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MIT shares valuable lessons learned
from a su_ccessful data warehouse
Implementation

by Scott Thorne

t MIT, we have implemented a

data warehouse to provide a

eporting and data distribution
environment for departments, labs, and
centers as well as to support some of the
reporting needs of central departments.
In addition, the warehouse acts as a
hub, facilitating the exchange of infor-
mation between the institute's adminis-
trative information systems. Taking
these functions together, the warehouse
serves as MIT’s enterprise information
infrastructure.

Our data warehouse has been in
existence for about four years, but only
in the past year, as we added informa-
tion from our SAP financial system,
has it reached maturity. Currently the
warehouse includes personnel, finan-
cial, purchasing, telephone, student,
and award information. More than
1,200 registered users participate in
about 3,500 sessions a month.

This article explains why our data
warehouse is important to the MIT
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community, describes its basic func-
tions and technical design points, and
shares some of the non-technical
aspects of our data warehouse imple-
mentation that proved to be impor-
tant. Our experiences in building and
maintaining MIT's data warehouse and
the lessons we have learned in the pro-
cess may be helpful to you as you plan
your campus data warehouse.

Why a Data Warehouse?

The basic vision for our data warehouse is
to make information at MIT more acces-
sible and easier to use for a diverse group
of users in the institute community. If
people can access data easily, they will
spend less time gathering information and
more time analyzing it. Having informa-
tion from several different sources allows
people to create reports easily and use
information in new and creative ways. In
the past, similar reports would have taken
days to construct, and even if individuals
invested the time and energy to put

together information for themselves, they
could not have easily shared it. With the
technologies available today, once a user
figures out a good way to look at the
information (by generating a report defi-
nition in the query facility, for example),
they can share it easily with others.

By having information available in
this way, users are able to combine
warehouse information with local
information. This is a powerful con-
cept because it frees users from having
to recreate information available in the
warehouse so that they can focus on
information unique to them. In this
way the warehouse and local systems
complement each other.

Making data more accessible also
serves to improve data quality over
time. As people use the data, errors can
be corrected as they are found. Addi-
tionally, using the information for



more purposes helps improve the
design of future systems.

Warehouse Functions and

Characteristics

Our goal is to make all appropriate

administrative information available from

the warehouse. The two basic require-
ments we have for determining what
information goes into the warehouse are
that the information is of use to more than

one group of people and that it has a

source system of record.

MITs data warehouse has three key
characteristics:

« Many sources. The warehouse integrates
data from various administrative sys-
tems and stores them in one location.

« Read only. The information represented
in the warehouse is maintained in other
systems, called “systems of record.”

e Restructured information. The warehouse

presents data in a simple form so that

reports are easy to construct and the

warehouse easy to use.

Since the community has diverse
needs, the warehouse has been designed
to support three separate access mecha-
nisms:

1. End-user query and reporting tools. MIT
has obtained a site license for BrioQuery,
one of a large number of commercial
products in this area. Ad hoc reports are
very easily created. Standard reports can
be defined and shared easily through the
Web or an e-mail attachment.

2. Creation of file extracts. Data files can be
created and transferred from the ware-
house to local systems. In addition
database links, snapshots, and other
database-to-database transfers can be
done.

3. Custom programs. Programs can be
written to access the warehouse using

structured query language (SQL). These
can range from simple perl scripts which
just extract data to full applications writ-
ten in Powerbuilder, C, Java, and so forth.

EASY TO USE

The success of the warehouse depends on
our ability to present the data in as simple
a form as possible and to make interac-
tions with the data warehouse as straight-
forward as possible. To generate common
reports, end users have access to data that
are in an easy-to-understand and easy-to-
use structure. Unlike a traditional transac-
tional system, which minimizes the stor-
age locations of data to make updates
more efficient (normalizing), the data
warehouse duplicates data where appro-
priate so that reports can be generated
more quickly and easily. Although this
strategy uses more disk space, it makes
reporting access much easier and faster.

USER ENGAGEMENT
We have a diverse set of users at MIT.
Some people need to be able to just push
a button to get the standard report they
need. Others need to analyze information
in a much more dynamic way, asking a
series of questions (ad hoc queries) to
investigate something. We do not expect
all users to learn how to build reports
themselves, but we hope they will
become comfortable with running pre-
built queries. Then as they use and under-
stand the information they access, they
will begin creating their own reports,
hopefully sharing this work with others.
A warehouse should ultimately change
the way people use information. It takes
time for this change to happen, and peo-
ple change at different rates, so a ware-
house needs to evolve over time. At the
outset people want to be able to look at
the information in much the same way as
they are used to seeing it. Allowing them
to do this makes them become familiar
with the warehouse and have confidence
that it is providing the same information
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they are used to getting. Later they can
begin at their own pace looking at infor-
mation in new ways, such as in new lay-
outs, at different levels of aggregation, or
in exception reports.

QUALITY OF INFORMATION

The implementation of a subject in the
warehouse goes through a progression of
stages. These stages can be years long.
The quality and usefulness of data
improve through each successive stage of
implementation, from getting accurate
detailed data within a subject area, to
integrating accurately detailed informa-
tion among subject areas (for example,
combining personnel and payroll infor-
mation), to creating useful summary,
aggregate, and history information.

The quality of the information in the
warehouse must be high for users to per-
form their reporting needs. There may
be problems with data quality because
some of the data being delivered have
not been accessible to the community
before and have not been previously
reviewed and corrected. Getting the data
published and having a well-
documented procedure for making cor-
rections to data should go a long way
towards making the warehouse informa-
tion accurate.

Because the warehouse is read-only
and not updated during the day, consis-
tent reports can be generated from a sta-
ble data set. Users generating reports can
be assured that they are obtaining infor-
mation from stable data.

Technical Design Points

For easier reporting, our data warehouse
reconstructs information that comes
nightly from source systems such as SAP.
The warehouse has row-level access con-
trol that is driven from an enterprise
authorization system called Roles. Other
design features are a metadata-driven
data conversion and load process, dis-
tributed report creation, encrypted
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transport, and a system of automated
integrity checks and controls.

STAR SCHEMAS

We have organized the information in
the warehouse in star schemas. Star
schemas consist of a central fact table
joined with several dimension tables.
The fact table is extremely large and
has all the transactional data and num-
bers; the dimension tables are smaller
and have descriptive information. An
example of a fact table is our finan-
cial_detail table. Examples of dimen-
sion  tables are time_month,
gl_account, and cost_collector. The
dimensions allow a user to sort, group,
and limit the fact records easily. Since
the dimension tables are smaller, users
can display all possible values of a field
when deciding how to limit their
request. Users use many of the same
dimension tables with different fact
tables, so although it initially can seem
overwhelming most users can become
familiar with one set of tables quickly.
This type of schema is both flexible
and efficient.

Star schemas have other benefits.
Since all the amounts and details are in
the fact table, this is the only one that
usually needs row-level access control.
The dimensions can be left open and
viewable to anyone, since they have
only descriptive information like cost
collector names and numbers.

Another feature made possible by
star schemas is a flexible way of view-
ing historical information. For exam-
ple, when viewing old financial infor-
mation, do you want to see the
numbers with the account information
the way it was when it happened or
recast in the way you are organized
now? Since the descriptive informa-
tion is in the dimension table it is pos-
sible to create snapshot versions of
dimension records periodically. Then
by joining the dimension table to the

fact table using different key fields,
you can get either view from the same
fact table.

INTEGRITY CHECKS

Knowing the information in the ware-
house is a truly accurate reflection of the
source system is extremely important, as
people are going to rely on the ware-
house for reporting. Users need accurate
clear definitions of all the data presented
in the warehouse. Beyond the defini-
tions, they also need easy access to
information concerning, for example,
when the data were last loaded and from
what source, how to report errors, or
how to get changes made to a particular
field and record.

OPENNESS AND FLEXIBILITY

Direct SQL access for users gives the
data warehouse openness (ability to use a
variety of tools) and flexibility (putting
information together in new ways).
Many warehouses are designed with a
front end (such as the Web) and no
direct SQL access. Users will ultimately
be limited in how they use such a ware-
house. Viewing information is fine, but
many users actually need to capture the
data to manipulate them further on their
own or combine them with local infor-
mation. Using SQL does not preclude us
from presenting the information via the
Web or some other front-end applica-
tion in the future.

METADATA

Metadata or data about data is a critical
component in a warehouse environment.
Providing metadata has many benefits.
Users need to know what information is
available, how it is organized, and what
it means. Data transformation and load-
ing tools or programs need to know
where the data come from and how they
need to change. Both users and conver-
sion programs or tools need to know the
structure the data are going into.



Since we built our own tools for this
project, we also designed our own struc-
ture for maintaining metadata. This
allows us to do all the maintenance in
one place and avoid problems of differ-
ent representations of metadata that are
out of synch. It also allows us to design
generic programs for the conversion and
loading of the warehouse that get the
specifics from the metadata. This
enables a lot of code reuse and minimal
code changes as we make changes to
conversions and loads.

Most of the time we actually do not
write new code to implement a new sub-

ject; it is simply a matter of creating the
metadata correctly in order to automate
the loads with our existing generic pro-
grams. If an error occurs most likely it is
caused by either a data or metadata prob-
lem. Having metadata makes it easy to
change the way information is being
loaded without having to recode. The
same software gets reused in many differ-
ent places making it unlikely that a prob-
lem will remain undetected in this area.

ACCESS CONTROL

Institute data must be handled with the
proper security and access control. Data
administration policies need to be
worked out in advance and simplified as
much as possible. Our warehouse design
maintains security at the database level.
All transmissions of data across the net-
work are encrypted. Additionally, for
users to view only the information they
are allowed to see, such as their depart-
ment’s information, the warehouse pre-
sents most data through “views.” With
this scheme, users see what looks like a

table, for example, “employees.” How-
ever, in actuality, this is a view that
shows each user a different set of data
depending on the access control they
have been granted.

This is accomplished by creating
access control tables, which are joined
with the base data tables in the view. The
access control table has the user's user-
name as one field and some identifier in
the other. The identifier is also present in
the base data table. The view only
selects rows from the base table where
the identifier matches the identifier in
the access control table and the user-

name matches the person connected.
This way a single view definition could
yield all Department B employees for
Sue, while giving Tom only Department
C employees.

Not only is the maintenance reduced
but this approach allows the users to
share reporting templates and queries
easily, since the objects they are using
are the same. Because the access control
table structure and content are so simple,
these tables can be created easily or
imported from another source. Using a
view, which joins two tables, will impact
performance but this can work well on
fact tables with millions of rows and
access tables with hundreds of thousands
of entries as long as the information is
structured correctly.

ROLES SYSTEM

The variety of different systems that
sometimes contain similar information
make implementing rational, consistent
access control difficult. When each sys-
tem has separate mechanisms for estab-

lishing access it takes a great deal of
work to keep them in synch. In order to
simplify this area at MIT, we designed a
central authorization system called
Roles. This system allows for the mainte-
nance of authorizations in a single sys-
tem that can then drive the authoriza-
tions in both the system of record and
the warehouse. In our case the financial
reporting authorizations are maintained
in Roles and fed to both SAP and the
warehouse, which always keeps them in
synch. Furthermore, the interface for
maintaining them can be distributed out
to the departments, so that the people

v

who know what the authorizations

should be are the ones maintaining

them.
An enterprise access control infras-

tructure has the advantage of:

« Achieving consistent access control
over multiple systems

< Distributing the maintenance of access
controls to a person close enough to
know and care whether the authoriza-
tions are correct

e Having a simple way to maintain and
view authorizations across many systems

= Granting authorizations at the highest
possible level but enforcing them at a
detail level, which minimizes the
changes to authorizations due to
account or organizational restructuring.

Training Is Critical

Proper training is of the utmost impor-
tance to the success of a warehouse pro-
ject. At MIT we train users not only on
how to use the software tool but also
about what the information means and
how to use it and when it is appropriate
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to use the warehouse rather than to query
the transactional system.

Some users are more self-sufficient than
others, so developing different ways to
train is important. Training methods we
offer include standard hands-on classroom
training, custom-developed training for a
group of users with common needs, open
lab sessions, and one-on-one help. Overall
we have used probably half our resources
over the last two years to provide training
and we expect this to continue for the
foreseeable future.

We offer formal hands-on classroom
training to learn Brio, our warehouse soft-
ware tool. We encourage the majority of
users to attend two such classes (begin-
ning and advanced) that are offered regu-
larly by our IT training staff. We devel-
oped custom training for some special
groups such as internal auditors and per-
sonnel from the budget office so that they
could learn with information and exam-
ples that they are familiar with. There are
also quick one-hour sessions for users who
just want to run prebuilt reports. Twice a
week we have a couple of hours reserved
for an open lab session, where users can
come in with reports they are working on
and get help from the warehouse staff. It is
very helpful to us, as well, to see what peo-
ple are trying to do as we get many ideas
of fields to add and other improvements
from this interaction.

What information you base your train-
ing on is very important. If the users are
looking at real information with which
they are already familiar, then they learn
more quickly. Some people report on data
that are too sensitive to be used as a basis
for a regular training exercise; in such
cases, we produce test information that
can be used in a classroom setting.

Some Pitfalls to Avoid
From our experiences, there are a few
areas that are especially important to the
success of a warehouse project.

Not restructuring data is one of the
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most common mistakes made in ware-
house implementations. If you just move
the data to the warehouse without chang-
ing the structure all you really achieve is
offloading some reporting from the trans-
actional system. Some people argue that if
you do not keep the data the same, how
will you know that you have an accurate
representation of the source system?
There are other ways to ensure integrity,
and the benefit of doing this restructuring
work initially will save enormous amounts
of report development time and execution
time, as well as allow mere mortals to con-
struct queries.

Managing expectations is a pitfall in
every IT development project, but the
variety of subjects, users, and uses makes
expectations especially hard to manage in
a data warehouse project. The traditional
advice to “plan for success” has real mean-
ing in developing a data warehouse. While
it is important to demonstrate value with
some early results to get user buy-in
quickly, once you have demonstrated that
value, users will immediately want access
to all kinds of information. If you have not
worked out scaleable processes for han-
dling the new data and increased numbers
of users, you will not be able to meet those
expectations. Unfortunately this means
taking more time up front to design pro-
cesses that will scale. If you decide to take
a prototype approach for a quick win, you
will need to manage user expectations as to
how soon they can expect a fully opera-
tional warehouse with all the information
they need.

A lot of time and attention needs to be
given to all the various administrative sys-
tems stakeholders, who must fully partici-
pate and find the warehouse beneficial for
it to be successful. Central functional
departments traditionally have the role of
providing access to data. Getting them to
buy in to a warehouse without compro-
mising the warehouse design principles
needs to be done on a department-by-
department basis. This part of the process

cannot be rushed because without the
cooperation of these stakeholders the
warehouse effort is doomed to failure.

After Our Initial Success

The data warehouse at MIT is now enjoy-
ing some success. The usage has been
climbing steadily this past year as more
and more people have incorporated use of
the warehouse into their normal work.
The central offices that are the informa-
tion providers are finding many ware-
house advantages. They do not have to
write and maintain as many feeds now,
since people can get information directly
from the warehouse. Also, having other
ways to analyze their own data helps
uncover problems sooner. Some of their
common reports can be run against the
warehouse in far less time because of the
more efficient reporting structures.

There are many benefits to a ware-
house, the most obvious being easy, flexi-
ble, and integrated reporting. The greatest
benefits, however, can be by-products of
the effort—improving information qual-
ity, rethinking information needs, articu-
lating information access policies, and
building consensus around the meaning of
certain terms and information.

A major challenge to information qual-
ity results from combining information
from several different source systems as we
have done with our data warehouse. In the
past there was rarely a need for informa-
tion from these systems to be prepared to
combine with data from another system.
Thus we have encountered such problems
as unique identifiers on records and similar
but different data elements. So while the
majority of key subject areas exist in some
form in the MIT warehouse, most of these
subject areas still cannot be easily joined to
others because of these problems. We plan
now to turn our attention to this important
aspect of data administration. €

Scott Thorne (thorne@mit.edu) is the data administrator at
MIT.
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