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DATA WAREHOUSE PROGRAMS 
ARCHITECTURE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0002] This application is related to the following co 
pending and commonly-assigned patent application: 

[0003] Application Ser. No. 08/921,196, entitled “SCAL 
ABLE DATA WAREHOUSE ARCHITECTURE,” ?led on 
Aug. 29, 1997, by Linnette M. BakoW, et al., attorney’s 
docket number ST9-97-075, Which is incorporated by ref 
erence herein. 

BACKGROUND OF THE INVENTION 

[0004] 1. Field of the Invention 

[0005] This invention relates in general to database man 
agement systems performed by computers, and in particular, 
to systems that process data Within database management 
systems. 

[0006] 2. Description of Related Art 

[0007] Databases are computerized information storage 
and retrieval systems. A Relational Database Management 
System (RDBMS) is a database management system 
(DBMS) Which uses relational techniques for storing and 
retrieving data. Relational databases are organiZed into 
tables Which consist of roWs and columns of data. The roWs 
are formally called tuples. A database Will typically have 
many tables and each table Will typically have multiple 
tuples and multiple columns. The tables are typically stored 
on random access storage devices (RASD) such as magnetic 
or optical disk drives for semi-permanent storage. 

[0008] In recent years DBMSs have become increasingly 
popular for several factors, including the decrease in the cost 
of storage devices and the increased need to store and track 
electronic information. As DBMSs become increasingly 
popular, more and more data is stored in databases, and 
handling, storing, analyZing, archiving, moving, and collat 
ing the data becomes more of a concern to those utiliZing 
such data. 

[0009] To manage this increasing data load various soft 
Ware aids, sometimes referred to as utilities, have been 
developed. One thing that utilities have in common is that 
utilities assist users in managing data. They may be simple, 
such as a back up utility, Which merely copies several ?les. 
They may be more complex, such as a structured query 
language interface, Which has evolved into a standardiZed 
mechanism for manipulating data. They also may be com 
plex and sophisticated on line analytical processing pro 
grams (OLAP) Which are designed to do complex analytical 
processing. 
[0010] Relational DataBase Management System 
(RDBMS) softWare using a Structured Query Language 
(SQL) interface is Well knoWn in the art. The SQL interface 
has evolved into a standard language for RDBMS softWare 
and has been adopted as such by both the American National 
Standards Institute (ANSI) and the International Standards 
OrganiZation (ISO). 
[0011] Today, a DBMS can instead be an object-oriented 
database management system (OODBMS). An object-ori 
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ented database is organiZed into objects having members 
that can be pointers to other objects. One of the key features 
of an OODMBS is the ability to navigate betWeen objects 
using these pointers. Additionally, an object can have rela 
tionships to other objects. The objects contain references, 
and collections of references, to other objects in the data 
base, thus leading to databases With complex nested struc 
tures. 

[0012] Different types of data, relational and object, are 
being stored in data Warehouses. The term “data Warehouse” 
is used to describe large amounts of related data that are 
stored together. With the increased data that is stored, there 
has been an increasing complexity in using, retrieving, 
sorting and organiZing data and the proliferation of number 
and complexity of utilities increasing skill is being 
demanded of those Who use the databases. In addition 
because of the multiple uses of data Within organiZations, the 
same or closely related analyses can be repeated by different 
users, thereby giving rise to inef?ciency as the effort that is 
used in one analysis is often repeated in another analysis. 

[0013] Thus, there is a need in the art for an improved 
architecture Which enables users to more easily Work With 
utilities that operate Within data Warehouses. 

SUMMARY OF THE DISCLOSURE 

[0014] To overcome the limitations in the prior art 
described above, and to overcome other limitations that Will 
become apparent upon reading and understanding the 
present speci?cation, the present invention discloses a 
method, apparatus, and article of manufacture for a data 
Warehouse programs architecture. 

[0015] Data in a database stored on a data storage device 
is transformed. Initially, a program template is retrieved that 
contains parameters. A business vieW is invoked With the 
program template. Under control of the business vieW, a 
transformation program is invoked that transforms data at a 
source to generate data at a target using the parameters 
provided in the program template. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Referring noW to the draWings in Which like ref 
erence numbers represent corresponding parts throughout: 

[0017] FIG. 1 is a block diagram illustrating an exemplary 
hardWare environment used to implement the preferred 
embodiment of the present invention; 

[0018] FIG. 2 is a block diagram depicting, at a high level, 
the basic components of the DWP architecture; 

[0019] FIG. 3 illustrates a WindoW displaying a list of 
available templates; 

[0020] FIG. 4 illustrates a WindoW for use in editing a 
template With a programs tab selected; 

[0021] FIG. 5 illustrates a WindoW in Which an agent sites 
tab has been selected; 

[0022] FIG. 6 illustrates a WindoW 600 in Which the 
parameters tab has been selected; 

[0023] FIG. 7 illustrates a WindoW 700 With a list of 
system tokens; 
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[0024] FIG. 8 illustrates a WindoW 800 With a list of 
system parameters; 

[0025] FIG. 9 illustrates a WindoW in Which the usage tab 
has been selected; 

[0026] FIG. 10 illustrates a WindoW for de?ning a busi 
ness vieW; 

[0027] FIG. 11 illustrates a WindoW that illustrates the 
de?ned business vieW and enables a user to edit the business 

vieW; 

[0028] FIG. 12 illustrates a WindoW 1200 that enables a 
user to edit parameters; 

[0029] FIG. 13 is a How diagram of the process of 
de?ning the components for the DWP architecture; 

[0030] FIG. 14 is a How diagram of the steps performed 
at the server manager Within the DWP architecture; and 

[0031] FIG. 15 is a How diagram of the steps performed 
at the server agent Within the DWP architecture. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0032] In the folloWing description of the preferred 
embodiment, reference is made to the accompanying draW 
ings Which form a part hereof, and in Which is shoWn by Way 
of illustration a speci?c embodiment in Which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utiliZed and structural and functional changes 
may be made Without departing from the scope of the 
present invention. 

OvervieW 

[0033] The present invention comprises a data Warehouse 
programs (DWP) architecture for aiding processing of data 
Within a data Warehouse. A data Warehouse program is a 
program used Within, for example, the data Warehouse 
product, Visual WarehouseTM, from International Business 
Machines, Corporation, Armonk, NY. In particular, a data 
Warehouse program is a program, such as a File Transfer 
Program (FTP) command, a Backup Utility, or a Load Data 
Utility, that processes data in a data Warehouse. 

[0034] The DWP architecture enables a user to de?ne a 
business vieW, Which is an object that may be used to invoke 
a data Warehouse program. Additionally, the DWP architec 
ture enables a user to de?ne reusable templates that enable 
a user to provide user-speci?c parameters to the data Ware 
house program via a business vieW. The templates can be 
used by several users and business vieWs simultaneously. 

[0035] Moreover, the DWP architecture is supported by a 
?exible and intuitive parameter system in Which commonly 
used parameters, called tokens, can be included by, for 
example, selecting them from a list, thereby avoiding both 
error prone typing and confusion by users as to hoW to 
access these system parameters. 

[0036] This DWP architecture supports the creation of 
various business vieWs of data by alloWing the use and reuse 
of readily available data Warehouse programs Which can be 
accessed, created and used by many users. This DWP 
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architecture also provides a clean, intuitive and reliable 
method of parameter communication for use With data 
Warehouse programs. 

HardWare Environment 

[0037] FIG. 1 is a block diagram illustrating an exemplary 
hardWare environment used to implement the preferred 
embodiment of the present invention. In the exemplary 
hardWare environment, a client/server architecture is illus 
trated comprising a scalable data Warehouse architecture 100 
for, for example, a data Warehouse. The scalable data 
Warehouse architecture 100 has a tWo-tier server architec 
ture. 

[0038] Those skilled in the art Will recogniZe that any 
combination of the above components, or any number of 
different components, peripherals, and other devices, may be 
used With the computers 102 and 104. Those skilled in the 
art Will also recogniZe that the present invention may be 
implemented on a single computer, rather than multiple 
computers netWorked together, or may consist of netWorks 
linked together through various means. 

[0039] The present invention is typically implemented 
using one or more computer programs, each of Which 
executes under the control of an operating system, such as 
OS/ZTM, WindoWsTM, DOSTM, AIXTM, UNIXTM, MVSTM, 
and so forth, and causes the computers 100 and 102 to 
perform the desired functions as described herein. Thus, 
using the present speci?cation, the invention may be imple 
mented as a machine, process, or article of manufacture by 
using standard programming and/or engineering techniques 
to produce softWare, ?rmWare, hardWare or any combination 
thereof. 

[0040] Generally, the computer programs and/or operating 
system are all tangibly embodied in a computer-readable 
device or media, such as memory, data storage devices, 
and/or data communications devices, thereby making a 
computer program product or article of manufacture accord 
ing to the invention. As such, the terms “article of manu 
facture” and “computer program product” as used herein are 
intended to encompass a computer program accessible from 
any computer readable device or media. 

[0041] Moreover, the computer programs and operating 
system are comprised of instructions Which, When read and 
executed by the computers 100 and 102, cause the comput 
ers 100 and 102 to perform the steps necessary to implement 
and/or use the present invention. Under control of the 
operating system, the computer programs may be loaded 
from the memory, data storage devices, and/or data com 
munications devices into the memories of the computers 100 
and 102 for use during actual operations. Those skilled in the 
art Will recogniZe many modi?cations may be made to this 
con?guration Without departing from the scope of the 
present invention. 

[0042] In the example illustrated in FIG. 1, the present 
invention includes data Warehouse client computers 102 and 
104 having, inter alia, monitors and data storage devices are 
connected to a control database 110. The client computers 
102 and 104 communicate With the ?rst tier of server 
computers 106 to request processing of a query. Execution 
of the query transfers data from a source database 118 and 
122 to a target database 120 and 124. End user computers 
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126 and 128 are connected to the target databases 120 and 
124, Which enables users to perform data analysis at the end 
user computers 126 and 128. 

[0043] The ?rst tier of server computers comprises a 
server computer 106 connected to a control database 110. 
This server computer 106 is a server manager computer for 
interfacing With client computers 102 and 104 and exercis 
ing control over the second tier of server computers 112, 
114, and 116. The server manager computer 106 receives a 
query from a client computer 102 or 104. The server 
manager computer 106 schedules the processing of the 
query and stores the query in the control database 110 for 
later forWarding to an server agent computer 112, 114, or 116 
for execution of the query. 

[0044] The second tier of server computers 112, 114, and 
116 are server agent computers for transferring data betWeen 
data sources 118 and 122 and data targets 120 and 124. The 
server manager computer 106 preferably communicates 
With the server agent computers 112, 114, and 116 via 
Transmission Control Protocol/Internet Protocol (TCP/IP). 
The server agent computers 112, 114, and 116 preferably 
communicate With databases 118, 120, 122, and 124 via 
Open Database Connectivity (ODBC). Once an server agent 
computer 112, 114, or 116 has executed a query, the server 
agent computer 112, 114, or 116 reports the results to the 
server manager computer 106. The server manager com 
puter 106 stores the results in the control database 110. The 
client computers 102 and 104 can access the results in the 
control database 110. The second tier is scalable and is 
comprised of server agent computers 112, 114, and 116 for 
transferring data betWeen data sources 118 and 122 and data 
targets 120 and 124. 

[0045] Data is accessed through the server agent comput 
ers 112, 114, and 116. In particular, not every server agent 
computer 112, 114, and 116 is connected to every database. 
Instead, server agent computers 112, 114, and 116 are 
connected to pairs of data sources 118 and 122 and data 
targets 120 and 124. The server manager computer 106 
schedules queries for execution by an server agent computer 
112, 114, or 116 based upon availability of the server agent 
computers 112, 114, and 116 and based upon the data 
sources 118 and 122 and data targets 120 and 124 connected 
to particular server agent computers 112, 114, and 116. Data 
transfers are therefore limited to those betWeen a data source 
118 and 122 and a data target 120 and 124 connected to a 
common server agent computer 112, 114, or 116. 

[0046] One of the advantages of this technique is that it 
integrates the processes used at the different server agent 
computers 112, 114, and 116. The server agent computers 
112, 114, and 116 are independent computers in that each 
can use its oWn computer programs, operating system, 
hardWare platforms, and data sources and data targets. Yet, 
the control database 110 alloWs for central control and 
documentation of both the structure of the Warehouse and 
the currency of the data. 

[0047] In the exemplary hardWare environment, the client 
computers 102 and 104 and the server computers 106, 112, 
114, and 116 may each include, inter alia, a processor, 
memory, keyboard, or display, and may be connected locally 
or remotely to ?xed and/or removable data storage devices 
and/or data communications devices. Each of the computers 
102, 104, 106, 112, 114, and 116 could also be connected to 
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other computer systems via the data communications 
devices. Those skilled in the art Will recogniZe that any 
combination of the above components, or any number of 
different components, peripherals, and other devices, may be 
used With the computers 102, 104, 106, 112, 114, and 116. 
Those skilled in the art Will also recogniZe that the present 
invention may be implemented on a single computer, rather 
than multiple computers netWorked together. 

Data Warehouse 

[0048] A data Warehouse, such as the Visual WarehouseTM 
product, provides an end to end solution for departmental 
data Warehousing. With a data Warehouse, a user can extract 
a Wide variety of heterogeneous data, transform the data 
using SQL, and store the data for use in decision support. 
The data Warehouse can enable users to explore data Ware 
housing Without building an enterprise-Wide data Ware 
house. The data Warehouse can access a variety of sources, 

including DBZTM, OracleTM, InformixTM, SybaseTM, 
MicrosoftTM SQL server, and ?at ?les. 

[0049] The data Warehouse enables decision makers and 
analysts to become more productive. Additionally, the data 
Warehouse can be a datamart that contains data optimiZed 
for end user decision making and data analysis. The data 
mart contains only the essentials for a small set of users. A 
datamart does not attempt to satisfy the needs of everyone in 
the corporation, rather it servers the speci?c needs of select 
users. A datamart enables users to: replicate data from a 
variety of operational data sources; aggregate, summariZe, 
cleanse, or enhance the data; and, make the data available to 
end users through various decision support tools. 

[0050] Moreover, the data Warehouse enables users to 
create business vieWs, Which model the structure and format 
of data using an interface that is easy to understand. 

[0051] In one embodiment of the invention, a data Ware 
house and data Warehouse programs may be the Visual 
WarehouseTM and Visual WarehouseTM Programs, from 
International Business Machines, Corporation, Armonk, 
NY. HoWever, those skilled in the art Will recogniZe that the 
principles embodied in the present invention is not in any 
Way limited to those systems and programs. The principles 
can be used With many other systems, such as DBZTM, 
OracleTM, InformixTM, SybaseTM, or other relational or non 
relational databases, and can run on computers using, for 
example, IBM OS/ZTM, Microsoft WindoWs NTTM, IBM 
AIXTM, HeWlett-Packard HP-UXTM, Sun SolarisTM, and 
other operating systems. 

Data Warehouse Programs (DWP) Architecture 

[0052] FIG. 2 is a block diagram depicting, at a high level, 
the basic components of the DWP architecture. A business 
vieW 200 is a softWare object that links components of the 
DWP architecture together. Abusiness vieW 200 is a descrip 
tion of a process Which takes some input from a source 202, 
such as tables or ?les, and generates output to a target 206, 
such as a table or ?le. Additionally, a business vieW 200 
links the source and target to a transformation process 204 
that “transforms” the data from the source 202 to result in 
data for the target. In one embodiment of the present 
invention, the business vieW 200 resides on the server 
manager 106. Moreover, a user at a client computer 102 or 
104 can use a graphical user interface (GUI) to de?ne the 
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business vieW 200. In de?ning the business vieW 200, the 
user provides the sources 202, targets 206, and the transfor 
mations 204 to be invoked by the business vieW 200. The 
business vieW 200 is a metadata de?nition. Metadata is 
information about other data and processes. 

[0053] In particular, the business vieW 200 contains point 
ers or references to sources 202 that are used by a speci?ed 
transformation process 204 to generate targets 206. The 
source 202 can be relational data, legacy data, or other data. 
The target 206 can be relational data, OLAP/MDDB data, or 
other data (e.g., ?les). The Transformation process 204 can 
be SQL or a data Warehouse program. An example of a 
Transformation process 204 may be a data Warehouse pro 
gram that loads data from a source 202 into a target 206. In 
one embodiment of the present invention, the data Ware 
house program resides on a server agent 112, 114, or 116, 
and the source and target data resides on databases 118, 120, 
122, 124. 

[0054] Transformations 204 can be tWo general types. The 
?rst type of transformation is an SQL query Which performs 
a SELECT operation on the source 202 to obtain data and an 
INSERT operation on the Target 206 to place the selected 
data in the target. The second type of transformation is a 
program (e.g., a data Warehouse program) Which can extract 
data from a source 202, transform the data, and place the 
result on a target 206. 

[0055] A data Warehouse program can be either a system 
provided program (e.g., a FTP command or Load utility) or 
a user-de?ned program (i.e., the program may be created by 
the user). The data Warehouse program uses a template 
de?nition, described beloW. A data Warehouse program may 
have parameters, Which are provided to the data Warehouse 
program When it is invoked. 

[0056] After the data Warehouse program has been 
executed, the results of the execution, Which indicate 
Whether the program ran successfully and Which identify 
problems that Were encountered, are placed in the operations 
?le 208, so that a user may later reference this information. 
The operations ?le 208 may include information on the 
history of success or failure of transformations and the status 
of target contents. The scheduling 210 is done at the server 
manager 106 to schedule the business vieW for invocation, 
Which in turn invokes the data Warehouse programs for 
execution at the server agents. The scheduling 210 may be 
periodic, may cascade, or may be dependent on external 
events. 

[0057] The user can also de?ne a template 212 using a 
graphical user interface at a client computer 102 or 104. The 
template 212 contains information used by the business vieW 
200 to invoke a data Warehouse program. For example, the 
template 212 may contain parameters for the data Warehouse 
program and the name and location (i.e., Where the data 
Warehouse program is physically installed) of the data 
Warehouse program that a particular business vieW 200 is to 
invoke. The template 212 provides metadata information. 
The template 212 contains the folloWing information about 
a data Warehouse program: a business name; a physical 
name and type of the executable ?le; a description; a server 
agent at Which the data Warehouse program is installed With 
this physical name; and, a list of parameters. If the data 
Warehouse program is installed on several server agents With 
the same physical name, one de?nition is enough, With links 
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to all corresponding server agent, and, if the physical name 
is different (e.g., the ?le is in a different directory), a neW 
de?nition is required. Each parameter contains a short 
description and a default value. 

[0058] The template 212 can also include tokens for the 
parameters. Tokens are variables Which are replaced at the 
time of execution. The DWP architecture supports different 
types of tokens. The tokens can represent, for example, date 
and time, input/output (I/O) de?nitions, and runtime infor 
mation. The date and time tokens are replaced by the date 
and time at Which the Business vieW is scheduled, and the 
date and time tokens may contain the data in different 
formats (e.g., mm/dd/yy, quarters, date of Week). The U0 
de?nitions include table names, user identi?cations (“use 
rids”), and passWords associated With a resource de?ned in 
the DWP architecture). The runtime information is used for 
post-processing and may include return codes and roW 
counts. When the template 212 is processed, if a token is 
found, the token is replaced With the appropriate information 
(e.g., date or time). That is, tokens alloW for dynamic 
parameter replacements. In this manner, the DWP architec 
ture enables users to avoid retyping information in separate 
templates and prevents user input errors. The template 212 
can be used by multiple users and by different business 
vieWs 200. In one embodiment of the invention, the template 
212 resides on the control database 110. 

[0059] To use the DWP architecture, a user initially 
de?nes a business vieW 200 and de?nes a template 212. A 
user can then invoke the business vieW 200. The business 
vieW 200 initialiZes the parameters to be forWarded to the 
data Warehouse program With the parameters in the template 
212. The business vieW 200 alWays invokes a particular data 
Warehouse program With the same parameters. Then, the 
business VieW 200 invokes the data Warehouse program at 
the server agent 112, 114, 116 to transform 204 data at the 
source 202 and generate data at the target 206. The server 
agent 112, 114, 116 may store information about the execu 
tion of the data Warehouse program in an operations ?le 208 
at the server agent 112, 114, 116 and/or may forWard this 
information to the server manager 106, at Which the business 
vieW 200 resides. 

[0060] Simply put, a user de?nes a business vieW to 
identify certain sources, certain transformations, and certain 
targets. The transformations take data from the sources, 
transform the data, place the data on the targets listed, 
according to the schedule given (stored on the control 
database), and place the status of the transformation on the 
operations (i.e., history) area of the control database. 

[0061] In one embodiment of the invention, the server 
manager 106 schedules the business vieW 200 and sends a 
message to the server agent speci?ed in the business vieW 
200, on Which the data Warehouse program resides. The 
server manager 106 then sends a message to the server agent 
112, 114, 116 With the physical name of the data Warehouse 
program, its type, and a string copy of the parameter list in 
Which the tokens have been replaced by their vales. The 
server agent 112, 114, 116 issues a system call, depending on 
the type of the data Warehouse program, to start the data 
Warehouse program With the appropriate parameters. 

[0062] In one embodiment, the data Warehouse program is 
an instance of a data Warehouse program template. That is it 
is a program that is copied from a data Warehouse program 








