent nature. In addition, computer system 800 may also include a data
storage device 807 (e.g., a magnetic, optical, floppy, or tape drive) for storing
vastamounts of data, and an I/O interface 808 for interfacing with peripheral
devices (e. 8- compﬁter network, modem, etc.). It should be noted that the

25 client program for performing TDL can be stored either in main memory 804,



| <boolean>) 10 Figure 8 illustrates an exenpl ary conputer system 800 upon
which the present invention may be inplenented or practiced. It is
appreciated that the conputer system 800 of Figure 8 is exenplary only and
that the PIM&AI3S i nvention can operate within a nunber of PH%ﬁ%ﬂ%’ﬁ?‘

conput er systens. 15 Conputer system 800 of Figure 8 includes an
address/data bus 801 for conveying di3gital information between the various
conponents, a central processor unit (CPU) 802 for processing the digital
information and instructions, a nmain nenory 804 conprised of random access
menory (RAM for storing the digital information and instructions, a read
only 20 nenory (ROM 811 for storing information and instructions of a nore
per manent nature. In addition, conputer system 800 nay al so include a data
storage device 807 (e-g., a magnetic, optical, floppy, or tape drive) for
storing vast 0 t and an |/ Ojnterface 808 for interfacing

Wi th pgri phera?ﬁgg%?%eeéev?%.%z, OL B AR MR N8R defisge eviges which maghoul d
be noted that pd& i ) . £.Qr ki TDL. e stored either
in main menory 80%%%??%7‘?%%%% %@%@?@@?&1&%)' at zlaceg{}(])?%rge devi ce 807,
or in an ext erdigplagingrinfpemdtvh e®a c&aghfeeslswiaﬁfélﬁ%unb&i&ﬁh k@dyiQgsPmput er
system 800 i nclude a display device 821 for displaying information to a
conput er user ,(egn adiepheardianda quigartcodrol devie@®3 (eq.gmouse, keykpal, @pht and a

cursor contgol_devi 823 (e.qg,, nouse, trackball, light 5 pen, etc.) for
i nputting dat aPeé‘n8*C§z‘PfelePPé%dafa and selections.

Hence, an apparatus and method for transforming data in data
warehousing applications has been disclosed. Furthermore, a functional
spe;ification for the Transformation Description Language (TDL) has been

10 described in detail. The primary objective for creating TDL is to provide a
text-based representation of the definitions of various sourée, transformation,
and target objects used in data warehousing applications. Sﬁch textual
descriptions can in turn be used for verification of the mappings created
through a graphical user interface. A parser can also be potentially

15 developed for TDL so that components of a mappings described in this
language can be brought into other systems. Thus, TDL could potentially
become a standard for exchanging transformation metadata across various
programs. Furthermore, TDL could potentially be extended to capture the
complete behavior of a mapping (i.e., the internal dependencies and the data

20  flow across the acyclic, directed graph structure of the mapping). In a sense,
TDL may be extended to become a complete transformation programming
language to be used on top of the transformation engine to offer a truly
software component which in turn could be embedded in various data
warehousing systems.

25



Hence, an apparatus and nethod for transformng data in data warehousing
applications has been disclosed. Furthernore, a functional specification
for the Transformation Description Language (TDL) has been 19 dsgs/crllbed in
detail. TMO Iy objective for creating TDL is to provi §ETHSOITL pased
representation of the definitions of various source, transformation, and

target objects used in data warehousi 8§ applications. Such textual
descriptions can in turn be used for verification of the mappings created

through a graphical user interface. A parser can also be potentially 15
devel oped for TDL so that conmponents of a mappings described in this

| anguage can be brought into other systems. Thus, TDL could potentially
beconme a standard for exchangi ng transformati on nmetadata across vari ous
prograns. Furthernore, TDL could potentially be extended to capture the

conpl ete behavi or of ' - the internal. dependencies and the
da'[n; 20 fl ow across %‘ﬂ%@géy}%‘?‘?%%é‘a??%ﬂ%‘g tb? Bbfﬁe’z&‘f‘&%{)w‘ecaa erpdibhppi ng) .

In a sense, T%n@%uh&&%ﬁtﬁﬁﬂzﬂdaﬁﬂic@ﬁ&ﬁ”’?h@Rfég&ﬂliﬁ@%t?oﬁacgﬁfbgrégpe%id(ﬁjg
programm ng | anguage to be used 'on top of the transfornmation engrne to
offer a truly tofavearey enalpbcrdapplittion. iFarthefmoeptledbrbene HRAE6S cih

various data rehoua(iecpg systens. 25 WO 01/37135 PCTIUSOO 30781 39 In an

al ternative enbBUPHER Yirpdisation wightyses datarmars or dadiwarehemsiagsul at ed
n be extended to cover any

R e I R LR
transformed. Some exemplary applications within which the present
invention may be practiced include, but are not limited to: balance scorecard
applications, enterprise applications, performance measurement applications,
marketing tools, profiling applications, data minihg.applicaﬁons,

10 segmentation applications, filtering tools, etc.). Figure 9 is a block diagram
showing an exemplary application having an embedded data ﬁamfomaﬁon
engine as contemplated by the present invention. Source data is stored upon
in one or more source systems 901-903 (e.g., source tables). The relevant
source data is extracted from one of the source systems 901-903 by the data

15 transformation engine 904. In the currently preferred embodiment, data
transformation engine 904 performs the transformations described above in
reference fo the tranéformation description language. The transformed data
is then presented by the analytical -application 905 for display to the user.
Typically, the analytical application has one or more graphical user interfaces

20  which enables a user to request and obtain desired information. The resulting
transformed data can also be stored in one or more data marts or data
warehouses 906-907. An example of an analytical application 905 might be
customer broﬁling used for marketing purposes. A luxury car dealership can

use a profiling application to analyze the source systems of a credit card

25 company in order to determine those potential customers who live within a



be extended to any application which uses data mart or data warehousing 5
t echnol ogy whereby data is bei ng aggregated, consolidated or otherw se
transforned. Sone exenplary applications within which the present

i nvent i onWREY/3H85practi ced include, but are not |inited to?CHYPYREB!
scorecard applications, enterprise applications, performance nmeasurenent
applications, marketing tools, profid0ing applications, data m ning
applications, 10 segnentation applications, filtering tools, etc.). Figure
9 is a block diagram showi ng an exenpl ary application having an enbedded
data transformati on engine as contenplated by the present invention.
Source data is stored upon in one or nore source systens 901-903 (e.g.,
source tables). The relevant source data is extracted fromone of the
source systens 901-903 by the data 15 transformation engine 904. In the

currently pref efer@th Wm@am%cagéﬁ%eétra?% o f;[\%&'n]g Tev%ﬂgi}{] &5?18?%?? %{ io(r)nms

the transformati ons descri bed above I n erence rot

descri ption | ampuagepscleaesthansty) et CHRGRx alcdrihel aRESS y the
anal ytical application 905 for displ aydi?% ?ﬁeg%user. 2 Typ%ggﬁq'a? t he
anal ytical applfietapiksisanke usgvbtoomalyreahe trapsfoeabd dserobitiined Fage el yhi ch

enabl es a user ,to request and obtain desired information. The resulting
t ransf or ned dattﬁ?r‘éé?ﬁﬂﬁp% epging+ dhe fesuts arrcthen stased wititim onet sooe datat a

war ehouses 306+ l.e .of al ytical lication 905 m ght be
cust omer profi I@%Sfﬁg\gudﬁ% g‘fr@nﬁ?tﬁlgy ?ﬂd?ir}tﬂ‘%‘ggéé‘.ote%o q?‘ﬁkﬁ\efoé’é:ﬁ sy&tamer shi p can
use a profilingoaped AkBldrie 4 Qﬂﬁ’whﬁﬁ . r systens of a credit card
25 conpany in order to déterm’ ﬁe t osea%)lg gﬁgﬁg%@ﬁ%‘?%ﬁﬁ?g% live within
a WO 01/ 37135 PREpli¢d600/988.7Bdrthetthore, data marts/warehouses 906-907 are optional,

or they can reside outside of the analytical application 905.

10 In another embodimeqt of the present invention, the transformation
engine can be used to facilitate the transfer of data from one system to |
another system. Often, data from one system is required to be copied over
onto a different system such that both system now have access to that
valuable data. Unfbrtunately, in many instances, the two systems can have

15 conflicting formats, structures, or configurations due to hardware, software,
or vendor differences. As such, it may be a rather difficult task trying to
reconcile the different formats. The present invention can be used to
transform data, not only for analytical purposes, but also to transform the
data to provide compatibility, formatting, and interfacing solutions. In other

20  words, the data is transformed to provide data integratioh amongst two or
more systems. Although the purpose has now changed, the process for
accomplishing the data integration relies on the same steps of mapping,
transforming, and then exporting of the data. Figure 10 is a block diagram
showing how one embodiment of the present invention can be used to

25  transfer data from one system to another system having a different format.



certain geographical |ocation, nmeet a certain incone level, fly first
class, eat out at upscale restaurants, etc. Conplex algorithnms and even
neural networks can be used to analyze the transformed data obtained from
the data WQ@&M¥A¥r mation engine. The results are then stor 8T ¥ B8bne or
nore data 5 marts for subsequent retrieval. It should be noted that the
source systems 901-903 and/or the da#h transformati on engi ne 904 can be
part of the application 905. Furthernore, data marts /warehouses 906- 907
are optional, or they can reside outside of the analytical application
905. 10 I n another enbodi nent of the present invention, the transformation
engi ne can be used to facilitate the transfer of data fromone systemto
anot her system Oten, data fromone systemis required to be copied over
onto a different system such that both system now have access to that

val uabl e data. ddufres JARA&bYd ih %n@‘ﬁ%ro‘ré‘% ar?egieyfsgﬁsgﬁ)gﬁ%i@gfﬁﬁ%gﬁ,cmaﬂ“te,ha"e

15 conflicting formats, structures, con

software, or wenderdati fsferiraaee SronfehestppRopridte TPy e Lfficult
task trying to reconcile the different fol? rral?s. r‘f’ gyprémggid%haenti on can

be, used to trETSfUFIRtgREASiNRdO0DInthE onrrenth} pietaradd b E@sRSt, AEETH, SO t O

transformthe data to.provide conpatibility, formatting, and interfacing
solutions. In & Eig?cr%d\ﬁ%%%{s UYspi@ tjagcamipdish thertsansfomuhtion. fihesodecedhita

integrationga r. stens. - Al though the purpose has now
changed, th‘é3 g?%%géssfogor agcgégzgﬁdfsl@ﬁf‘ﬁtg‘sf‘ﬂﬁ’Cd’&l%tﬁ%%‘@%ég?fcﬂfth%tﬁrest on the
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Figure 10 is a block diagr ng how’ one
invention can bpstemednbe a2hatdhasd) shef maal & ddiR Wapdisy St em to anot her system
having a different format.

In yet another embodiment, the present invention covers the éase
10 whereby rather than having a physically separate database, the database is
embedded within the application itself or otherwise accessible by the
application. Thereby, the application now acts as the source system. An
example might be a pre-packaged financial system. The user interacts with
one or more graphical user interfaces rather than directly with a database.

15 However, a database resides either inside, imdemeath, or remote to the

application.

The foregoing descriptions of specific embodiments of the present
invention have been presented for purposes of illustration and description.
20  They are not intended to be exhaustive or to limit the invention to the i:)recise
forms disclosed, and obviously many modifications and variations are
possible in light of the above teaching. The embodiments were chosen and
described in order to best explain the principles of the invention and its
practical applicatiorp to thereby enable others skilled in the art to best utilize

25 the invention and various embodiments with various modifications as are



WO 01/37135 PCT/ US00/ 30781 41 Source data is stored in one or nore source
systens 1001-1002. The relevant source data is extracted fromthe
appropriate source systemby the data transfornmation engine 1003. In the
current | yWprgBdssed enbodi nent, the TDL as descri bed abovBECTESW&AHL: o
acconplish the transformation. The source data 5 is transformed such that
its format is now conpatible with that™“of the target system such as
target system 1004 and/or target system 1005. The target system can be a
dat abase, data mart, or data warehouse. In yet another enbodinent, the
present invention covers the case 10 whereby rather than having a

physi cal | y separate database, the database is enbedded within the
application itself or otherw se accessible by the application. Thereby,
the application now acts as the source system An exanple m ght be a
pre- packaged fi rsaited & theyfirtolarie WeempR&T, 3¢ isSniindRd tHMhQEcdﬁ%r? e
graphical user interfaces rather than directly with a database. § It—}|2)wever,
a dat abase resi desendiontherdefined by the Almsepphndet hereraed tieit diiivalents.
application. The foregoing descriptions of specific enbodi nents of the
present invention have been presented for purposes of illustration and
description. 20 They are not intended to be exhaustive or to limt the
invention to the precise fornms disclosed, and obviously many nodifications
and variations are possible in light of the above teaching. The

enbodi nents were chosen and described in order to best explain the
principles of the invention and its practical application, to thereby
enable others skilled in the art to best utilize



25 the invention and various enbodi mrents with various nodifications as are
WO 01/ 37135 PCT/ USOQ' 30781 42 suited to the particular use contenpl at ed.
It is intended that the scope of the invention be defined by the C ains
appended Weri@BaI3and their equival ents. WO 01/37135 PCTI USCR¥BYF¥H07343
CLAIMS What is clainmed is: 1. A conputgr inplenmented nethod for
transferring data having a first format froma first systemto a second
system having a second format, conprising the steps of: identifying a set
of source data having the first format stored on the first system storing
a set of transtgramygon obj ects, wherein the transformati on objects have
correspondi ng metadata which defines how data is to be transforned,

mappi ng data fromthe first systemto one or nore of the transfornmation
objects; transform ng the data having the first format to the second format
t hrough at | east onévVhat ishiaitedrisf or mati on obj ects; exporting transforned
data having the second format to the second system 2. The conputer

i npl enented nmethod of Claim 1, wherein data

1. A computer implemented method for transferring data
having a first format from a first system to a second system having a
second format, comprising the steps of:

identifying a set of source data having the first format stored on the
first system;

storing a set of transformation objects, wherein the transformation
objects have corresponding metadata which defines how data is to be

transformed;

mapping data from the first system to one or more of the

transformation objects;

transforming the data having the first format to the second format

through at least one of the transformation objects;

exporting transformed data having the second format to the second

system.

2. The computer implemented method of Claim 1, wherein data
having the first format is copied from the first system and stored on the

second system in the second format.

3. A computer implemented method, comprising the steps of:

specifying at least one source system containing source data;



having the first format is copied fromthe first systemand stored on the
second systemin the second format. 3. A conputer inplenented nethod,
conprising the steps of: specifying at |east one source system contai ni ng
source dat¥® OMP3I¥1/ 37135 PCTI USOO 30781 44 storing net ada%&TW9/é‘§7§bndi ng
~to a plurality of transformation obj eg&s whi ch transform data according to
the nmetadata corresponding to a particular transformation object;
specifying a target systemfor storing transforned data; selecting at

| east one of the transformation objects; napping data fromthe source
systemto a first sedtefihg@nethdatasdorddpbhdihgot) €pluralityedts transforghdtive dat a
according to the netadata corresponding to the first selected

transf or mat i on dijeets whichappins@rirhéath raaosfdingrbal thtamatddatar otrespandingsel ect ed
transformation object to the target system 4. The conputer inplenented

met hod of O ai ma Barticudardransfoematmen hbci;s for anal yzing data in an
application. 5. The conputer inplenmented method of Claim3, wherein the
application is conpripsedyisis atasgetaystens éor gosngdraspmed dale; 6. The

conmput er inplenented nethod of Claim3, wherein the applicationis
conprised of an ent eSS 3 deash PRARE heBaRsiPERaHe o b’ﬁF?cati on.

mapping data from the source system to a first selected
transformation object;

transforming the data according to the metadata corresponding to
the first selected transformation object;

mapping the transformed data from the first selected

transformation object to the target system.

4. The computer implemented method of Claim 3, wherein the

method is for analyzing data in an application.

5. The computer implemented method of Claim 3, wherein the

application is comprised of a balance score card application.

6. The computer implemented method of Claim 3, wherein the
application is comprised of an enterprise performance measurement

application.

7. The computer implemented method of Claim 3, wherein the

application is comprised of a marketing application.

8. The computer implemented method of Claim 3, wherein the

application is comprised of a profiling application.



7. The conputer inplemented nethod of G aim3, wherein the application is
conprised of a marketing application. 8. The conputer inplenented nethod of
Claim 3, wherein the application is conprised of a profiling application.
WO 01/ 371%%® BETIASO0 30781 45 9. The conputer i npl enent edPﬁgﬂﬁg‘g-”“&?l Caim
3, wherein the application is conprisgﬁ1of a segnentation application. 10.
The conputer inplenmented nethod of Claim3, wherein the application is
conprised of a data mning application. 11. The conputer inplenented nethod
of Claim3, wherein the application includes an enbedded data mart. 12.
The conputer inplenmented method of daim3, wherein the nethod is for
transformng data. 13. The conputer inplenented nmeth of ajm 3, wherein
the source system s cokberew@user implgpsniedhmesho Tﬁ&la}tﬁbg@‘ﬁ b the

i npl emented nmet hod of C aim 13, wherein the, application ingclydes a

dat abase enbedded mﬁthinaPP%¥aQQ&dPF€%HFBﬁQ(%§.e%“??%ﬂgpbﬁﬁﬁﬁggﬁnbescription
| anguage (TDL) for specifying how data is to be manipulated in a data

war ehousi ng application, the TDL conprising : a source for storing raw

data; at |east one %é.a”S*rﬂé TR0 o0 A A chfld nRERGPSP LIt Bowhaid#a: and

a target for storing the proce
application is comprised of a data mining application.

11.  The computer implemented method of Claim 3, wherein the

application includes an embedded data mart .

12.  The computer implemented method of Claim 3, wherein the

method is for transforming data.

13.  The computer implemented method of Claim 3, wherein the

source system is comprised of an application.

14.  The computer implemented method of Claim 13, wherein the
application includes a database embedded within the

application.

15. A transformation description language (TDL) for specifying
how data is to be manipulated in a data warehousing
application, the TDL comprising;:

a source for storing raw data; at least one transformation object for

processing the raw data; and a target for storing the processed data.



WO 01/37135 PCTI USOQ 30781 46 16. The | anguage of O aim 15 further
conprising a mapping for directing the data fl ow between the source, the
objects and the target. 17. The | anguage of Claim 15 or 16 wherein the
transfor nBQ ®3713 an aggregator transformation or an expr &J{UHA0/30781
transformation or a query transformation or a sequence transformation or a
stored procedure transformati on or an 4épdate strategy transformation or
any conbi nation of the foregoing tranformtions.

16.  The language of Claim 15 further comprising a mapping for

directing the data flow between the source, the objects and

the target.

17.  The language of Claim 15 or 16 wherein the transformation is
an aggregator transformation or an expression
transformation or a query transformation or a sequence
transformation or a stored procedure transformation or an
update strategy transformation or any combination of the

foregoing tranformations.



