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Oops! It Did It Again...

There is a recurring phenomenon in the software development industry that you have surely
experienced. I will call it the "New Thing". Like the famous silver bullet mentioned by Fred
Brooks in 1975, we are continually seeing new items being presented as a "must have" solution
to improve the software development practice. Living in a technological sector, it is normal that
we have a continuous evolution of our methods and tools and I will not discuss here of the
pertinent values of the last elements presented as "the solution du jour": Java, e-commerce, B2B
or XML to name a few of the recent ones. Some of these concepts or products have advantages,
even if few could be considered real revolutions. I would rather discuss how these items arrive
in the limelight before to fade away when a new New Thing takes the power.

This phenomenon could be amusing if it is not causing repeatedly some casualties in the IT
departments. However, these manipulations of hype also produce some concrete benefits for
some members of the software development community. Who are the people that benefit the
most from this phenomenon? First, you have the research firms. Surprisingly, the same Garfield
Group that announces that the value of the m-commerce will achieve 100 billion of dollars in
2007 has also the consultants to help you manage the transition to this new technology. Strange
coincidence? There are also the consultants and the software vendors that want to sell their new
or upgraded services and products. You will also find some company's technologists that are
very competent to on how to produce successful projects with new tools, but the only software
they really master is PowerPoint and the only people they talk to are research analyst or high
level managers. Finally, there are also the journalists. It is more easy to make headlines with the
m-commerce phenomenon (and to find consultants and vendors to interview on the subject) than
to dig on the lack of test training in the users' ranks.

We must evolve and most of us like to change and learn new things, but stop saying that a New
Thing will save the IT world. Miracles should not be linked to annual 15% maintenance fees.
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Much has been written, in this newsletter
and other publications, about the risks of e-
Business applications. "Web-time" is a
widely acknowledged phenomenon. We all
agree that quality is imperative for an e-
Business, as all the competition is just a click
away. Unfortunately, most of us can agree
that a Web startup is not an environment in
which quality testing is typically found.

Development is fast and loose. Many
developers are inexperienced. Marketing is
pushing to be beat the competition to market.
The rules change every day. An e-Business
needs to respond immediately to market
pressures. And an e-Business cannot afford
poor performance or that big revenue drain,
downtime.

I have now survived bringing quality
assurance (QA) and testing to two startups -
one an e-Business, TRIP.com, the other a
software development shop, Tensegrent. By
sharing my experiences, I will provide
guidelines for successful implementation of
QA and testing in the startup environment.

When I accepted the opportunity of being the
first test engineer at TRIP.com, the startup
consisted of 25 employees. The developers
had produced some exciting applications and
felt they were ready to "grow up and play
with the big boys." The development team
thought they were intellectually prepared to
introduce standards and procedures.

In reality, development was frenetic, and the
developers didn't have a clue as to how to
stop and analyze their processes, much less
how to impose discipline on them.

What's worse, the wide wild world of the
Web was completely new to me. I truly felt
lost in the wilderness without a map. My
background was in testing traditional

software in mid- to large-sized software
companies. I had worked on every possible
platform and operating system, tested
databases and client/server software, but
knew nothing about Internet applications. I
knew my customers' needs. I was used to
development cycles of several months -
during which your typical Web application
has gone through numerous incarnations.

Using the strategy I will outline below, I
overcame these limitations.  I collaborated
with the software and product developers
and marketing managers to implement
development standards and project processes
that build quality into the applications.
TRIP.com now employs over two hundred
people and has over four million registered
customers. It was acquired in March, 2000
for $326 million by Galileo International Inc.

Recently I moved on to Tensegrent, getting
in much earlier in the lifecycle of a startup - I
was hired in the second month of the
company's existence, the 10th employee and
the first Test Engineer. Tensegrent is
devoted to developing high-quality software
through the use of the eXtreme Programming
(XP) technique. The good news was that XP
involves intense unit and integration testing
on the part of the developers. The bad news
was that the role of the Test Engineer was
not well-defined.

Any startup or DotCom is a work in
progress. Even once we had a successful
project process at TRIP.com, we faced
continual challenges such as an inadequate
test environment. Even when the whole
company understands and is committed to
the importance of quality assurance testing,
unexpected events lead to surprises. The key
is to keep plugging away at the following
tasks:

Uncharted Territory:  Introducing QA in a Web Startup

Lisa Crispin, Senior QA Engineer, Tensegrent, http://www.tensegrent.com
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•  Get Buy-In

•  Work Smart

•  Define Processes

I. Get Buy-In

I won over my managers, developers, and
marketing counterparts by following these
tenets:

•  Identify a top manager in your
organization who believes in your cause
and will champion it. At TRIP.com, it
was the Vice President of Web
Development and Chief Cat Herder (yes,
that really was her title). When I was
hired, this person did not believe that five
developers could keep one tester busy
full time. But, in time, she became my
biggest ally. She not only pushed the
developers to work for quality, but she
also lobbied the management team for
testing resources. At Tensegrent, the staff
was actively committed to quality, but I

needed help from the General Manager
to get them on track.

•  Partner with someone outside of your
organization, such as a project or
operations manager. Educate your ally to
garner his or her help. At TRIP.com, we
had a topnotch project manager who,
once she understood what QA and testing
would do for the company, did much of
my job for me. She enforced processes
such as document review and signoff,
helped implement and police the defect
tracking system, and tied up a million
details involved with every big
production launch. She became the prime
channel of communication between
marketing and development. At
Tensegrent, our team was the whole
company, at the beginning; the team
captains were key to enforcing process.

•  Educate everyone you come into contact
with at the company about software
quality assurance: what it is and what it

http://www.componentsource.com/default.asp?MTC=METO


Quality

Methods & Tools * Spring 2001 * Page 4

will do for them and the products. Early
on at TRIP.com, I held a "Lunch 'n'
learn" professional development seminar.
The company bought lunch, so
attendance was good. I explained why
testing is essential and what it involves.
At Tensegrent, I held a similar Brown
Bag session where I demonstrated the
automated test tool to the developers.
Lots of meetings and one-on-one
encounters are needed to get everyone on
board and to establish priorities.

•  Support Information Systems, the group
that administers the production site.
These people (or person, if your
company is really small) will benefit
from not having their pager go off so
much when applications are tested before
being launched to production. The Vice
President of Technology and the IS
director at TRIP.com fully supported me
and refused to launch any update that had
not been fully tested. This kept the rest of
the organization from steamrolling over
me, giving me a chance to prove the
value of testing. I don't bug IS for the
things I can do myself, but I let them do
their job. For example, at TRIP.com, I
installed Y2K patches on the test
machines, but IS controlled all the UNIX
and NT account management.

•  Understand the developers' point of
view. You may have young, brilliant
developers who don't communicate in
ways you are accustomed to. TRIP.com's
original developers were mostly very
young and inexperienced. Some had not
finished high school!. Others weren't old
enough to drink! The culture was anti-
corporate, and they said what was on
their minds. I found that if I listened, I
learned, and they in turn were willing to
listen to my ideas. I learned everything I
now know about Web applications from
the developers themselves.

•  Celebrate success. At TRIP.com, I
presented a "Quality Hero" award each
month to a developer who took
exceptional measures to prevent defects

and improve quality. The prize was just a
Nerf gun and the developer's name
engraved on a plaque, but it raised the
visibility of high quality process and
techniques. At Tensegrent, I try to make
sure the celebratory end-of-iteration
Foosball games occur AFTER
acceptance testing is successfully
completed!

•  Brainstorm with developers and others
about problems that may not come out in
testing. For example, I didn't know that if
you change a URL, search engines may
not be able to find your site. When we
implemented a content management tool
at TRIP.com that required changing
every URL, this was important
information!

II. Work Smart

Here's my advice for making the testing
organization lean and mean. This is
especially critical in an Extreme
Programming environment or anywhere the
ratio of developers to testers is high.

•  Evaluate tools. Put as much time as you
can into tool evaluation, such as those for
automated testing, defect tracking, and
configuration management. Identify the
vendors who can help you the most, and
get as much information from them as
you can. Ask fellow testers for their
recommendations and experiences.
Install new tools and try them out. Select
tools that are appropriate for you and
your company. It doesn't do any good to
buy a tool you don't have time to learn
how to use, especially if your testing
team is small. I ended up choosing tools
that are lesser known but still meet our
needs. For example:

•  For automated testing, both
TRIP.com and Tensegrent use
WebART (www.oclc.org/webart), an
inexpensive, easy-to-learn, but
powerful tool sold by OCLC Inc. (a
non-profit company). The vendor
gave me valuable advice and
provided insights about Web testing.
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Pick everyone's brain, including
vendors!

•  For defect tracking at TRIP.com, we
chose a Web-based tool, TeamTrack
(now called TTrack), from a startup
company called TeamShare . It, also
was far less expensive than its
competitors, but it was easy to
implement and customize. At
Tensegrent, which is a brand-new
startup on a small budget, we use the
free Bugzilla successfully.

•  For configuration management, at
TRIP.com we again turned to a
smaller, innovative company which
produces an inexpensive, easy to
implement and learn yet robust tool,
Perforce. At Tensegrent, we use
freeware, CVS - it lacks some
features, but the development team is
small and can work around its
drawbacks more easily.

•  These tools won't necessarily meet
your needs - just be open and creative
when evaluating tools. Investigate
alternatives - for example, if you
create unit tests to reproduce each
bug you find in testing, you may not
even need a defect tracking system!

•  Design automated tests that work for
you.

Automated acceptance tests at
Tensegrent and TRIP.com use the
following criteria to provide useful tests
with minimum resources:

•  Modular and self-verifying to keep
up with the pace of development in
"Web-time".

•  Verify the minimum criteria for
success. Make sure the developers
write comprehensive unit tests.
Acceptance tests can't cover every
path through the code.

•  Perform each function in one and
only one place to minimize
maintenance time.

•  Contain modules that can be

reused, even for unrelated projects

•  Do the simplest thing that works.
This XP value applies as much to
testing as to coding.

•  Report results in easy-to-read
format. Create easy-to-read reports
from your test results and post them
so that everyone can monitor status
and keep the project on track. The
project team will gain confidence as
they see the percentage of successful
tests increases.

In addition, the developers try to design
the software with testability in mind.
This might mean building hooks into the
application to help automate acceptance
tests. Push as much functionality as
possible to the backend, because it is
much easier to automate tests against a
backend than through a user interface.

•  Search the Web for resources. I would
have quit TRIP.com after a week if I had
not found an excellent Web site that
points to information about testing Web
applications and lists of tools. These
sites, in turn, led me to more tools and
information Here are some examples:

www.softwareqatest.com/index.html

Everything from basic definition and
articles on how to test Web applications
to comprehensive lists of Web tools to
links to other informative sites.

www.kaner.com/writing.htm

Articles by Cem Kaner

www.crl.com/~zallar/testing.html#Kerry

long lists of associations, vendors, tools,
training, reference information,
conferences, interesting papers.

www.testingcraft.com/cgi-
bin/wiki.cgi?FrontPage

a Wiki forum for exchanging test
techniques and the related

www.egroups.com/group/testingcraft-discuss

User conferences are invaluable for both
information-gathering and networking.
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•  Hire good help. It proved impossible at
first to find experienced test engineers in
our area, so at TRIP.com we hired bright
but inexperienced people with the right
qualities that make good test engineers:
enthusiasm, dedication to the end user,
and determination. A caveat:
inexperienced testers who have no
programming experience have a harder
time learning a scripting language for an
automated test tool. However, by using a
combination of outside classes, hiring
consultants and patient, one-on-one
training, our testers learned UNIX, SQL,
test scripting, HTML, configuration
management, and other technical skills.
You're going to spend money either way
- paying high salaries for experienced
test engineers, or training novice testers.
Once you've turned them into pros,
remember to keep them challenged,
happy and well-compensated so other
companies don't poach them!

•  Get input about quality from all
departments in the company. At
TRIP.com, I formed a quality board with
members from sales, marketing,
customer support and travel to gather
fresh ideas about error prevention and
prioritization of regression testing.
Whenever a crisis occurred, we held a
quality review panel where
representatives from development and
information systems heard short
presentations from the people who
experienced and fixed the problem. The
panel studied the issues and
recommended steps to prevent such
problems from recurring. This was a big
effort and to be truthful, it was difficult
to get follow-through. But give it a try.
We also held post-mortems after all
major launches to see what lessons could
be learned. By employing these methods,
we learned some valuable lessons!

•  Insist on a test environment that is
exact replica of, but is entirely
independent from, production. You can't
emulate a production load without the
equivalent of production hardware and

software. Since the production
architecture is likely to change in
response to increased traffic and other
considerations, this is a moving target.
The test environment will need to be
updated in synch with the production
environment. The architecture is key too.
If the production servers are clustered,
your testing had better be done in a
clustered environment. If part of an
application runs on a stand-alone
machine, it must do so in your test
environment.  Establishing and keeping
up development, test and production
environments was a huge challenge.
Even when the entire company is sold on
the idea of a proper test environment,
there are business and technical reasons
(read: excuses) that get in the way of
reproducing the production environment
in for testing . Don't be complacent, and
never give up. Make sure you have the
best test environment you can get for
each application going into production,
and work actively with your information
systems team to get the environment you
really need. Even small applications can
deceive you. For example, at TRIP.com
we launched a simple application,
SantaTracker, on Christmas Eve so
kiddies could watch Santa's sleigh fly
around the country. The test environment
was broken, so we were not able to test
on the same architecture that it was to
run in production, but we weren't
concerned. After all, it should have
worked exactly like our regular
FlightTracker application! Right?
Wrong! It was a disaster!

•  In short: Dig your heels in and refuse to
launch until some semblance of a test
environment is established. Remember, it
is harder to get the test environment once
the new application is in production.
Make it a requirement of release.

•  Learn about the development tools
and processes. They present their own
quality issues and offer some solutions,
too. For example, the first version of our
content management tool did not have
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any version control. It took more than a
year to upgrade to the release that offered
this capability, and even then it didn't
enforce version control. We had to
constantly police the process to ensure
that developers version their code. The
software on which our Java applications
were based had complex configuration
parameters we didn't fully understand
when we first put it into production. We
had tested our intelliTRIP product with a
production load in terms of transactions
per second, but never with a realistic
number of concurrent users. As a result,
the servers kept crashing on the first day
we put it in production. If we had
understood the configuration and the user
session management parameters better in
our Java-application management tool
better, we could have prevented this
problem. At Tensegrent, a deep
understanding of the XP process has
proved to be essential. A project can go
off track in a matter of days. My job is to
help keep it on track by participating in
development as much as possible.

III. Define Processes

Collaborate with your counterparts to
formalize your processes:

•  Get control of the production
environments. Work with your
information systems team to create a
production update procedure. When I
started at TRIP.com, developers
launched their own changes to
production. It was hard to wean them
away from this bad habit. Even after we
thought we had implemented good
production update procedures, we lacked
the discipline to enforce it under
pressure.  For example, since we did not
have good configuration management, it
became impossible to build baselines of
intelliTRIP, so developers would simply
move new classes into production to fix
problems. Only after two years were we
able to require developers  to build
scripts and installation documentation
before we accepted any software from

development for testing.  At Tensegrent,
we started this good habit at the
beginning.  If you can get in on the very
start of a start-up, implementing best
practices is much easier.

•  Get involved from the beginning of each
project. This is hard work. It forces you
to juggle many tasks, but it is essential.
See Figure 1 for a sample overview of a
project process.  Participate in all
documentation reviews: Those for
requirements, functional specifications,
and design specifications. Make sure the
documents are complete and clear. Look
for ambiguities, gaps, lack of detail. All
parties, including marketing,
development, test, customer support,
sales must agree on a vision for the
product. This vision is a short phrase that
describes the main thrust of the product.
With intelliTRIP, development and test
were told to produce a server-side
version of the original client-side product
as quickly as possible. Sales and
marketing believed that the purpose of
the product was to quickly locate fares
from airline Websites. Since
development and test wasn't told that part
about quickly, and was focused only on
time to market, we released the product
even though we knew that is was
sometimes slow to return results. This
type of disconnect can be prevented by
including a vision statement in the
requirements.

•  Define quality. Work with marketing
and product development to define
quality for each product: Should the
priority be good, fast, or cheap? (You
can only have two of the three!) Even if
you choose fast, don't sacrifice the
process. At TRIP.com, we once
implemented a promotion that marketing
believed to be simple and wanted to rush
to production. Since the product manager
did not hold documentation reviews and
get signoff, the HTML pages produced
by the developers had to be changed
three times. This took much longer than a
documentation review meeting. There is
no need to get bogged down in process
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either. If you find that is happening,
change the process, or train people how
to use it properly.

•  Document the internal processes of both
test and development. You can't expect
marketing and product development to
follow best practices if you don't do it
yourself. At TRIP.com, one of the
development directors, with the help of
the technical writer, led an effort to
define and document the development
process. An aside: No matter the size of
the company, unless you are using a
lightweight technology such as Extreme
Programming, you need at least one
experienced, skilled technical writer in
your development organization. See

Figure 2 for a sample Software
Development process.

•  Enforce the process. If your QA team is
large enough, dedicate one person to
administering and enforcing
configuration management and delivery
of installation scripts and documentation.
At TRIP.com, we expanded this
Configuration Manager role to that of a
deployment engineer who works closely
with developers to produce the builds
and installation procedures.  Don't accept
software to test if it is not accompanied
by all the documentation and software
you need to promote, test, and launch it
to production.

Project
Placed in
Production

Project
Evaluation

Define

Design

Develop

Deploy

Key Deliverables
- Concept Proposal
- Business Requirements
- Technical Approach

Key Deliverables
- Functional Requirements
- UI Design
- System Design
- Test Plan
- Project Plan

Key Deliverables
- Product
- Acceptance Test Results

Key Deliverables
- Launch Announcements
- Product Support
- Project Evaluation

Figure 1: Sample Project Process Overview
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•  Innovate! Look for new ways to present
documentation such as functional
specifications. Web applications require
a new approach. You have creative
people at your company who can help!
Get input from as many different groups
as you can. If your company really wants
to get innovative, consider lightweight
methodologies such as Extreme
Programming (see
www.extremeprogramming.org.). These
methodologies can meet the need to get
to market quickly, accommodate rapidly
changing requirements but still release a
high quality product.

Summary - As You Grow

All companies change as they grow beyond
the 'startup' size and environment. My team
and I endured countless frustrations when
fast growth at TRIP.com repeatedly led to
temporary chaos. As your organization
grows, educate new employees about project
process and quality practices. Listen to them;
take advantage of their fresh outlook and
new ideas. Take the initiative. If a gap

results from a re-organization, fill it yourself.
For example, when we were temporarily
without a project management function in
the company, the TRIP.com development
director and I set up a weekly tactical
meeting with representatives from all
departments so that everyone could stay
informed and juggle resources. Quality
assurance can be a frustrating job, especially
in a Web startup. Pick your battles. Keep
striving for better quality. Above all, enjoy
the experience!

System
Design

Development
Implementation

Code
Review

Unit Test

Finalize
Baseline
Documents

Integration
Test

Code
Module
Freeze

Project
Code
Freeze

Project
Certification

Final
Test

Project
Placed in
Production

Project
Evaluation

Figure 4:  Sample Development Process
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Introduction

When it comes to providing reliable, flexible
and efficient object persistence for software
systems, today's designers and architects are
faced with many choices. From the
technological perspective, the choice is
usually between pure Object-Oriented,
Object-Relational hybrids, pure Relational
and custom solutions based on open or
proprietary file formats (eg. XML, OLE
structured storage). From the vendor aspect
Oracle, IBM, Microsoft, POET and others
offer similar but often-incompatible
solutions.

This article is about only one of those
choices, that is the layering of an object-
oriented class model on top of a purely
relational database. This is not to imply this
is the only, best or simplest solution, but
pragmatically it is one of the most common,
and one that has the potential for the most
misuse.

We will begin with a quick tour of the two
design domains we are trying to bridge:
firstly the object-oriented class model as
represented in the UML, and secondly the
relational database model.

For each domain, we will look only at the
main features that will affect our task. We
will then look at the techniques and issues
involved in mapping from the class model to
the database model, including object
persistence, object behaviour, relationships
between objects and object identity. We will
conclude with a review of the UML Data
Profile (as proposed by Rational Software).
Some familiarity with object-oriented
design, UML and relational database
modelling is assumed.

The Class Model

The Class Model in the UML is the main
artefact produced to represent the logical
structure of a software system. It captures the
both the data requirements and the behaviour
of objects within the model domain. The
techniques for discovering and elaborating
that model are outside the scope of this
article, so we will assume the existence of a
well designed class model that requires
mapping onto a relational database.

The class is the basic logical entity in the
UML. It defines both the data and the
behaviour of a structural unit. A class is a
template or model from which instances or
objects are created at run time. When we
develop a logical model such as a structural
hierarchy in UML we explicitly deal with
classes.

When we work with dynamic diagrams, such
as sequence diagrams and collaborations, we
work with objects or instances of classes and
their inter-actions at run-time.

The principal of data hiding or encapsulation
is based on localisation of effect. A class has
internal data elements that it is responsible
for. Access to these data elements should be
through the class's exposed behaviour or
interface. Adherence to this principal results
in more maintainable code.

Behaviour

Behaviour is captured in the class model
using the operations that are defined for the
class. Operations may be externally visible
(public), visible to children (protected) or
hidden (private).

Database Modelling in UML

By Geoffrey Sparks, sparks@sparxsystems.com.au
Sparx Systems, http://www.sparxsystems.com.au
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By combining hidden data with a publicly
accessible interface and hidden or protected
data manipulation, a class designer can
create highly maintainable structural units
that support rather than hinder change.

Relationships and Identity

Association is a relationship between 2
classes indicating that at least one side of the
relationship knows about and somehow uses
or manipulates the other side. This
relationship may by functional (do
something for me) or structural (be
something for me). For this article it is the
structural relationship that is most
interesting: for example an Address class
may be associated with a Person class. The
mapping of this relationship into the
relational data space requires some care.

Aggregation is a form of association that
implies the collection of one class of objects
within another. Composition is a stronger
form of aggregation that implies one object
is actually composed of others. Like the
association relationship, this implies a
complex class attribute that requires careful

consideration in the process of mapping to
the relational domain.

While a class represents the template or
model from which many object instances
may be created, an object at run time
requires some means of identifying itself
such that associated objects may act upon the
correct object instance. In a programming
language like C++, object pointers may be
passed around and held to allow objects
access to a unique object instance.

Often though, an object will be destroyed
and require that it be re-created as it was
during its last active instance. These objects
require a storage mechanism to save their
internal state and associations into and to
retrieve that state as required.

Inheritance provides the class model with a
means of factoring out common behaviour
into generalised classes that then act as the
ancestors of many variations on a common
theme. Inheritance is a means of managing
both re-use and complexity. As we will see,
the relational model has no direct
counterpart of inheritance, which creates a

PersonPersonPersonPerson

- Address:  CAddress
# Name:  String
# Age:  double

+ getAge() : int
+ setAge(n)
+ getName() : String
+ setName(s)

Class attributes : 
the encapsulated 
data

Class operations: 
the behaviour

Attributes and operations define the state of an object at 
run-time and the capabilities or behaviour of the object

PersonPersonPersonPerson

A simple person class 
w ith no state or 
behaviour show n

Figure 1. Classes, attributes and operations
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dilemma for the data modeller mapping an
object model onto a relational framework.

Navigation from one object at run time to
another is based on absolute references. One
object has some form of link (a pointer or
unique object ID) with which to locate or re-
create the required object.

The Relational Model

The relational data model has been around
for many years and has a proven track record
of providing performance and flexibility. It
is essentially set based and has as its
fundamental unit the 'table', which is
composed of a set of one or more 'columns',
each of which contains a data element.

Tables and Columns

A relational table is collection of one or
more columns each of which has a unique
name within the table construct. Each
column is defined to be of a certain basic
data type, such as a number, text or binary
data. A table definition is a template from
which table rows are created, each row being
an instance of a possible table instance.

Public Data Access

The relational model only offers a public
data access model. All data is equally
exposed and open to any process to update,
query or manipulate it. Information hiding is
unknown.

Behaviour

The behaviour associated with a table is
usually based on the business or logical rules
applied to that entity.

Constraints may be applied to columns in the
form of uniqueness requirements, relational
integrity constraints to other tables/rows,
allowable values and data types.

Triggers provide some additional behaviour
that can be associated with an entity.
Typically this is used to enforce data
integrity before or after updates, inserts and
deletes.

Database stored procedures provide a means
of extending database functionality through
proprietary language extensions used to
construct functional units (scripts). These
functional procedures do not map directly to

ParentParentParentParent

PersonPersonPersonPerson

ChildChildChildChild

Association captures 
a having or using 
relationship between 
classes

A class hierarchy 
showing a generalised 
person class from 
which other classes 
are derived

FamilyFamilyFamilyFamilyAggregation captures the concept of 
collection or composition between classes

The main relationships we are 
interested in are Association, 
Aggregation and Inheritance. These 
describe the ways classes interact 
or relate to each other

2 1..n

Figure 2. UML Class model notation
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entities, nor have a logical relationship to
them.

Navigation through relational data sets is
based on row traversal and table joins. SQL
is the primary language used to select rows
and locate instances from a table set.

Relationships and Identity

The primary key of a table provides the
unique identifying value for a particular row.
There are two kinds of primary key that we
are interested in: firstly the meaningful key,
made up of data columns which have a
meaning within the business domain, and
second the abstract unique identifier, such as
a counter value, which have no business
meaning but uniquely identify a row. We
will discuss this and the implications of
meaningful keys later.

A table may contain columns that map to the
primary key of another table. This
relationship between tables defines a foreign
key and implies a structural relationship or
association between the two tables.

Summary

From the above overview we can see that the
object model is based on discrete entities
having both state (attributes/data) and
behaviour, with access to the encapsulated
data generally through the class public
interface only. The relational model exposes
all data equally, with limited support for
associating behaviour with data elements
through triggers, indexes and constraints.

You navigate to distinct information in the
object model by moving from object to
object using unique object identifiers and
established object relationships (similar to a
network data model). In the relational model
you find rows by joining and filtering result

PersonPersonPersonPerson ID DocumentID DocumentID DocumentID Document

ShareShareShareShare

AddressAddressAddressAddress

A Person may 
reside at zero 
or more 
addresses

An Address may 
have zero or 
more Persons in 
residence

A Person is composed of 
a strict set of ID 
documents (having n 
elements)

A Person may 
own a set of 
Shares

Three forms of the Aggregation relationship. The weak form is 
depicted with an unfil led diamond head, the strong form 
(composition) with a fi l led head.

n1

0..n

0..1

0..n 0..n

Figure 3. Aggregation Relationships
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sets using SQL using generalised search
criteria.

Identity in the object model is either a run-
time reference or persistent unique ID
(termed an OID). In the relational world,
primary keys define the uniqueness of a data
set in the overall data space.

In the object model we have a rich set of
relationships: inheritance, aggregation,
association, composition, dependency and
others. In the relational model we can really
only specify a relationship using foreign
keys.

Having looked at the two domains of interest
and compared some of the important features
of each, we will digress briefly to look at the
notation proposed to represent relational data
models in the UML.

The UML Data Model Profile

The Data Model Profile is a proposed UML
extension (and currently under review - Jan
2001) to support the modelling of relational
databases in UML. It includes custom
extensions for such things as tables, data
base schema, table keys, triggers and
constraints. While this is not a ratified
extension, it still illustrates one possible
technique for modelling a relational database
in the UML.

Tables

Cus tom erCus tom erCus tom erCus tom er

A table in the UML Data Profile is a class
with the «Table» stereotype, displayed as
above with a table icon in the top right
corner.

Columns

Cus tom erCus tom erCus tom erCus tom er

PK OID:  int
Name:  VARCHAR2
Address:  VARCHAR2

Database columns are modelled as attributes
of the «Table» class. For example, the figure
above shows some attributes associated with
the Customer table. In the example, an object
id has been defined as the primary key, as
well as two other columns, Name and
Address. Note that the example above
defines the column type in terms of the
native DBMS data types.

Behaviour

So far we have only defines the logical
(static) structure of the table; in addition we
should describe the behaviour associated
with columns, including indexes, keys,
triggers, procedures & etc. Behaviour is
represented as stereotyped operations.

The figure below shows our table above with
a primary key constraint and index, both
defined as stereotyped operations:

Cus tom erCus tom erCus tom erCus tom er

PK OID:  int
Name:  VARCHAR2
Address:  VARCHAR2

+ «PK» idx_customer00()
+ «index» idx_customer01()

Note that the PK flag on the column 'OID'
defines the logical primary key, while the
stereotyped operation "«PK»
idx_customer00" defines the constraints and
behaviour associated with the primary key
implementation (that is, the behaviour of the
primary key).



UML

Methods & Tools * Spring 2001 * Page 15

Adding to our example, we may now define
additional behaviour such as triggers,
constraints and stored procedures as in the
example below:

Cus tom erCus tom erCus tom erCus tom er

PK OID:  int
Name:  VARCHAR2
Address:  VARCHAR2

+ «PK» idx_customer00()
+ «FK» idx_customer02()
+ «Index» idx_customer01()
+ «Trigger» trg_customer00()
+ «Unique» unq_customer00()
+ «Proc» spUpdateCustomer()
+ «Check» chk_customer00()

The example illustrates the following
possible behaviour:

1. A primary key constraint (PK);

2. A Foreign key constraint (FK);

3. An index constraint (Index);

4. A trigger (Trigger);

5. A uniqueness constraint (Unique);

6. A stored procedure (Proc) - not formally
part of the data profile, but an example of
a possible modelling technique; and a

7. Validity check (Check).

Using the notation provided above, it is
possible to model complex data structures
and behaviour at the DBMS level. In
addition to this, the UML provides the
notation to express relationships between
logical entities.

Relationships

The UML data modelling profile defines a
relationship as a dependency of any kind
between two tables. It is represented as a
stereotyped association and includes a set of
primary and foreign keys.

The data profile goes on to require that a
relationship always involves a parent and
child, the parent defining a primary key and

the child implementing a foreign key based
on all or part of the parent primary key.

The relationship is termed 'identifying' if the
child foreign key includes all the elements of
the parent primary key and 'non-identifying'
if only some elements of the primary key are
included. The relationship may include
cardinality constraints and be modelled with
the relevant PK - FK pair named as
association roles. Figure 4 illustrates this
kind of relationship modelling using UML.

The Physical Model

UML also provides some mechanisms for
representing the overall physical structure of
the database, its contents and deployed
location. To represent a physical database in
UML, use a stereotyped component as in the
figure below:

« D a ta b a s e »

MainOr aDBMainOr aDBMainOr aDBMainOr aDB

A component represents a discrete and
deployable entity within the model. In the
physical model, a component may be
mapped on to a physical piece of hardware (a
'node' in UML).

To represent schema within the database, use
the «schema» stereotype on a package. A
table may be placed in a «schema» to
establish its scope and location within a
database.

 

«schema»
UserUserUserUser

Child
Grandchild
Grandparent
Parent
Person
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Mapping from the Class Model to the
Relational Model

Having described the two domains of interest
and the notation to be used, we can now turn
our attention as to how to map or translate
from one domain to the other. The strategy
and sequence presented below is meant to be
suggestive rather than proscriptive - adapt
the steps and procedures to your personal
requirements and environment.

1. Model Classes

Firstly we will assume we are engineering a
new relational database schema from a class
model we have created. This is obviously the
easiest direction as the models remain under
our control and we can optimise the
relational data model to the class model.

In the real world it may be that you need to
layer a class model on top of a legacy data
model - a more difficult situation and one
that presents its own challenges. For the
current discussion will focus on the first
situation. At a minimum, your class model
should capture associations, inheritance and
aggregation between elements.

2. Identify persistent objects

Having built our class model we need to
separate it into those elements that require
persistence and those that do not. For

example, if we have designed our application
using the Model-View-Controller design
pattern, then only classes in the model
section would require persistent state.

3. Assume each persistent class maps to
one relational table

A fairly big assumption, but one that works
in most cases (leaving the inheritance issue
aside for the moment). In the simplest model
a class from the logical model maps to a
relational table, either in whole or in part.
The logical extension of this is that a single
object (or instance of a class) maps to a
single table row.

4. Select an inheritance strategy

Inheritance is perhaps the most problematic
relationship and logical construct from the
object-oriented model that requires
translating into the relational model. The
relational space is essentially flat, every
entity being complete in its self, while the
object model is often quite deep with a well-
developed class hierarchy.

The deep class model may have many layers
of inherited attributes and behaviour,
resulting in a final, fully featured object at
run-time. There are three basic ways to
handle the translation of inheritance to a
relational model:

ParentParentParentParent ChildChildChildChild

An identifying relationship between child and parent, with role names 
based on primary to foreign key relationship.

PK_PersonID

2 «identifying»

FK_PersonID

0..n

Figure 4. UML relationship
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1. Each class hierarchy has a single
corresponding table that contains all the
inherited attributes for all elements - this
table is therefore the union of every class
in the hierarchy. For example, Person,
Parent, Child and Grandchild may all
form a single class hierarchy, and
elements from each will appear in the
same relational table;

2. Each class in the hierarchy has a
corresponding table of only the attributes
accessible by that class (including
inherited attributes). For example, if
Child is inherited from Person only, then
the table will contain elements of Person
and Child only;

3. Each generation in the class hierarchy
has a table containing only that
generation's actual attributes. For
example, Child will map to a single table
with Child attributes only

There are cases to be made for each
approach, but I would suggest the simplest,
easiest to maintain and less error prone is the
third option. The first option provides the
best performance at run-time and the second
is a compromise between the first and last.

The first option flattens the hierarchy and
locates all attributes in one table - convenient
for updates and retrievals of any class in the
hierarchy, but difficult to authenticate and
maintain. Business rules associated with a
row are hard to implement, as each row may
be instantiated as any object in the hierarchy.

The dependencies between columns can
become quite complicated. In addition, an
update to any class in the hierarchy will
potentially impact every other class in the
hierarchy, as columns are added, deleted or
modified from the table.

tbl_Parenttbl_Parenttbl_Parenttbl_Parent

AddressOID:  VARCHAR
Name:  VARCHAR

PK OID:  VARCHAR
Sex:  VARCHAR

ParentParentParentParent

- OID:  GUID
# Name:  String
# Sex:  Gender

+ setName(String)
+ getName() : String
+ setSex(String)
+ getSex() : String

AddressAddressAddressAddress

- OID:  GUID
# City:  String
# Phone:  String
# State:  String
# Street:  String

+ getCity() : String
+ getStreet() : String
+ setCity(String)
+ setStreet(String)

tbl_Addresstbl_Addresstbl_Addresstbl_Address

City:  VARCHAR
PK OID:  VARCHAR

Phone:  VARCHAR
State:  VARCHAR
Street:  VARCHAR

The Address association from the logical model becomes 
a foreign key relationship in the data model

A Parent class with unique ID (OID) 
and Name and Sex attributes maps to 
a relational table.

The Address class in the logical 
model becomes a table in the 
data model

<<realises>>

m_Address 0..n

1

<<realises>>

Figure 5. Class to Table mapping
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The second option is a compromise that
provides better encapsulation and eliminates
empty columns. However, a change to a
parent class may need to be replicated in
many child tables. Even worse, the parental
data in two or more child classes may be
redundantly stored in many tables; if a
parent's attributes are modified, there is
considerable effort in locating dependent
children and updating the affected rows.

The third option more accurately reflects the
object model, with each class in the
hierarchy mapped to its own independent
table. Updates to parents or children are
localised in the correct space. Maintenance is
also relatively easier, as any modification of
an entity is restricted to a single relational
table also. The down side is the need to re-
construct the hierarchy at run-time to
accurately re-create a child class's state. A
Child object may require a Person member
variable to represent their model parentage.
As both require loading, two database calls
are required to initialise one object. As the
hierarchy deepens, with more generations,
the number of database calls required to
initialise or update a single object increases.

It is important to understand the issues that
arise when you map inheritance onto a
relational model, so you can decide which
solution is right for you.

5. For each class add a unique object
identifier

In both the relational and the object world,
there is the need to uniquely identify an
object or entity.

In the object model, non-persistent objects at
run-time are typically identified by direct
reference or by a pointer to the object. Once
an object is created, we can refer to it by its
run-time identity. However, if we write out
an object to storage, the problem is how to
retrieve the exact same instance on demand.

The most convenient method is to define an
OID (object identifier) that is guaranteed to
be unique in the namespace of interest. This

may be at the class, package or system level,
depending on actual requirements. An
example of a system level OID might be a
GUID (globally unique identifier) created
with Microsoft's 'guidgen' tool; eg.
{A1A68E8E-CD92-420b-BDA7-
118F847B71EB}. A class level OID might
be implemented using a simple numeric (eg.
32 bit counter).

If an object holds references to other objects,
it may do so using their OID. A complete
run-time scenario can then be loaded from
storage reasonably efficiently.

An important point about the OID values
above is that they have no inherent meaning
beyond simple identity. They are only
logical pointers and nothing more. In the
relational model, the situation is often quite
different.

Identity in the relational model is normally
implemented with a primary key. A primary
key is a set of columns in a table that
together uniquely identify a row. For
example, name and address may uniquely
identify a 'Customer'. Where other entities,
such as a 'Salesperson', reference the
'Customer', they implement a foreign key
based on the 'Customer' primary key.

The problem with this approach for our
purposes is the impact of having business
information (such as customer name and
address) embedded in the identifier. Imagine
three or four tables all have foreign keys
based on the customer primary key, and a
system change requires the customer primary
key to change (for example to include
'customer type'). The work required to
modify both the 'customer' table and the
entities related by foreign key is quite large.

On the other hand, if an OID was
implemented as the primary key and formed
the foreign key for other tables, the scope of
the change is limited to the primary table and
the impact of the change is therefore much
less.
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Also, in practice, a primary key based on
business data may be subject to change. For
example a customer may change address or
name. In this case the changes must be
propagated correctly to all other related
entities, not to mention the difficulty of
changing information that is part of the
primary key.

An OID always refers to the same entity - no
matter what other information changes. In
the above example, a customer may change
name or address and the related tables
require no change.

When mapping object models into relational
tables, it is often more convenient to
implement absolute identity using OID's
rather than business related primary keys.
The OID as primary and foreign key
approach will usually give better load and
update times for objects and minimise
maintenance effort. In practice, a business
related primary key might be replaced with:

1. A uniqueness constraint or index on the
columns concerned;

2. Business rules embedded in the class
behaviour;

3. A combination of 1 and 2.

Again, the decision to use meaningful keys
or OID's will depend on the exact
requirements of the system being developed.

6. Map attributes to columns

In general we will map the simple data
attributes of a class to columns in the
relational table. For example a text and
number field may represent a person's name
and age respectively. This sort of direct
mapping should pose no problem - simply
select the appropriate data type in the
vendor's relational model to host your class
attribute. For complex attributes (ie.
attributes that are other objects) use the
approach detailed below for handling
associations and aggregation.

7. Map associations to foreign keys

More complex class attributes (i.e. those
which represent other classes), are usually
modelled as associations. An association is a
structural relationship between objects. For
example, a Person may live at an Address.
While this could be modelled as a Person has
City, Street and Zip attributes, in both the
object and the relational world we are
inclined to structure this information as a
separate entity, an Address.

In the object domain an address represents a
unique physical object, possibly with a
unique OID. In the relational, an address
may be a row in an Address table, with other
entities having a foreign key to the Address
primary key.

In both models then, there is the tendency to
move the address information into a separate
entity. This helps to avoid redundant data
and improves maintainability.

So for each association in the class model,
consider creating a foreign key from the
child to the parent table.

8. Map Aggregation and Composition

Aggregation and composition relationships
are similar to the association relationship and
map to tables related by primary-foreign key
pairs. There are however, some points to
bear in mind.

Ordinary aggregation (the weak form)
models relationships such as a Person resides
at one or more Addresses. In this instance,
more than one person could live at the same
address, and if the Person ceased to exist, the
Addresses associated with them would still
exist. This example parallels the many-to-
many relationship in relational terminology,
and is usually implemented as a separate
table containing a mapping of primary keys
from one table to the primary keys of
another.
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A second example of the weak form of
aggregation is where an entity has use or
exclusive ownership of another. For
example, a Person entity aggregates a set of
shares. This implies a Person may be
associated with zero or more shares from a
Share table, but each Share may be
associated with zero or one Person. If the
Person ceases to exist, the Shares become
un-owned or are passed to another Person. In
the relational world, this could be
implemented as each Share having an 'owner'
column which stored a Person ID (or OID) .

The strong form of aggregation, however,
has important integrity constraints associated
with it. Composition, implies that an entity is
composed of parts, and those parts have a
dependent relationship to the whole. For
example, a Person may have identifying
documents such as a Passport, Birth
Certificate, Driver's License & etc. A Person
entity may be composed of the set of such
identifying documents. If the Person is
deleted from the system, then the identifying
documents must be deleted also, as they are
mapped to a unique individual.

If we ignore the OID issue for the moment, a
weak aggregation could be implemented
using either an intermediate table (for the
many-to-many case) or with a foreign key in
the aggregated class/table (one-to-many

case). In the case of the many-to-many
relationship, if the parent is deleted, the
entries in the intermediate table for that
entity must also be deleted also. In the case
of the one-to-many relationship, if the parent
is deleted, the foreign key entry (i.e. 'owner')
must be cleared.

In the case of composition, the use of a
foreign key is mandatory, with the added
constraint that on deletion of the parent the
part must be deleted also. Logically there is
also the implication with composition that
the primary key of the part forms part of the
primary key of the whole - for example, a
Person's primary key may composed of their
identifying documents ID's. In practice, this
would be cumbersome, but the logical
relationship holds true.

9. Define relationship roles

For each association type relationship, each
end of the relationship may be further
specified with role information. Typically,
you will include the Primary Key constraint
name and the Foreign Key Constraint name.
Figure 6 illustrates this concept. This
logically defines the relationship between the
two classes. In addition, you may specify
additional constraints (e.g. {Not NULL}) on
the role and cardinality constraints (eg. 0..n).

CustomerCustomerCustomerCustomer

PK OID:  int
Name:  VARCHAR2
Address:  VARCHAR2
Salesperson:  int

+ «PK» PK_Customer()
+ «FK» FK_SalesPerson()

SalespersonSalespersonSalespersonSalesperson

PK OID:  int
Name:  VARCHAR2
Department:  VARCHAR2

+ «PK» PK_Salesperson()

Relationships are based on the PK- FK pair. This example relates a Salesperson to a
Customer by the appropriate primary and foreign keys. The assumption is that a
customer may only be associated with one salesperson.

PK_Salesperson

1

FK_Salesperson

0..*

Figure 6. Table relationships in UML
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10. Model behaviour

We now come to another difficult issue:
whether to map some or all class behaviour
to the functional capabilities provided by
database vendors in the form of triggers,
stored procedures, uniqueness and data
constraints, and relational integrity.

A non-persistent object model would
typically implement all the behaviour
required in one or more programming
languages (e.g. Java or C++). Each class will
be given its required behaviour and
responsibilities in the form of public,
protected and private methods.

Relational databases from different vendors
typically include some form of
programmable SQL based scripting language
to implement data manipulation. The two
common examples are triggers and stored
procedures. When we mix the object and
relational models, the decision is usually
whether to implement all the business logic
in the class model, or to move some to the
often more efficient triggers and stored
procedures implemented in the relational
DBMS.

From a purely object-oriented point of view,
the answer is obviously to avoid triggers and
stored procedures and place all behaviour in
the classes. This localises behaviour,
provides for a cleaner design, simplifies
maintenance and provides good portability
between DBMS vendors. In the real world,

the bottom line may be scaling to 100's or
1000's of transactions per second, something
stored procedures and triggers are purpose
designed for. If purity of design, portability,
maintenance and flexibility are the main
drivers, localise all behaviour in the object
methods.

If performance is an over-riding concern,
consider delegating some behaviour to the
more efficient DBMS scripting languages.
Be aware though that the extra time taken to
integrate the object model with the stored
procedures in a safe way, including issues
with remote effects and debugging, may cost
more in development time than simply
deploying to more capable hardware.

As mentioned earlier, the UML Data Profile
provides the following extensions
(stereotyped operations) with which you can
model DBMS behaviour:

•  Primary key constraint (PK);

•  Foreign key constraint (FK);

•  Index constraint (Index);

•  Trigger (Trigger);

•  Uniqueness constraint (Unique);

•  Validity check (Check).

11. Produce a physical model

In UML, the physical model describes how
something will be deployed into the real
world - the hardware platform, network

http://www.datewise.com/mt
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connectivity, software, operating system,
DLL's and other components. You produce a
physical model to complete the cycle - from
an initial use case or domain model, through
the class model and data models and finally
the deployment model.

Typically for this model you will create one
or more nodes that will host the database(s)
and place DBMS software components on
them. If the database is split over more than
one DBMS instance, you can assign
packages («schema») of tables to a single
DBMS component to indicate where the data
will reside.

Conclusion

This concludes this short article on database
modelling using the UML. As you can see,
there are quite a few issues to consider when
mapping from the object world to the
relational. The UML provides support for
bridging the gap between both domains, and
together with extensions such as the UML

Data Profile is a good language for
successfully integrating both worlds.
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«schema»
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sys_aliases
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sys_queries
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sys_users
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Grandparent

Parent

Person

«Database»

MainOraDBMainOraDBMainOraDBMainOraDB

A Node is a physical piece of hardware (such as a Unix server) on which components are deployed. The
database component in this example is also mapped to two logical «schema», each of which contains a
number of tables.

Figure 6. The Physical Model
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A quick summary guide to data modelling in UML

1. Create a class model for your development domain

2. Identify persistent classes from the model

3. Assume each persistent class in the model will map to one relational table

4. Select a suitable inheritance strategy for each class hierarchy

5. For each class add a unique ID (OID) or select a suitable primary key

6. For each class map simple data types to table columns

7. For each class, map complex attributes (association, aggregation) to PK/ FK pairs. Take
special note of the strong and weak forms of aggregation.

8. For related classes, map PK, FK pairs naming the role ends according to selected key.

9. Label relationship roles with their appropriate cardinality and stereotype: <<identifying>>
or <<non-identifying>>

10. Add stereotyped operations for table behaviour (keys, indexes, uniqueness, checks, and
triggers)

11. Divide persistent classes into logical schema

12. Create a deployment model and link database components to physical nodes
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