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Introduction

If you are standing in your favorite booksellers, flipping thorough this book because it is a WROX book, |
know you are probably thinking, “Hey, where is all of the code, and settings and such like?” Well, thisis not
exactly that kind of book. (Not that there is anything wrong with that kind of book; | alone have a gaggle of
them around my desk.) What | wanted to put together in this case was a database design book that balances on
the thin line between the very implementation-oriented SQL Server books, where all they are concerned with
are DBCC settings, index options and all of the knobs and handles on SQL Server, and the truly academic
tomes that exist which go deep into the theory of databases, but provide little or no practical information.

This book covers the process of implementing a database from the point where someone mentions to you that
they want a database, all the way through to generating tables and implementing access to these tables. This
includes taking normalization of tables all the way to beyond fifth normal form.

The mission of this book is simple; to implement the world’s first chain book, where if you buy
ten copies of my book and send it to ten of your best friends, and instruct them to do the same,
I will be able to buy a real nice computer with a DVD player.

The real mission is not so straightforward though. | have reviewed lots of people’s code over the years, and no
matter how well the object models, supporting code, or even documentation was put together, the database
generally ranged from bad to horrible. My desire is to provide the information database architects need to
make building proper databases possible. For anyone who has had the pleasure of having to read a college
database textbook, you know that they can be a bit on the dry side; in fact as dry as the Mohave Desert in a
drought. Thisis actually too bad, since much of the information contained between the coversis useful and
relevant.

So my mission re-stated is to end the communication breakdown between the egghead geniuses and we working
programmers, in order to provide the necessary knowledge in away applicable to the real world.



Introduction

What's Covered in this Book

Thisisabook of two halves. The first covers the logical design of databases, and the second looks at the
physical design and implementation. Each of these sections begins with an introductory page, containing a
general overview, then a summary of the areas covered chapter by chapter. We won'’t reproduce this material
here, instead please refer directly to these pages.

Who Should Read this Book?

Not every chapter of this book is necessarily relevant for everyone and parts of it will not appeal to every
programmer. | wish it did, because there is stuff in every chapter that will enrich their ability to design and
implement databases. However, thisis a breakdown of what will be valuable to whom.

Database Architect
If you are already a database architect, who is responsible for gathering requirements and designing databases,

with involvement/responsibility for implementation, then please read the entire book, possibly skipping the
third chapter on afirst reading.

Database Implementer
If you are only involved in the implementation of databases, a good part of this book will interest you, so that
you understand the reasons why the “insane” data architect wants to implement a database with fifty tables
when you think it needs only three.

A first reading might include Chapter 5 on Data Modeling, Chapters 6 and 7 on Normalization, then the entire
Part 11 of the book. This section describes all of the techniques for implementing database systems.

Database Programmer
If you primarily write SQL Server code then much less of this book will be interesting to you as afirst read. A

good reading plan will include Chapter 5 on Data Modeling, Chapters 6 and 7 on Normalization, then Chapters
9 and 10 on implementing a database, followed by Chapters 11 and 12 on accessing data.

What You Need To Use this Book

For the first half of the book, we will be discussing logical data modeling. There are no software requirements
for working through this part of the book.

In the latter half dealing with physical design, the only requirement for working through the examplesis an
installed copy of SQL Server 2000 and the Query Analyzer tool that comes with it. This can be any edition of
SQL Server (Personal Edition upwards), as long as you can connect with Query Analyzer. Y ou will need a
database which you can access with a user that is a member of the db_owner role, as we will be creating all
objects as the database owner.

If you do not have a copy of SQL Server, an evaluation edition is available on Microsoft’s SQL Server
website at www.microsoft.com/sql.
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Conventions Used

You are going to encounter different styles as you are reading through this book. This has been done to help
you easily identify different types of information and to help you keep from missing any key points. These
styles are:

Important information, key points, and additional explanations are displayed like this
to make them stand out. Be sure to pay attention to these when you find them.

General notes, background information, and brief asides ook like this.

0O  Keysthat you press on the keyboard, like Ctrl and Delete, are displayed in italics

0O  If you see something like, Back upDB, you’'ll know that it is a filename, object name or function
name

0O  Thefirst time you encounter an important word, it is displayed in bold text

0O  Words that appear on the screen, such as menu options, are in a similar font to the one used on
screen, for example, the File menu

Thisis how code samples look the first time they are introduced:

Private Sub Command_Cl i ck
MsgBox “Don’t touch nme”
End Sub

Whereas code that you' ve already seen, or that doesn’t relate directly to the point being made, looks like this:

Private Sub Command_Click
MsgBox “Don’t touch nme”
End Sub

Customer Support

We want to know what you think about this book: what you liked, what you didn’t like, and what you think
we can do better next time. Y ou can send your comments, either by returning the reply card in the back of the
book, or by e-mail (to f eedback @w ox. com). Please be sure to mention the book title in your message.

Wrox has a dedicated team of support staff, so if you have any questions please also send them to the above e-
mail address.

Source Code

Full source code for examples used in this book, can be downloaded from the Wrox web site at:
http://www.wrox.com.
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Errata

We've made every effort to make sure that there are no errorsin the text or the code. However, to err is
human, and as such we recognize the need to keep you informed of any mistakes as they’ re spotted and
corrected. Errata sheets are available for all our books at www.wrox.com. If you find an error that hasn’t
already been reported, please let us know.

p2p.wrox.com

For author and peer support join the SQL Server mailing lists. Our unique system provides programmer to
programmer ™ support on mailing lists, forums and newsgroups, all in addition to our one-to-one e-mail
system. Be confident that your query is not just being examined by a support professional, but by the many
Wrox authors and other industry experts present on our mailing lists. At p2p.wrox.com you'll find alist
specifically aimed at SQL Server developers that will support you, not only while you read this book, but also
as you start to develop your own applications.

To enroll for support just follow this four-step system:
1. Goto p2p.wrox.com.
2. Click on sql_server as the type of mailing list you wish to join, then click on Subscribe.
3. Fill in your details and click on Subscribe.
4. Reply to the confirmation e-mail.

Why this System Offers the Best Support

Y ou can choose to join the mailing lists or you can receive them as a weekly digest. If you don’t have the time,
or facility, to receive the mailing list, then you can search our online archives. Junk and spam mails are
deleted, and your own e-mail address is protected by the unique Lyris system. Any queries about joining or
leaving lists, or any other queries about the list, should be sent to listsupport@wrox.com.

10
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Part | — Logical Design

Logical database design is one of the most important tasks in any database project, and yet is probably also the
least well understood. This part of the book specifically hopes to change that by mixing a little database theory
with some practical advice, as well as considering some common techniques that are often overlooked.

In this section we lay the foundations for the physical implementation of our design in the second half of the
book and in doing so cover the following material:

O

Chapter 1 Introduction to Database M ethodologies — Asits name implies, a brief introduction
to the different database methodologies that are commonly used to implement a fully featured
database system, such as OL TP databases, Data Warehouses, Operation Data Stores and Data
Marts.

Chapter 2 Gathering Information for a Database Project — In this chapter we give an overview
of the process of determining the requirements that the users will have of the database system, by
looking at some of the more obscure places where important data hides.

Chapter 3 Fundamental Database Concepts — A basic understanding of the concepts of relational
theory is fundamental to the process of database design and is considered here. Thiswill provide a
basis for the development of our design.

Chapter 4 Entities, Attributes, Relationships, and Business Rules — In this chapter we will begin
the process of turning the information gathered in Chapter 2 into alogical design of our relational
database, in particular by devising the entities we will require.

Chapter 5 Data M odeling — Once we have discovered objects, we need to have away to display
and share the information with programmers and users. The data model is the most effective tool for
depicting database design information.
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14

Chapter 6 Normalization Techniques — Normalization is the process of taking the information we
gathered in Chapter 2, and developed in Chapter 4 and Chapter 5, and turning it into a well
structured draft of the data model. In this chapter we consider the normalization rules we must
follow in designing a well-structured model for our system.

Chapter 7 Advanced Normalization Topics — This chapter builds on the previous one by
extending the basic normalization techniques beyond those familiar to most programmers. In this
way we are able to fine-tune our logical design so asto avoid, asfar asis possible, any data
anomalies.

Chapter 8 Ending The Logical Design Phase — Once we have designed the “ perfect” database, we
need to return to the original specifications to ensure that the data we expect to store will serve the
data needs of the users. By this point many programmers are ready to code away, but it isimportant
to finish off the logical design phase, by double checking our model and its documentation to try
and minimize the level of changes required when we come to physically implementing it.



Part | — Logical Design
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Introduction to Database
Methodologies

Introduction

Database design can be thought of as an interesting blend of art and science. The science of database design is
well established, with a number of mature methods for designing database structures (such as normalization)
which have been around for a long time. In fact they are almost ancient in computing terms, and it’s not too
difficult to follow these rules when designing your database. As we will see, it is also relatively
straightforward to translate such a design into SQL Server tables.

However, unless you are designing a very small database system, this isn’t the end of the task. The art of

database architecture is brought in when we need to incorporate distribution, clustering, redundancy, 24/7
support, stored procedures, triggers, constraints, integrity etc. into our database solutions. There isn’t a set
method for physically implementing a database, and that can make it tricky to decide what method is best.

This book will try to present good techniques that will hopefully help you to design better databases. I aim to
present the information in a way which is clear enough for novices, but at the same time helpful to even the
most seasoned professional.

One thing should be made clear before we go too much further. The design and architecture of a database is a
very different role to those of database setup and administration. For example, as a data architect, I seldom
create users, perform backups, or indeed set up replication or clustering, etc. This is the job of the DBA. When
I worked for smaller shops, these types of tasks were in my domain, but I never felt I did a very good job of
them.



Chapter 1

In this book we will be looking in depth at how to design, architect and implement the SQL Server database
tables and their accompanying access methods; but we won’t go into as much detail when we cover the
physical hardware, system software, and other aspects of a database system.

History of Database Structure

18

The structure of databases has changed significantly in the last few decades. Originally, there wasn’t any
choice but to structure databases in ways optimized for the limited hardware on which they were stored. In the
early 1970’s E.F. Codd, a mathematician by training and at the time a researcher for IBM, introduced a new
concept which was destined to change forever the way in which data would be stored. His principles of what
would become the relational model were way ahead of their time. Many programmers liked his ideas, but
couldn’t implement them due to hardware limitations.

Codd’s research is realized in his three rules of Normalization. These rules have been expanded on since Codd’s
original work, and we will explain all of the well accepted normalization rules later in Chapters 6 and 7. While I
will make no direct reference to his works, nearly every bit of relational database theory is built upon his now
classic paper “A Relational Model of Data for Large Shared Data Banks”. Whilst you could simply read this
paper, or indeed C.J. Date’s An Introduction to Database Systems (widely regarded as the industry “bible”), these
tend to be very dry and academic. I am going to present the important ideas in a real-world way which is relevant
to the database designer, and easy for him to digest.

“A Relational Model of Data for Large Shared Data Banks” may be found at
http://www1.acm.org/classics/nov95/toc.html.

Relational database theory has continued to evolve, and stricter and stricter rules regarding database structure
have been formulated, by E.F. Codd and others. These rules are very valuable and are in general use today, but
the relational model has not been in practical use for as long as the theory has existed. We will discuss the
model and its advantages in detail later on, but for now, just take it that normalization requires an increase in
the number of database tables, and any refinements to Codd’s theory further increases the number of tables
needed. Because of the extra hardware requirement this brings about, it has not been easy to sell the benefits
of greater normalization to typical database programmers. Add to this the fact that a large number of tables
with large numbers of joins bogged down the database server hardware and software of the 1980’s and 1990’s,
and it’s not hard to see why database developers failed to properly structure their databases, as much from
technological limitations as from lack of understanding.

Fortunately, recent advances in technology mean that things are looking up. Hardware has improved by leaps
and bounds in the past ten years, and database server software has been improved using algorithms that have
actually been around for twenty years, but weren’t used due to the previously discussed hardware limitations.
Optimizations to database servers for specific uses such as OLTP and OLAP, plus the fact that Microsoft
completely rewrote SQL Server to work optimally with both Windows and the Intel platforms in the past few
years has given rise to incredible performance and reliability increases. These factors, along with operating
system refinements and concepts such as data warehousing (discussed later in this chapter), have produced
database servers that can handle structuring data in a proper manner, as defined thirty years ago.
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Databases built today are being designed to use better structures, but we still have poorly designed databases
from previous years. Even with a good basic design, programming databases can prove challenging to those
with a conventional programming background in languages such as C, C++ or Visual Basic. This is because
the relational programming language, SQL, requires the programmer to rethink the whole programming
paradigm: sets and relations instead of ifs and loops. One SQL statement can expand to hundreds, if not
thousands, of lines of procedural code, and in some cases, it does. This is not to say that Transact-SQL (T-
SQL), the language of SQL Server, does not have support for loops, and all of the other basic programming
language constructs, but even in T-SQL, the more work we offload onto the relational engine, the better. The
other problem with SQL that is worth mentioning is that it is relatively easy to learn the basics, and as such it
is typically not taken as seriously as other “real” programming languages. However, programming complex
SQL is not easy, and so should not be taken lightly.

This chapter aims to introduce the reader to the basic concepts behind database paradigms, in particular the
differences between OLTP and OLAP databases, as well as taking a look at the difference between both SQL
and T-SQL and procedural programming languages, with the aim that in the future we will only have well
designed databases.

OLTP and Data Warehousing

An Online Transactional Processing (OLTP) database is probably what most people are thinking of when
they talk of a database, as it deals with the current data needed for the business operations. Data Warehousing
is a wonderful, relatively new breed of database paradigm that allows for extremely complex reporting by
building repositories for historical data separate from the transactional data. By allowing us to keep large
quantities of historical data, it empowers the users to investigate long range trends in business history, whilst
avoiding any performance hits for transactional activities.

There is a tremendous difference between these two paradigms, which can be summarized as follows:

O  Online Transaction Processing (OLTP) systems deal with data that is used for transactions. The
database is optimized to respond quickly to the insertion of new data, or the modification/deletion of
existing data. It is designed to be responsive even when the amount of data is very large, and there
are a large number of transactions.

O Data Warehousing solves issues which OLTP systems have in producing reports. OLTP systems
have always been sluggish in reporting, since they are optimized to deal with constant modification
of the stored data. When reporting, we may want to query and perform calculations on large
amounts of data, and this can seriously reduce the responsiveness of our database. In addition, data
updates in the middle of a report may lead to a different outcome. Data warehouses overcome this
by storing the data in a manner which is efficient for complex queries — the data is optimized for a
defined set of questions. Also, it is a recent history of the data that is stored — you don’t query the
actual, live, version of the data, but a copy which is read only to the user.

This is a little bit simplistic but should be effective in giving you the basic explanation of the differences

between OLTP and Data Warehousing. In the following section, we will break down the different modules that
make up each of these technologies.
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The Four Modules of the Modern Database System

Over the past ten years or so there has been a lot of discussion about how corporate data should be structured.
We will look at one of the major designs that have been agreed upon by many database experts. The approach
is to break down the entire system into functional modules that serve different needs, instead of just forcing a
single technology to perform all the tasks. The different modules are:

0 OLTP — The OLTP database stores current data — that’s to say data which the database needs to run
its business; it’s only necessary to keep a small amount of history.

O  Operational Data Store (ODS) — Consolidated data used for day to day reporting. Such data is
frequently consolidated from several disparate sources, with some degree of pre-aggregation
performed, in order to save query time.

O Data Warehouse — Grand data store for holding nearly all organization data and its history.

O Data Mart — Specialized data store optimized for aggregations, used for specific situations, and held
as a subset of the data warehouse Data marts are generally processed using a technology known as
Online Analytical Processing (OLAP).

Referring to these as modules may seem incorrect, but the term module is used here to indicate that they are
each part of an integrated database system. Each module plays a very different role. For one reason or another
not every database system will require every module. The two biggest factors in choosing which are necessary
are the amount of data that needs to be stored, and concurrency (which defines how many users will be
accessing the data at any given time). Smaller systems may be able to handle the reporting load without
building costly additional modules to handle reporting needs. The only problem is to define what constitutes a
smaller system? Chapter 9 will deal specifically with these issues in some detail.

Let’s now look a little more closely at the four modules we introduced above.

OLTP

The OLTP database contains the data used in everyday transactions in the process of conducting business. It
has transient qualities in that it reflects current processing, and serves as the source where data about the
enterprise resides. It is characterized by having any number of concurrent users creating, modifying, and
deleting data. All corporate data should be stored or have been stored (in the case of historical data) in an
OLTP database.

The structure of the OLTP data store is built using normalization, the special structuring method mentioned
earlier. Normalization reduces the amount of redundant data, helping to prevent modification anomalies — such
as would occur if you had the customer address stored in two places in the database, and only altered it in one.
Normalization is covered in detail in Chapters 6 and 7.

A primary goal of the OLTP database is integrity of current corporate data. This is achieved by following two
important principles:

O  Storing each current piece of data in a single place where it can be edited, so that any change is
reflected everywhere else that it is used.

0O  Providing transactional support, so that multiple database alterations all have to take place together.
If one of the alterations in the transaction fails, none of the others should be allowed to occur. The
rest of the transactions up to that point should be rolled back.
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A side effect of this, however, is that querying to find useful information can be laborious due to the strict
structure of the data. As the OLTP database is designed with transactional performance and integrity in mind,
data is stored in a manner that allows it to be written, but not necessarily read, efficiently. The user will often
have to query numerous tables to get a meaningful set of information. This book focuses on the structure and
implementation of an OLTP database. For smaller (there is that term again!) systems you may only need to
implement this type of database.

As an example of the use of OLTP type databases, consider a bank that has customers with various amounts
of money stored in their accounts. The bank will typically have a database that contains the names and contact
information of all its customers. The bank is also likely to have many distributed databases to handle all of the
different account types and monetary transactions its customers make. It might seem like all of this data could
be located in the same database, but, since a bank has tremendous amounts of data about monetary transactions
spanning different branches, different states and even different countries, as well as a large body of contact
information about its customers, it is more likely that these details will be held on separate databases. The
bank may also have databases (or the same database if it is so inclined) for prospective customer contact
information, etc. Each of these databases would be an OLTP type database.

Banking systems are among the most complex OLTP databases in today’s global economy. Whilst it is easy
for you to use an ATM card anywhere in the world, without (in all probability) ever being able to withdraw
more money than you actually have in your account, a massive distributed OLTP database system is required
to accomplish this.

I ought to clarify what I mean by a transaction before I move on. OLTP databases do not only have to deal
with monetary or numeric transactions. The term transaction refers to the mechanism by which you are able to
ensure referential integrity (in other words, preserving the defined relationships between tables when records
are entered or deleted) and atomicity (the concept that something should act as a single unit). For a database,
this means that you have a known set of outcomes depending upon whether one operation (or a group of
operations) fails or succeeds. We will cover transactions and how you will use them in your database code in
Chapter 12. The most important thing to understand is that one of the main characteristics of OLTP databases
is the employment of mechanisms to keep the data contained in them from being corrupted by anything the
user does.

Operational Data Store (ODS)

The idea of the ODS is to have a database where all of the data you need to run your business on a day-to-day
basis is located. A limited amount of historical data may be stored depending upon your requirements.

The ODS is designed to try and address some of the problems associated with the OLTP concept which can be
summarized as follows:

O  OLTP databases generally have a complicated structure with many tables. The data structures can be
quite complex to understand, and querying information may require creative use of the SQL
language. In my experience, novice query writers may bring an OLTP system to its knees by writing
inefficient queries due to a lack of understanding of the inner workings of SQL Server.

O Many OLTP databases have a large number of detailed records. Day-to-day operations probably
don’t require access to every transaction created during the day, but will likely need to be able to
obtain summations of the data. If you ran multiple queries on the OLTP system, all of the
transactions would need to be re-calculated every time a query was made.
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0O  Not all data is stored in a single source. A typical organization may have data important to the
operation of the business stored in many data sources. Much as we would like to see it change,
much of the world’s data is still housed on mainframes in non-relational databases written in
COBOL.

In the ODS, data is consolidated from all the disparate sources in an organization, and summarized as needed.
It can be refreshed as frequently or infrequently as required. The data is characterized by having few, if any,
allowable user-modifications, with a moderate amount of history maintained to handle the day-to-day
questions and show short term trends.

In the bank scenario, the ODS would likely have all of the transactions for the past day, and possibly the past
week or month, stored in a manner where a simple query would show you any answers you wanted. Some
aggregated data may be stored if it is frequently needed. For example, an account list might be stored where a
customer’s current account balance for the previous day is viewable. This kind of data could then be queried
by the customer to see their balance for the previous day, as well as any transactions that have been cleared.
Hence the entire account need not be summarized every time the customer wants to see their account
information. Additionally, notices could be sent based on the data from the summarized rolling account
balances.

Storing summarized data is not a requirement for the ODS. It may just be necessary to make a set of tables that
are simpler to query, so that the users can perform ad hoc enquiries. A great example of ODS is a database
placed on notebook computers for sales staff who are on the road, or in PDAs for people who walk/work
around the office, and don’t have a permanent desk. Hence the goal of the ODS can be met by providing users
with Operational Data and keeping them up-to-date on the short term trends that they need for making daily
decisions.

Data Warehouse

22

The primary use of the data warehouse is to support decision making, by storing as much historical
information from the organization as is necessary. Decision support is a pretty generic term that refers to
being able to answer the difficult questions about how an enterprise is doing. Better decisions can be made
when more data specific to the needs of the user is available to be looked through, summarized, and queried. A
proper decision support system can form the “intelligence hub” for an organization. For example, if the sales
group in your company was able to see sales trends over a ten year period, correlated with the current
advertising models in use at any given time, it would certainly be better than having a single year of the same
data. Or a month for that matter. Another goal of the data warehouse, as with the ODS, is to separate the active
transactional processing from the reporting aspects of the database system, so that we can do more intensive
querying that will not affect our users’ ability to create and access the data in our OLTP systems.

An older copy of the data from the OLTP database is stored in the data warehouse. The frequency of updating
the information is based on the amount of data, the needs of the users, and the time available to do the copying.
This data is stored in a manner efficient for querying — this is a different structure to that which is efficient for
modifications. No modification should ever be made to the data in the warehouse; any changes should be made
to the operational database. The only time that the warehouse changes is when it gets the most up-to-date set
of information from the operational database. You should also never use the data to ask questions that require
an up-to-date exact answer. The data warehouse is used solely for historical analysis of data.
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A comprehensive data warehouse would take several years’ worth of data from all heterogeneous sources
within an organization — such as legacy mainframe systems, SQL Server and Oracle databases — and transform
it into a single database using common structures. In this manner, the valuable data from legacy databases in
an organization can be combined with all of the newer, well-structured databases (as well as third-party
databases that are used for various tasks) into one common set of structures which can be used to mine the
information needed to make decisions. For instance, human resources data could come from one third party
system, general ledger from another, and router IP addresses from a third. All of these databases may supply a
piece of the puzzle that will provide your users with the complete picture they need to make a decision.

As will be discussed later, one of the most important things you have to consider when you are designing the
entire database system is the potential range of questions that may be asked. While many questions can be
answered directly from the OLTP database (“What is customer X’s current account balance?””) many will have
to be pushed out to a data warchouse (“Over the past year, what is the average amount of money customers
have debited or credited to their accounts in ATM’s in each region of the country”). The data warehouse is an
ideal place to bring together difficult-to-associate data in a manner that your users can deal with.

A data warehouse is a tremendous undertaking — not to be taken lightly. It should not be considered just a
quick item to build. You will likely want to bring in data from many disparate sources, some of which may
change as time passes, especially when the data comes from third party sources (new vendor for the HR
database, new version of another system, and, my favorite, systems from companies your own company has
just acquired are but a few examples).

While the banking data warchouse is likely to be huge, it would probably be used heavily by the bank’s sales
and marketing teams. They would use the data to answer questions such as which of their programs has
worked best when, and what kinds of programs to implement when. The actuarial staff would probably look at
the data to see trends in interest rates vs. foreclosures. Having such a vast collection of information in a
database makes the new technologies available in SQL Server 2000 so important to data warehousing.

Data Marts

A data mart is a distinctive segment of a data warehouse and usually pertains to either the specific needs of a
division or department, or a specific business purpose within an organization. It is built using special database
structures known as star or snowflake schemas. Star schemas are actually simple databases, with a single fact
table (a table containing information that can be summarized to provide details regarding the history of the
operation of the organization) connected to a set of dimension tables that categorize the facts in the fact tables.
It should be noted that the data in the fact table is primarily numeric. Snowflake schemas are simply an
extension of star schemas where the fact tables may also be dimension tables.

The other important term from data marts that we must introduce are cubes. A cube is another of those fairly
strange terms, but it describes how the OLAP tools technology organizes the dimension tables of our star or
snowflake schema. The dimensions of the fact table are described by the dimensions of the cube, whilst each
cell of data in the cube represents a fact containing a level of detail for the different dimensions of the cube.
Consider the following three questions:

O How many viewers in total were there of our website in 2000?
O How many viewers in total of our website were there in 2000 and what areas did they visit?

O  What kinds of viewers of our website in 2000 did we have and what areas did they visit?
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Each of these questions will use a different number of dimensions to solve the problem. Our fact table
would be concerned with a numeric count of users at a low level, and the dimension tables would be used to
group and slice the data according to a user’s needs. The cubing mechanisms can be used to pre-aggregate
the answers to parts or all of the questions that a user might ask, in order to make answering the question
quicker for the users. An in depth explanation of these data structures is beyond the scope of this book.
More details can be found in “Professional SOL Server 2000 (Wrox Press, ISBN 1861004486) and
“Professional Data Warehousing with SOQL Server 7.0 and OLAP Services” (Wrox Press, ISBN
1861002815).

Data marts may use SQL Server (though they do not have to) to store their data, but the data is not
necessarily accessed using classic SQL commands (though when SQL Server is used to store the
dimensional data it is an option). Data marts usually use OLAP servers to do much of the aggregation prior
to the user asking for the data. There exists an SQL-like language to access the data in a data mart
(Multidimensional Expressions or MDX), though technically it does not work directly against

the data mart data. However, data is usually accessed using a tool with no coding. Suitable tools include
Microsoft Excel, Microsoft Access, Cognos Impromptu, and Lotus Approach to name but a few. The data in
data marts is read-only by definition (save for the processes that periodically refresh it, of course).

The main purpose of the data mart is to show trends, regional or any grouping of data that the user may want,
by separating the contents of a massive data warchouse into smaller segments that are reasonable to access and
manage. Each data mart will be architected in such a manner as to solve a very specific set of problems.

Consider the example of an online bookseller. A data mart that their marketing department would no doubt
want to have would deal with products sold. The main fact table would contain numeric sales figures, such as
quantity of items sold, and their price. Then dimensions would be modeled for the date of sale; where on the
site the user got the information (did they search directly for the item, did they do a general author search, or
did we entice them to purchase by flashing their information on the screen); the customer information (where
were they from, what kinds of personal information did they give); and finally the products that were
purchased. From this information we can see what sales were made over a quarter to persons in Topeka, or any
other combination of the dimensions, and so build vague, or very specific, queries to answer questions. In the
case of our OLTP databases, this would take hundreds of lines of SQL code (and I can verify this from painful
personal memories).

In the banking example, data architects (or indeed end users) may create specific data marts for different
users of the data warehouse. For instance, a marketing user may have a data mart with banking customers
segregated by income level, region of the country, payment amounts, interest amounts, and on-time
information. From this, queries can be formulated showing the customers from each region, by each income
level, who made their payments on time, for which interest level. This could be very powerful information
when formulating new deals with special rates in different parts of the country.

Architecture
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The overall architecture of the final database solution will vary depending on the size of the problem you are
trying to solve. In the following diagram, we take a typical larger system, and break it down so we can see the
flow of data through the full database solution.
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You will notice that there are a lot of data marts scattered about the diagram. Data marts are easiest to build
from the data warehouse, since the data warchouse already has historical information, but they can be built at
any step along the way.

Note that we take our source data in the legacy databases and OLTP databases and transform it for use in the
ODS. In reality, we do somewhat the same thing in every step of the process, from the ODS to the data
warehouse, and on to the data marts. Generally, once you have transformed it into an ODS-like format, you
won’t have to make too many changes to get the data into the data warehouse format. Actual scenarios may
vary from situation to situation.

Case Study

Throughout the book, we will create a case study looking at the process of developing a database. This will
incorporate all aspects of design, from the initial design ideas, through interviewing clients, modeling the
database, creating it using SQL Server, choosing hardware, and building access to it.

The topic of the case study will be a personal checking account register. While the actual amounts of data that
will be stored in the resulting databases (which are located on the Wrox website at Wwww. wr 0x. com) will be
much smaller than might normally require advanced data warehousing, it is merely a manageably sized
example.

The choice of a checking register gives just enough leeway to show many of the different types of
relationships, structural problems, etc. that will be encountered when creating a real database. Some level of
multi-user functionality can be incorporated into the design by having an interface for multiple checking
account users to enter debits and credits at the same time. This will allow us to consider the design and
implementation of the ODS database, the use of SQL Server utilities to perform the tasks of extracting data
from the OLTP databases, transforming the data into a different form, and loading that data into the data mart
(generically known as ETL for Extract, Transform, and Load) .
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Relational versus Procedural Programming

The paradigm of relational programming is so different from procedural programming that it will cause plenty
of grief if the differences are misunderstood. Relational programming is all about specifying what you want,
then letting the relational engine do all of the work, and procedural programming is all about efficient looping.
The primary relational language (and the only one we will be considering from now on) is SQL. It is assumed
that you, the reader, have experience in using SQL, as we will be presenting all of our examples in T-SQL, the
language of Microsoft SQL.

Whilst there are differing opinions as to the breadth of difference between the two paradigms, the different
methodologies which each entails mean that careful thought must be given to which is most appropriate to the
task in hand.

In Chapter 3 we will be looking at the basics of relational theory in more depth and how it relates
to SQL.

Looping

26

In procedural programming, the primary way to access data is by looping through arrays of data. We can
imagine a program written so that the programmer executes a SELECT statement to fill an array of data from
one table (call it out er Tabl e), and then executes a SELECT statement to get an array of data from another
table (call it i nner Tabl e). He may then find the information he’s after by using two nested loops as in the
following:

For Each row In outer table
For Each row In innerTable
‘ ...check for sone equality then do sone action
Next row I n innerTable
Next row In outerTable

This code is what SQL Server does behind the scenes when it queries two tables. But it is extremely bad
programming practice to write a routine like this, as the following SQL code performs the same query.

SELECT *
FROM i nner Tabl e
JO N out er Tabl e
ON i nner Tabl e. key = out er Tabl e. key

SQL Server is optimized to perform this operation, and the server has a higher performance than the client.
Whilst this is a simple code example, the same principles are involved when performing complex queries — it’s
always best to offload as much work as is possible onto the server. This is called joining the tables. The
resulting set of data returned by the query can be further filtered and refined by modifying the selection
parameters.

It is important to learn to let SQL Server do as much as possible, since it is made for the purpose of
manipulating data alone. This is especially important because some queries in a well structured database can
include ten, twenty, or even more tables. The more tables involved, the harder it is to implement SQL without
using joins (as joins are the representation of tables relationships). In Chapters 10, 11, and 12 we will use SQL
is some depth, as we look at how to build and access our data in the databases we will create. This book is
certainly not a SQL reference manual; it rather focuses on how to apply SQL statements within database
design.
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A good understanding of the SQL language is essential in order to manipulate data in a relational database,
and enable the development of software that accesses such data. Procedural programmers that ignore this
reality will simply not develop well-performing applications. Just as you use a hammer to drive a nail and a
saw to cut wood, you need to use all the tools at your disposal (including both procedural and relational
languages) to get the job done right. For good reading on this subject try the following books:

O  Instant SOL Programming (Wrox Press ISBN 1874416508)
O  Professional SOL Server 2000 Programming (Wrox Press ISBN 1861004486)

O  The Essence of SOL : A Guide to Learning Most of SOL in the Least Amount of Time, (Peer to Peer
Communications, ISBN 0964981211)

Network Access

One of the primary reasons you need to implement proper SQL code is network access. SQL database
applications are inherently distributed between two or more computers. Currently, it is pretty rare to have a
single user SQL database where the user works on the same computer as the data is located on. While this may
not always be true (with SQL Server 2000 having its Microsoft Data Engine and CE versions to enable single
user systems) the focus of our book will be on multi-user systems that involve two or more computers.
However, all examples in the book can be implemented and tested on any edition of SQL Server.

To implement the looping example in the previous section, every row in the i nner Tabl e and out er Tabl e
would have to be retrieved over a network connection to the client. If the table was large, this would likely be
a very slow operation, even on a relatively fast network.

The efficiency gained by utilizing the processor resources of the server allows multiple users to access the data
quicker than if the work was performed on the client machines, not to mention that the amount of data that
must be shuffled across the network will be smaller, minimizing the effect of network access speed. Although
well designed systems will centralize processing, you often find that poorly performing applications are
attempting to do the work that the database engine was designed to do.

An Overview of SQL Server Database Design
Process

The process of designing a proper database system has a few things in common with designing efficient
computer systems of any kind.

O  Itis arelatively straightforward task
0O It can be very time consuming

O It seldom is done with the kind of vigor that is required

As we will contend over and over throughout the book, the database is the central focus in a large percentage
of the computer systems that are being created today. Even in systems that do not focus on the database there
is usually a requirement for some form of data storage. In this book we concentrate primarily on larger
systems that have a database as the focus of the system. Examples of such databases are all around us, on the
Internet, in our banks, government, companies, grocery shops, pharmacies, etc.
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The process of designing such databases can be broken down into a few steps, as we will in this book:

O  Defining the Objective — Don’t laugh this off as being too obvious: most projects are plagued by
the developers having no real idea of what the user base actually wants or needs because they jump
to conclusions or fail to listen to the right users, or in some cases, any users at all. During this phase
we will be defining the functional, performance, and reporting requirements for the final system we
will be creating.

O Logical Design — The process of designing a logical path to achieve the objectives, done in an
implementation independent way. One of the main reasons you will not see SQL Server referenced
much in the first half of this book is because logical database design is independent of physical
database design and implementation.

0O  Physical Design — Taking the logical design and adapting it to a real implementation. This design
phase is concerned with determining how the database system will be physically implemented, using
whatever hardware and software is available to us.

O  Physical Implementation — The implementation phase of the project is concerned with actually
laying out the physical data onto database servers and developing code to access the data.

O  Review — The process of assessing whether the objectives were achieved. Sadly, the most
overlooked part of a project because it takes too doggone long, and is no fun at all: testing,
documentation, and all of the other things we hate to do but must. This should include a mechanism
to utilize user feedback, and a maintenance plan to consider how to rectify any problems identified.

In this book, the first two steps are covered in the Logical Design part of the book, and the rest is covered in
the Physical part.

Summary

In this chapter we have introduced the basic foundations of the modern database systems, especially OLTP and
data warehousing methodologies. We have established simply that there are four primary parts to the
enterprise database system. These can be summarized as:

O OLTP (Online Transaction Processing) for storing our current data in, with only a limited amount
of the historical data retained to enable up-to-the-minute decisions.

O ODS (Operational Data Store) for building a storage mechanism for data needed to make day-to-
day business decisions without interrupting the users in the OLTP database.

0O DW (Data Warehouse) — not to be confused with the general term of data warchousing, the DW is
used to store massive amounts of history to allow us to maintain a consolidated database of as many of
our corporate databases to enable us to see trends over long time periods.

0O  Data Marts — often confused with OLAP or Cubes (which are technologies used in querying the data in
the data mart), the data mart is used to take a slice of a data warehouse or in its absence, the OLTP or
ODS data, and allow the user to view aggregated data in a flexible manner.
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The central focus of our book will be on the data, particularly the data in the OLTP database. The data, and
hence the OLTP database, is the single most important part of any project. Some might argue otherwise, that,
for example, proper design is the most important, or indeed the logical nature of the information (since it
models how the enterprise does business). However, very few users are interested in the nature of the data, or
indeed the interface they are using to access it, as long as they can view and manipulate the data they require.
So many systems are out there that are clumsy to use, poorly thought out, yet they keep using them on and on.
Processes change, as do ideas, but the data that is stored will live much longer than any interface, or even the
process. One of the main tasks of database administrators everywhere is data conversion from one system to
another. No matter how messed up the database structure may be from version to version, the data will still be
used over and over again.

If you have ever done any programming, you will undoubtedly disagree with some of the opinions/ideas in this
book. I fully accept that this book is not the gospel of St. Louis of Databases. My ideas and opinions have
grown from ten years of working with, and learning about, databases, and as such I have supplemented them
with knowledge from many disparate persons, books, college classes, and seminars. The design methodology
presented in this book is a conglomeration of these ideas, with as much credit given to those other folks as I
can remember. I hope it proves a useful learning tool, and that through reading other people’s works, and
trying out your own ideas, that you will develop a methodology which will suit you, and make you a
successful database designer.
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Gathering Information for a Database
Project

In this chapter, we will go back to first principles and discuss the very first steps that should be taken when
starting a database design project. Getting preliminary information for a new database project — such as
deciding what is going to be stored in it — is one of the most important tasks you will have to do, though there
can be constraints on time and resources in the real world, which mean that this process is not carried out as
thoroughly as it should be.

Building your database without adequate preliminary analysis can be likened to building a house on sand,
where, after the first floor is built, the sands shift and you have to start all over again. Situations frequently
arise where, after a database has been built and deployed, a previously overlooked feature has to be included
in the database which requires redesigning it from scratch. Proper analysis is the solid foundation so that a
smooth, successful project is built.

As you gather the information for your database project, you should avoid the temptation to start imposing any
kind of structure at this time. Do not define your tables and fields, etc. at this point even if you are
experienced at database design. You should try to approach the process naively, never starting down a single
path until you have consulted all parties involved in the project to listen to their ideas and needs. Too often we
begin to impose a structure and a solution to a problem before we have enough knowledge of the task at hand,
and this helps neither our customers nor ourselves. This chapter is placed prior to the definition of data
modeling to emphasize this point.

The process of database design involves the collection of a significant amount of information. This
information will be useful to other team members now and in the future to understand and support the system.
A formal documentation policy needs to be considered.
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The Database Design Team

In order to start the information gathering process, a database design team will need to be organized. While
the team may only consist of a single person (which would likely be the case in small organizations or
projects), there are at least four roles that need to be filled because each serves a very different essential
purpose:

0  The Business Analyst fleshes out the business requirements from the users and provides the design
team with a functional specification which they develop into a technical specification. This role also
acts as the user’s advocate, making sure that the final project solution suits the specified business
needs of the client. The role also involves making sure that any contracts, agreements, etc., are
fulfilled.

O The Data Architect takes the functional specification and develops a technical implementation
specification. (The system architect also helps with this task.) The data architect designs all the
data storage and access architectures, and also chooses proper storage technologies based on
what’s needed. This book focuses only on the responsibilities of this role. Note that the data
architect is not the same as the database administrator (DBA) who is concerned with
implementation and deals with hardware, software, and making things run smoothly. The data
architect is concerned with the way the database systems, relational or otherwise, fit together and
are structured.

O The System Architect is in charge of designing the entire user interface and middle-tier business
objects that the project will require, and is responsible for choosing the front end and middle tier
technologies. The specific difference between this role and the data architect is that the latter is
solely responsible for the database side of the project, while the system architect deals with
everything else, though there would likely be some overlap between the roles.

O  The Project Manager is the “boss” who is primarily responsible for making sure that every other
team member does their bit, and handles scheduling.

Each of these roles will exist throughout the design and implementation process. There are other important
roles that will contribute as well — for example, the project sponsor or client representative, who needs the
project completed and provides the finance for development, testing, documentation, etc. However, the four
roles listed above are the core group and to define others or to go into more detail is beyond the scope of this
book. The reason for defining these roles at all is to show that, if different people perform each of them, the
data architect can focus almost exclusively on how the data is stored.

Documentation and Communication

32

During this process of analysis, there is one good habit that you should adopt early on — document all the
information that you acquire. Let me remind you that you might get hit by a bus tomorrow. Less morbidly,
keep thinking that, “If something happens to me, someone else will have to take over my work.” Another
example — in our industry, it is becoming more difficult to hold onto the best employees. If someone leaves
the project because a competitor offers them an unreasonably huge salary, the replacement will be placed on a
steep learning curve to get up to speed, and the only way to help this along is to document all information.

So you should document, document, document! It is imperative that you don’t keep everything in your head.
The following are helpful guidelines as you begin to take notes on users’ needs:
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0O  Maintain a set of documents that will share system design and specification information. Important
documents to consider include: design meeting notes, documents describing verbal change requests,
and sign-offs on all specifications, such as functional, technical, testing, etc.

0O  Beyond formal documentation, it is important to keep the members of your design team up-to-date
and fully informed. Develop and maintain a common repository for all of the information.

0O  Take minutes of meetings and keep notes of every suggestion, request, or idea that your customer
voices.

O  Note anywhere you add information that the users haven’t approved.

O  Set the project’s scope early on and keep it in mind at all times. This will prevent the project from
getting too big or diverse to be useful.

One of the primary jobs of the design team is to specify a scope statement (mission statement or mission
objectives) that describes the parameters of the project. This will be consulted and compared to during the
design and implementation, and upon completion. If, however, the project’s objectives and aims are not
decided at the scope statement stage, or nothing is written down, then there is a strong chance that there
will be conflicts between yourselves and your clients as your ideas diverge. Such vagueness or indecision
might cause unnecessary discussions, fights, or even lawsuits later on in the process. So, make sure your
clients understand what you are going to do for them, and use language that will be clearly understood, but
is specific enough to describe what you learn in the information gathering process.

Client Approval

As you go through the entire database design process, the client will no doubt change his mind on field names,
field definitions, business rules, user interface, colors — just about anything that he can — and you have to
prepare yourself for this. Whatever the client wants or needs is what you will have to endeavor to accomplish.
The client is in ultimate control of the project and you have to be flexible enough to run with any proposed
changes, whether minor or major.

After every meeting, summarize your notes in language that all the participants can understand and send
them copies. Keep a folder with all of the responses you receive and forward this to the project manager.

At any time the client can tell you, “I never said that”. If there is no documentation to back up what you are
saying, this could spell trouble. So I'll say this again — keep documentation, and if you have to take a decision

that the client will not like, you’ll have the documentation as backup for your decision.

The best way to avoid conflict — and, as clients change their minds, “scope creep” will occur — is to make sure
that you get your client’s approval at regular stages throughout the design process.

Minimum Information Requirements

Regardless of whether you are a one-person team or a cog in a fifty-person design force, there is a set of basic
information that the design team needs to gather during the early stages if they are to continue the design
process.
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To start with, you need a pile of notes, printouts, screen shots, CD-ROMs loaded with spreadsheets, database
backups, Word documents, e-mails, handwritten notes, etc. No structure is necessary for this initial
information, and it would probably be best at this point if there was no structure at all, though, of course, this
is a personal matter. Some people would argue that you shouldn’t just gather and go, but rather that you need
to keep yourself organized from the onset so that, as you go through your information quest, you are able to
ask increasingly intelligent questions. The reason I don’t believe in having too much structure is that I have
found that I tend to add weight to what is in the information. The real ordering should come when you begin
analyzing your gathered information, which we will discuss later on.

We’ll now take a look at the initial stages of the design process, and the sources of this basic information.

Database Prototypes

C

34

Prototypes are useful when developing large-scale systems that warrant this initial step. Their role is to be a
“proof of concept” tool — an opportunity to flesh out with the design team and the users the critical elements
of the project on which success or failure will depend.

Sometimes, as the data architect, you will be directed to take a prototype database that has been hastily
developed and “make it work™ or, worse yet, “polish the database up”. Indeed, you may inherit an
unstructured, unorganized prototype and your task will be to turn it into a production database. Scary words
indeed.

Bear in mind that prototypes should only be considered as interactive pictures to get the customer to sign a
contract with your company. Time and time again consultants are hired to develop a prototype that looks so
good that it is figured it must be ready for enterprise deployment. Many people will say to you, “It looks
like it works, so why toss it out?” The main reason is that, when making a prototype, you piece, slap, and
hack together code as you come up with ideas in an unorganized way. Proper structure and forethought are
tossed to the wind. Once the whirlwind prototype development is done, you have a Ul and a functional
database, but little or no thought has been put into its architecture, though it looks pretty. It is better to start
from scratch once the customer has signed; developing the final application using structured and supported
coding standards. As a data architect, it is very important that you work as hard as possible to use prototype
code only as a working model, a piece of documentation that you use to enhance your own design. They
help you to be sure you are not going to miss out any critical pieces of information that the users need —
such as a name field, a search operation, or even a button (which may imply a data element) — but they
should not tell you anything about architectural issues. Deal with these yourself. When it comes to
enterprise database design, there can be no short cuts.

lient Interviews

In the big business, corporate world, it is unlikely that the data architect will meet the user, let alone formally
interview them. The Project Manager, Business Analyst, and System Architect would provide all the
information that he/she requires. There may be times, however, when the data architect actually gets involved
in the interview process, depending on the structure of the actual design team. In my consulting experience, I
have been in the role of actually attending the client interview/design sessions. On occasion, I’ve had to
interview the interviewer to clear up inconsistencies!



Gathering Information for a Database Project

The client interview is where the database project really gets started. However, many clients generally think
visually; they think in terms of forms, web pages, and simple user interfaces in particular. In many cases your
clients will have absolutely no understanding or care about how the system is created. As the data architect,
your job when involved with interviewing clients is to balance the customer’s perceived need with their real
need — a properly structured database that sits behind the user interface. Changing a form around to include a
new text box, label, or whatever, is a relatively simple task, giving the user the false impression that creating a
database application is an easy process. If you want proof, show the user a near-finished prototype application
with no database support. The clients may be impressed that you have put together something so quickly, but
then run it and watch it fall over. Rarely will it be understood that what exists under the hood — namely the
database and the middle-tier business objects — is where all main work takes place.

An exhaustive treatment of interview techniques is beyond the scope of this book, but there are a few key
points that should be mentioned. Firstly, the word interview is used instead of the word interrogation. The first
suggests a one-on-one exchange of ideas, while the second implies the imposing of your ideas upon the paying
customer. If you come across as overbearing and try to tell the customer what he/she wants, you will damage
your relationship right from the start. Be tactful and don’t give the impression that you know more that the
customer does.

Try to set a basic agenda for the interview, so that you can be sure you cover the important areas, but have an
open mind. As a starter, one simple question will serve you well: “What do you want from this project?” This
lets your interviewees tell you what they want from the project. Encourage them to explain their initial ideas
of how they would achieve it. This will all give you a clear explanation of what they want and why,
preventing your preconceived ideas from altering how you address the problems that you are solving for the
client. Be prepared to listen, take notes, ask questions, get clarification — and take more notes.

Make sure you treat every person that you interview for a project as an individual. Each person will likely
have different viewpoints from every other person. Don’t assume that the first person you speak to can speak
for the rest, even if they are all working on the same project or if this individual is the manager. One-on-one
sessions allow clients to speak their mind, without untimely interruptions from colleagues. Be mindful of the
fact that the loudest and boldest people might not have the best ideas and the quiet person who sits at the back
and says nothing may have the key to the entire project. Make sure you get everybody’s opinions.

One technique that is useful to convey to the client that you understand what they are telling you is to repeat
their most important points as you go through a meeting. This is also useful for clarification of unclear points
and aids in the note-taking process. Audio or videotaping of meetings is a technique that some use, but it can
seem invasive and make the clients feel uncomfortable, so should only be used in situations where it is
deemed necessary due to previous communication problems. Never record any conversation without the
interviewee’s consent. If at all possible, have a person at meetings who has no responsibilities other than note
taking.

As the data architect, you will have to recall much of what was said during these initial meetings, and this is
vital in enabling those around you do their jobs. Herein lies the importance of documentation. If everything is
written down and filed away, rather than just committed to memory, the clients can regularly review it. This
means that, not only can you improve relations with your clients, but you also enhance your chances of
identifying the data that they will want to see again, as well as providing the design team with the information
required to design the final product.
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This book is born out of eight years of making mistakes in the database design process, and the client
interview is one of the most fouled parts of the process that I have encountered. It might not seem a suitable
topic for experienced programmers, but even the best of us need to be reminded that jumping the gun, bullying
the client, telling them what they want before they tell you, and even failing to manage the user’s expectations
can lead to the ruin of even a well developed system. Good client interviewing technique is necessary for us to
get a solid foundation for the design process. If you have a shaky foundation, the final product will likely be
shaky as well.

What Kinds of Things to Ask

It is very important to make sure that whoever does the interviewing finds out the answers to the following
questions:

Who Will Use the Data?

The answer to this question may indicate other personnel that you might want to interview, and will likely be
of importance when you come to define the security for the system.

How W/ill the Data be Used?

Imagine you are asked to create a database of contacts. You will need to know:

0O  Will the contact names be used just to make phone calls, like a quick phone book?

O  Will we be sending mass e-mail or post to the members of the contact lists? Should the names be
subdivided into groups for this purpose?

0  Will we be using the names to solicit a response from the mail, like donations, overdue bills, or new
investors?

O  How important is it to have each contact’s correct title (for example, Dr. not Mr.)? Do we need any
phonetic information — would we lose a sale if a user mispronounces a customer’s name?

Knowing what your client is planning to use the data in the system for is a very important piece of information
indeed. Not only will you understand the process, but you can also begin to get a good picture of the type of
data that needs to be stored.

What Do You Want to See on Reports?

Reports are often one of the most forgotten parts of the design process. Many novice developers leave
implementing them until the very last minute. However, users are probably more interested in the reports that
are generated by the data than anything else that you will do. Reports are used as the basis of vital decision
making and can make or break a company.

Looking back at the contact example, what name does the client want to see on the reports?

First name, last name
First name, middle name, last name

g
g
O  Last name, first name
g

Nickname
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It is very important to try to nail these issues down early, no matter how small or silly they seem to you at this
point. We will be looking at building a reporting infrastructure later in our project and this kind of information
may be necessary.

One note of warning: while it is very important to get some idea of what data is needed on reports, you should
be careful to avoid any discussions about their actual appearance. It is not the role of the data architect to go
beyond the reports’ data requirements.

Where Is Your Data Now?

It would be nice once in a while to have a totally new database with absolutely no pre-existing data. This
would make life so easy. Unfortunately, this is almost never the case, except possibly with startup
companies, but even they will have some data that they have been storing while getting started. Every
organization is different. Some have data in one single location, while others have it scattered in many
locations. Rarely, if ever, is the data already in well-structured databases that you can easily access. If that
were the case, where would the fun be? Indeed, why would the client come to you at all? Clients typically
have data in the following sundry locations:

0O  Mainframe or legacy data
Millions of lines of active COBOL still run many corporations.

O  Spreadsheets
Spreadsheets are wonderful tools to view, slice, and dice data, but are inappropriate places to
maintain complex databases. Most users know how to use a spreadsheet as a database but,
unfortunately, are not so well experienced in ensuring the integrity of their data.

O  Desktop databases such as Access
Desktop databases are great tools and are easy to deploy and use. However, this often means that
these databases are constructed and maintained by non-technical personnel and are poorly designed,
potentially causing large amounts of problems when the databases have to be enlarged or modified.

0O  Filing cabinet
Yes, there are still many companies that have no computers at present and maintain vast stockpiles
of paper documents. Your project might simply to be to replace a filing cabinet with a computer
based system, or to supply a simple database that logs the physical locations of the existing paper
documents.

Data that you need to include in the SQL Server database you are designing will come from these and other
weird and wonderful sources that you discover from the client.

How Much is this Data Worth?

It is also important to place value judgments on data. Just because data is available, it doesn’t necessarily
mean that it should be included in the new database. The client needs to be informed of all the data that is
available and be provided with a cost estimate of transferring it into the new database. The cost of
transferring legacy data can be high. In this way, the client is offered the opportunity to make decisions that
may conserve funds for more important purposes.
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How W/ill the Data in the New Database Fit in with the Other Data?

Once you have a good idea of where all of the client’s important data is located, you can begin to determine
how the data in your new SQL Server solution will interact with the data that will stay in its original format.
This may include building intricate gateway connections to mainframes, linked server connections to other
SQL Servers or Oracle boxes, or even linking to spreadsheets. We cannot make too many assumptions about
this topic at this point in our design. Just knowing the basic architecture you will need to deal with can be very
helpful later in the process.

Are there any Rules that Govern the Use of the Data?

Taking our previous example of contacts, we might discover that:

O  Every contact must have a valid e-mail address
O  Every contact must have a valid street address

O  The client checks every e-mail address using a mail routine and the contact isn’t a valid contact
until this routine has been successfully executed

0  Contacts must be subdivided by type

Be careful not to infer any rules like this. Confirm them with the client. Your final product might be
unacceptable because you have placed a rule on the data that the client does not want.

Other Places to Look for Data Rules

Apart from interviews, there are other sources in which you can look to find data rules and other pieces of
information relevant to the design project. Often the project manager will obtain these documents.

Request for Quote or Request for Proposal

Two of the primary documents are:

O  The Request for Quote (RFQ) — a document with a fairly mature specification, which an
organization sends out to firms to determine how much something would cost

O  The Request for Proposal (RFP) — for less mature ideas that an organization wishes to expand on
using free consulting services

A copy of an RFP or an RFQ needs to be added to the pile of information that you will need later on in the
process. While these documents generally consist of sketchy information about the problem and the desired
solution, you can use them to confirm the original reason for wanting the database system, and for getting a
firmer handle on what types of data are to be stored within it.

Contracts or Client Work Orders

Getting copies of the contract is a fairly radical approach to gathering design information. Frankly, in a
corporate structure, you will likely have to fight through layers of management to make them understand why
you need to see the contract at all. Contracts can be inherently difficult to read due to the language that they
are written in. However, be diligent in filtering out the legalese, and you will uncover a basic set of
requirements for the database system — requirements that you must fulfill exactly or you may not get paid.
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Note that not only is the contract to build the system important, but any contracts that the system you are
building has to fulfill must be taken into consideration.

Level of Service Agreement

One important section of contracts that is very important to the design process is the required level of service.
This may specify the number of pages per minute, the number of records in the database, etc.

Don’t Forget about Audits

When you build a system, you must consider if the system is likely to be audited in the future, and by whom.
Government, ISO 9000 clients, and other clients that are monitored by standards organizations are likely to
have strict audit requirements. Other clients will also have financial audit processes. These audit plans may
contain valuable information that can be used in the design process.

Old Systems

If you are writing a new version of a currently operating database system, then access to the existing system
can be both a blessing and a curse. Obviously, the more information you can gather about where the system
was previously is very important. All of the screens, data models, object models, user documents, and so on,
are extremely important to the design process.

However, unless you are simply making revisions to the existing system, it is very important to only use the
old database system as a reference point. It is very easy to think in terms of tweaking existing code and
utilizing all of the features and data of the existing system as the basis of updating the system. In a minority of
cases, this might be a correct implementation, but generally speaking, this is not true. On most occasions, the
existing system you will be replacing will have many problems that need to be fixed, not emulated.

Reports, Forms, Spreadsheets

Quite a large percentage of computer systems are built around the filling out of forms — government forms,
company forms, all kinds of forms. You can guarantee that all this data is going to be scattered around the
company, and it is imperative to find it a/l. It is virtually certain that these sources will contain data that you
will need for your project, so make sure that the client gives you all such items.

Outline of the Case Study

The main goal of the case study in this chapter is not so much to illustrate the information gathering part of
the process — it is unlikely that the data architect will do this in most teams — but rather just to set up a
manageable example that we can follow throughout the book. For convenience, we will imagine that we are a
one-person design team (with the exception of some input from the business analyst) and we will also totally
ignore any kind of user interface.

You receive an e-mail from the programming manager stating that the accounting department is going to need
a database to handle checking account maintenance. After you have met with your IT manager, you are
referred to the accounting manager, Sam Smith. You set up a meeting (interview) with Sam to get an idea of
what the need is.

39



Chapter 2

Client Interview

These are the type of notes that you would make for this meeting:

Meeting with Sam Smith, Accounting,
Nov 24,2000, 10 AM, Large Conference Room

Attendees: Louis Davidson, Data Architect;
Sam Smith, Accounting Manager;
Joe Jones, Business Analyst

Initial Meeting

Additional documentation attached: Bank register, sample
check, sample statement, as well as electronic format of
statement.

Currently using paper check register, just like a basic home
register. Have looked at the possibility of using canned
product, but we have found none that offer all that they want.
And most offer way too many features.

Need to have multi-user capabilities (entry and viewing).
Share over intranet.

Process:

Need to have very up to date information about account.
Currently balancing account once a month. Using the
statement from bank. Takes an entire day to get balanced at
least. Would like to keep the account balanced weekly using
internet data.

Only interested in checking, not savings, stocks, bonds, etc.
Already have a system for this.

Will be audited yearly by a major auditor. Don’t have an audit
plan as of yet. R d
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Once Sam was finished, asked him about vendor tracking:
It would be nice to be able to have payee information for most
of the checks we write.

Also about categorizing check, Sam said it would be nice, but
not completely needed at this point.
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Looking back over the notes, there are several items we need to gather from the accounting department: check

register, bank statement, audit plan, and a voided check, if available.

Preliminary Documentation

Sample Check Register

Mumhber Date Description Category Amount Ealance
12390 12/15/00 Pizza Hut Employee Appreciation ] ]
.
12391 12/15/00 Allied Mortgage Building payment ] ]
.
12392 12/16/00 TH Electric Utilities ] ]
.
12393 12416400 Deposit N ] ]
Account.Running Total
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Sample Bank Statement

Bank.Bank Name

Bank of the [}

Account Statement

Account Statement Account number _47‘ Account. Account Number

Previous Balance § Last Balanced: 11/5/00
Current Balance by Statement Date:  12/5/00
Total Debits §
Total Credits §
y
11/5/00 12200 Check [ ] [ ]
1146400 12201 Check [ ] [ ]
11/2/00 48393 Deposit [ ] [ ]
11/28/00 X99778 Direct Withdrawal [ [
. lines removed.. . lines \remwed. . .. lines removed. .. \ . lines removed. . ... lines rermoved. |.
\
12/01/00 12213) Check \ [ ] [ ]
\
12/02/00 12214 \\ Check \ [ [
12/03/00 12217* \\ Check \ [ ] [ ]
\ \
Checks \\ \
\
12200 [ \ 12205 12212 [
.. lines removed. . .. lines remave&‘ . .. lines removed. .. ... lines v \muved... .. lines remorved. .. .. lines removed..
12204* B | o q 12217* [
\
*Indicates a break in check| sequence \
Statement. Deposit Statement.
Balancing Items Direct Withdrawal Previous Balance
(the statement Current Balance
contains copies Total Debits
of all the items Total Credits
the register Previous Balance Date
should have) Statement Date

Notice that I have blacked out all figures in the above statements. Unless it is extremely important to have
exact figures on documents, block out any sensitive information that might cause problems if it got into the
wrong hands.
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Sample Bank Register Data Stream Format

Column Data type Required
Transaction Date Date Only Yes
Transaction Number String(200) Yes
Description String{ 1007 Yes
Ttem Amount Money Tes

Transaction.
Transaction Date
Transaction Number
Description
Iltem Account

Note that this data stream is not from our analysis. Rather it is a paper document explaining what the bank
will be providing to the client to support electronic balancing of accounts.

Sample Check

13403 June 12, 2000

WROX Subscriptions

D — | cotars

s |

Magazine Subscription _

This is as far as we will take the case study in this chapter. We have now made a good start — the scope of our
project is extremely small and we have gathered as much information as we can at this point — but there will
come a time later on when we have to ask for more information. In later chapters, we will look back at these
notes and documentation when we come to assemble the database itself.
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Summary

In this chapter we have concentrated on a significant preliminary step in database design — the information
gathering process. The real message behind all that we have seen is: get as much data as you can and

document it. Look everywhere — leave no stone unturned as you procure as much information as the client is
willing or able to give about the problem. Sometimes you will know exactly how to solve the problem even
after the first e-mail. Other times, it will take a month of digging around to get enough information to tackle it.
Designing well-structured systems and databases is hard work that takes a relatively long time to accomplish
if done correctly. The first step is to understand the problem before you solve it.

Always keep in mind that it takes more time to redo a task than it does to do it right the first time. We will

look at what “right” means during the physical data-modeling phase of database design. This comes much later
in the process.
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Fundamental Database Concepts

Introduction

In this chapter, I aim to demystify the theory and terminology used by so many database academics. The group to
which I belong is the hardcore of trench-level warriors who actually design good user databases to earn a living,
and all this theory seems far removed from the world in which we live and work.

This may well leave you questioning whether reading about database design theory is at all worthwhile. Well,
understanding the principles and theories that a technology is built upon is actually very important. For example,
would you take your car to a mechanic who doesn’t understand how spark plugs work, or fly in a plane with a pilot
who doesn’t understand the theory of flight? With this in mind, why should you expect your customers to come to
you for database expertise if you don’t understand the theory that supports database design?

That said, some of the terms and concepts used by academics could confuse and frustrate the best of us, partly due to
their origins in mathematics. To compound this, there are some esoteric terms that would appear to most
programmers to mean one thing, but in fact mean something altogether different. However, it remains important to
gain some understanding of relational database theory, in order to be able to devise appropriate designs for such
systems.

So, to figure out what the academic community are raving about, we are going to take a look at some of the
simpler aspects of relational theory, comparing them to the SQL concepts and methods that we in the field should
already know. As there are numerous other books on the subject, we are not going to delve too deeply into the
academics’ territory; rather we are going to try to provide a basic foundation in useful database concepts.
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This chapter will present the relational concepts from a largely SQL-oriented point of view. We will often touch on
the implementation side of things which, though technically not what this part of the book is dealing with, cannot be
avoided when giving our theoretical explanation in terms of concepts you’ll be familiar with. However, we’ll not get
bogged down in implementation; it’ll just be an overview. For further information, feel free to delve into the other
sources suggested in Chapter 1.

During this chapter we will be looking at:

O  The Relational Model — examining the terminology used for the essential blocks; we will then build
upon this in later chapters

0O  Definitions of additional database concepts

The Relational Model

As mentioned in Chapter 1, E. F. Codd devised the relational model in the early 1970’s. In this section, we will take
a look at its more important parts from a Microsoft SQL Server standpoint.

As we will see, SQL Server implementation has much in common with this model, but is not nearly the same
thing. Many relational purists cringe at how all of the variations of SQL (not just Microsoft’s SQL Server) are
implemented. This book is not the place to discuss their objections, and we intend to avoid any controversy with
regard to this, as we look at the physical design and implementation parts of SQL Server.

Database

The first item that we need to define is a database.

Simply, a database is a collection of data arranged for ease and speed of search and
retrieval.

This could be a card catalogue at a library, a SQL Server database, or a text file. Technically, there is no
corresponding concept in relational theory, but as we will make use of this term frequently, it is important that we
introduce it.

In SQL Server, a database is a collection of objects and data that is grouped together
logically.

Table
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One of the most common misconceptions about the relational model is that the term relational refers to the
relationships between tables. In actual fact, it refers to the term relation (the mathematical name for a table), which
is considered to be (almost) synonymous with the term table. As we will see, the relational model applies different
names to not only what most programmers know primarily as a table, but also the elements contained within it.
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The central most important element we deal with is the table itself. A table is the physical representation of some
object, either real or imaginary. As you design tables, you will be looking for people, places, things (nouns) that you
want to store information about. Understanding the concept of treating tables as nouns, and nouns as tables, is the
first step to designing proper tables. Later, we will examine in more detail what we should store in tables, and the

other structures covered in this section. Then, we start to look at how we identify tables and other objects in the next
chapter.

The term fable is a very implementation-oriented term and has the following meaning:

An orderly arrangement of data. Especially one in which the data is arranged in columns
and rows in an essentially rectangular form.

Two common versions of tables are: an Excel spreadsheet and the result of a simple SQL Query on the Northwind
database. The latter is shown below:

F-_l:_'l__ SOL Query Analyzer - [Query - NASH200 Morthwind EMA\Idavidzon - Untitled1 ]

Iﬂg Fil= Edit Querny Toolz Window Help _|ﬁ||i|
[2-288 L cad#(o (8- -[v > " [Orome =85

Felect * from region

=5

=

4| |L|_
=

FegionlD Fegionlescription
1 Eastern
2 Western
] Northern
4 Southern

(4 row(s) affected)

1| | >
B Results
Ouery batch completed. NASHZ00 (3.0) |EMANdavidson [51) |[Northwind | 0:00:00  |[4rows |L 1, Col 1

| |Connections: 1 s

-

Even before computer spreadsheets, people were working on paper ones containing rows and columns (though they
would not have called it a spreadsheet). We will take a more in-depth look at rows and columns later in this section.

As we mentioned earlier, a table is known as a relation, or more specifically, a named relation. As we will discuss
later, tables and views are both considered named relations, and result sets are unnamed relations. Understanding
this will help you to write better SQL.

The following table is just a very generic one of made up restaurants, with a few columns defined. Each of the terms
in the table will be defined in full in this chapter.

49



Chapter 3

50

Primary Key Alternate Keys
TablelD Name Code Date
1 Big Momma's Vittles BMV 10/22/00
2 Next Step Eatery NSE 10/22/00
Table —
Relation 3 Bob's Dog Hut BDH 11/13/00 Rows |RowCount
4 Earl's Restaurant ER 8/12/00
5 Roger's Restaurant RR 7/4/00
Columns
DataType,
Possible Possible Possible Possible UEEnDETinGe
<4 Datatype,
Values Values Values Values
and/or Check
Constraints

This is not to imply that a table and a relation are precisely the same thing. The following is the definition of a
relation:

Relation: A structure composed of attributes (individual characteristics, such as name or
address, corresponding to the columns in a table) and tuples (sets of attribute values
describing particular entities, such as customers, corresponding to the rows in a table).
Within a relation, tuples cannot be repeated; each must be unique. Furthermore, tuples
are unordered within a relation; interchanging two tuples does not change the relation.

This definition may seem a little confusing at the moment. Don’t worry; everything will become clearer as we work
our way through this chapter.

A relation is a very strict mathematical concept based on set theory, whilst a table is a physical implementation of a
relation with special properties. That’s to say, a relation can be used to define all tables, but not all relations can be
manifested as a table. However, it is reasonable to suggest that the differences between the two are so subtle as to be
nearly meaningless to the average database programmer.

Yet another term that we will use to mean a table is entity. The term entity is used frequently in logical modeling to
mean the conceptual version of a table. I personally like this term, as it tends to really emphasize that a table is in
fact a representation of something. “Table” is a very stark term that has a totally different meaning outside of
computer science circles. The first time I told my wife I built a table she thought I might have been lying about my
profession, “I thought you were in computers?” The term entity has fewer overheads and is less tied to
implementation. In the next chapter, when we start to identify tables, we will first identify them conceptually as
entities to avoid being forced into the structure that tables inherently have.
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Rows and Columns

A row (or record) indicates an instance of whatever object is being physically represented by a table. The concept of
an instance is related to object-oriented programming, but is treated differently in relational programming. In object-
oriented (OO) programming (and even OO databases), a class is a general definition containing the attributes and
methods that can operate on a specific instance of the class, commonly referred to as an object. In SQL Server, we
deal with tables containing columns and rows. The table definition is much like the class in OO, and a specific
instance of the table is a row, which is analogous to an object. While we have no methods for manipulating the data
specifically implemented in the definition of a table, we do have specific SQL operations that we can use to interact
with data in the tables.

The main reason for the distinction is really an implementation issue. Since SQL is heavily built around accessing
data, it is very easy to see multiple instances of a SQL “object” at any one time, so many programmers fail to notice
the parallels between an OO object and a SQL Server row. As we look further into data and object modeling in later
chapters, we will highlight some of the parallels between OO methodologies and relational database programming.

As we can see in the figure below, the relational model has very different names for rows and columns. Rows are
tuples (pronounced like couples) and columns are attributes. The term tuple is one of those funny technical terms
that seems to either cause you to pause and think or make you giggle (which is what happened to me). According to
legend, the word “tuple” has no other meaning, and you will not yet find it in any dictionary. Presumably it was
coined during the formation of Codd’s Relational Model specifically as a word with no preconceived notions
attached to it. This avoids the confusion generated by terms such as table.

Primary Key Alternate Keys
TablelD Name Code Date
1 Big Momma's Vittles BMV 10/22/00
2 Next Step Eatery NSE 10/22/00
Table (Entity) —»
Relation 3 Bob's Dog Hut BDH 11/13/00 Rows |RowCount
Tuples
4 Earl's Restaurant ER 8/12/00
5 Roger's Restaurant RR 7/4/00
DataType,
Possible Possible Possible Possible UserDefined
4— Datatype,
Values Values Values Values
and/or Check
Constraints

While the term tuple seems to be a pretty unobvious one to many programmers, attribute is a far better name for

what a column represents. Each column should contain a characteristic or attribute of the instance of the row or tuple,
or more simply put, each column contains an attribute that describes the row. When thought of in this manner,
column usage makes way more sense. The analogy to OO properties should be reasonably obvious to anyone who
has done any OO programming. A column is a property of an instance (or row) of a table (or relation/entity).
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One of the tenets of relational theory is that attributes have no inherent ordering. You have probably realized from
experience that columns in a table do have inherent ordering, as SQL users want a constant set of columns to be
returned, not to mention that the columns have to be efficiently stored on some physical media.

The main point here is that you should never imply any meaning to the physical ordering of columns. There are a
few common column-sorting basics that data architects generally follow when designing tables, such as primary
keys at the left of the table, followed by more important columns near the left, and less readable columns near the
right, but this is specifically for programmer or user convenience only. We will look at this further when we actually
start to model tables in Chapter 5.

Each row in a table must contain the exact same set of columns. Each column must have a name which is
unique amongst the columns in that particular table. This may seem kind of obvious, but is worth
mentioning.

The last item we need to discuss is the degree of the relation, which corresponds to the number of columns in the
table. This term is not used all that frequently, but I have seen it mentioned in some documents, and it is worth
noting here for completeness.

The Attributes of an Attribute

I just had to give the above name to this section because it made me laugh. However, it is important to understand
that each column in a table has columns of its own. The most important of these are (besides the column’s name,
which has been discussed):

O  The legal values for the column
O  Whether the column is part of the row identifier

O  Whether or not the values are required or optional

The next few sections will deal with these in more detail.

Limiting the Values in a Column to Only Legal Values
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SQL Server tables have several methods for restricting the values that can be entered into a column:

O (Base) data types

0O  User-defined data types

0O  Constraints

O  Triggers and stored procedures

Each of these serves a distinctly different purpose and should generally be applied in the order listed. In relational
terminology, as shown in the figure below, these are all considered under the heading domains. A domain is defined
as the set of valid values for a given attribute. We will look briefly at the mechanisms in the upcoming sections.
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Primary Key Alternate Keys
TablelD Name Code Date
1 Big Momma's Vittles BMV 10/22/00
2 Next Step Eatery NSE 10/22/00
Table —»
Relation 3 Bob's Dog Hut BDH 11/13/00 Rows | RowCount
Tuples
4 Earl's Restaurant ER 8/12/00
5 Roger's Restaurant RR 7/4/00
Columns DataType,
Attributes UserDefined
. . . . Datatype,
P\(/)s|5|ble P\(/)s|5|ble P\c/)s|5|ble P\c/)s|5|ble «— and/or Check
alues alues alues alues et
Domains

Base Data Types

A base data type is the simplest form of domain in SQL Server. The type of value is defined, as well as the intrinsic
range of the input. One additional detail to mention is that every data type also supports a value of NULL, unless we
specify otherwise. For example:

O

O

An i nt eger data type variable requires whole numeric input and may be between -2°'
(-2,147,483,648) and +2°' (2,147,483,647)

A tinyint datatype also requires whole numeric input, but has a range of non-negative integers
between 0 and 255

A var char (20) requires ASCII character data between 0 and 20 characters

The base data type is the set of “primitive” data types that are defined by SQL Server. SQL Server defines the
following base data types that can be used as column data types:

bi nary numeri c

bi g int real

bi t snal | dateti ne
char smal |int
datetinme snal | noney
deci mal sgl _vari ant

fl oat sysnane

i mge t ext

int ti mestanp
noney tinyint

nchar uni quei dentifier
nt ext var bi nary
nvar char var char
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There are two other data types: cur sor and t abl e, though neither can be used as the data type of
a column.

Choosing the precise data type of a column is one of the most important choices you will make during the physical
design process. During the logical phase of design, at a minimum, the general type of data that is to be stored will
need to be determined. General classes of data types might include:

binary
blob
character
date
logical
numeric
time

We will discuss data types in more detail in Chapter 10.

User-Defined Data Types (with Rules)
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SQL Server allows the creation of customized data types based on existing ones. It is defined only in terms of a
single base data type. A rule can then be created and associated with the new data type that restricts the stored values
allowed in a column as desired. This enables you create many columns from the same template, and have it control
the values that are entered.

If you are unfamiliar with user-defined data types, consult the SQL Server Books Online for more details.
As a simple example, you might want to define the following user-defined types:

0O I nteger FronOneToTen — defined as an integer, with a rule that restricts values entered to
between one and ten inclusive.

0 Soci al SecurityNunber — defined as a nine-character string, or an eleven-character string that
is restricted to having dashes in the fourth and seventh places, and all other characters are numeric.

As you can see, many common data types can be created to help implement a domain of values that are legal for the
column.

It should also be noted that user-defined data types need not be simple base data types as defined by relational theory.
It is legal to have more complex data types as long as they do not have repeating groups in them. For example, you
might have the following data type:

0 2DGraphPoi nt — defined as X — integer, Y — integer

But you could not have a table data type with an unlimited number of attributes. This would only be legal in cases
such as the graph point where the two values X and Y actually make up a single attribute, in this case location.

Note that Microsoft SOL Server does not currently support this.
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Constraints

A constraint is another mechanism that may be used to limit the values entered into a column.

O NULL constraints — The NULL constraint determines whether or not data has to be entered into a
column. A NULL value in relational theory indicates that an attribute has an unknown value,
generally thought of as a maybe. It is important to understand that when two NULL values are
compared, they are never equal.

0 CHECK constraints — Devices that allow us to define an allowable range of values for a column.
For example, we can create a constraint on a column that stores the month of the year which only
allows a value of 1 through 12.

O  Foreign Key constraint — Devices that are used to make certain that a value in one table matches
the key of a different table. They are used both to ensure data integrity and to maintain relationships
between tables. While we will not cover these in any more depth in this chapter, it is important to
simply mention their existence in the role of domain for a column.

Triggers and Stored Procedures

You can use triggers and stored procedures to implement a column domain, though they are generally used for much
more powerful things. In this section we are focusing only on the domain aspect of using each device.

Triggers are devices that allow code to be fired whenever data in a table is entered or modified. Whilst they allow us
to code complex domain rules that cannot be written into constraints, it is unusual for them to regulate the values
being entered into a single column. The latter would only be the case if the rules were too complicated for a simple
constraint, for example in automatically requesting clearance for the entry of a new value from a remote supervisor.
We will examine triggers in more detail in later chapters.

The other SQL Server device available to implement a column domain is a stored procedure. Stored procedures are
not the best way to do this, but again, there may be good reasons for doing so (for example, not allowing direct
access to specific rows and/or columns of data). The primary problem is that for this to work we have to force all the
modifications for a column to filter through a single stored procedure or duplicate lots of code for every case where a
user needs to update data. The only time we need to resort to using stored procedures as domain enforcers is when
the enforcement is optional or changing.

We should also briefly mention that while stored procedures can be used to implement domains; the same can be
said for any code that is written to insert data into a column. In Chapter 11, we will cover triggers and stored
procedures as a data integrity mechanism in great detail.

A Note About Terminology

In this book, we will generally use the term domain during logical design to indicate a data type description such as
number, integer, string, etc. together with a general description of the legal values for the attribute. We will do our
best to use the same domain for every column that has the same attributes.

For example, we might define the following domains in a typical database:

O  Amount — a monetary value, with no domain, which always requires a value

0O  String — a generic string value which contains alphanumeric values, which always requires a value
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O  Description — a string value that is used to further describe an instance of a table, which always
requires a value

O FutureDate — a date value that must be greater than the current date when entered, which always
requires a value

O  SocialSecurityNumber — an eleven character string of the format ###- ##- ####, which always
requires a value

As we identify new attributes, we will see if the new attribute fits any existing domain, and if so, we assign it
appropriately. If not, then we create a new domain. This will give us attributes that allow us to build databases in a
quicker, easier, and more consistent manner.

We will use the term business rules to indicate the predicate for the table or database as a whole. A predicate is
simply a rule that governs the values in the database. As an example of this let’s consider the

Soci al Securit yNunber domain. This domain came with a predicate that the value stored in an attribute that
used it would always be in the format “###- ##- ####”. While | am not exactly enamored with the term business
rules, it is a fairly common term in use today. We should note right here that we will continue to further define
business rules throughout the book, as there are many different issues that surround this very broad term.

Very often we will not identify our business rules as part of the table definitions (or entities); rather, the business
rules will be located throughout our documentation and implementation.

Row Identifiers
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In relational theory, a relation may not have duplicate tuples. For those who have SQL Server experience, you would
clearly want to jump and build an index to deal with this situation. However, in relational theory, there is also no
concept of an index, since an index is a physical device and strictly speaking relational theory does not deal with
implementation issues. In a physical table, there is no limitation that says that there must not be duplicate rows.
However, in a practical sense, no two rows can be duplicates because there are hidden attributes in the
implementation details that prevent this situation from occurring (such as a row number, or the exact location in the
physical storage medium that you cannot actually see). However, it is always a bad situation when you can have
duplicate rows for a number of reasons:

O It is impossible to determine which row is which, meaning that we have no logical method of
changing or deleting a single row.

O  If more than one object has the exact same attributes, it is likely to be describing the same object, so
if we try to change one row, then the other row should change, this means we have a dependency.

To combat this, we have the concept of a candidate key. A key is used to require uniqueness over an attribute or set
of attributes. An entity may have as many candidate keys as is required to maintain the uniqueness of its columns.
Just as in SQL Server, we also have the concept of primary keys and alternate keys. A primary key is used as the
primary identifier for a table, and alternate keys (implemented as unique constraints) are other fields over which
uniqueness must be maintained, as we can see in the following table:
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TablelD Name Code Date
1 Big Momma's Vittles BMV 10/22/00
2 Next Step Eatery NSE 10/22/00
Table —»
Relation 3 Bob's Dog Hut BDH 11/13/00 Rows | RowCount
Tuples
4 Earl's Restaurant ER 8/12/00
5 Roger's Restaurant RR 7/4/00
Columns DataType,
Attributes UserDefined
Datatype,

Primary Key Candidate Keys Alternate Keys

Possible
Values

Possible
Values

Possible Possible <4— and/or Check

Constraints
Domains

Values Values

The choice of candidate keys is a very important one. A large percentage of databases errors come from not defining
all the possible candidate keys. When we get to the normalization rules in Chapter 6, we will discuss specifics
concerning the choices of candidate keys.

Composite Key

Keys, by definition, may be made up of any number of columns, though it is best to try and limit the number of
columns utilized as much as is possible. Try to keep the number of columns as specific as possible, but if necessary,
it may be as many columns as desired.

For example, you may have a Book table with the columns, Publ i sher Name, Publ i sher G ty,
I SBN_Nunber , and Book_Nane. For anyone who doesn’t know, the ISBN number is the unique identification
number assigned to a book when it is published.

From these attributes, we decide that we can define three keys:

O

Publ i sher Name, Book Namne — Obviously, a publisher will likely publish more than one book.
Also, it is safe to assume that book names are not unique across all books. However, it is probably
true that the same publisher will not publish two books by the same name (at least we will assume
that it is true).

| SBN_ Nunber — We have already stated that | SBN_Number is unique.

Publ i sher City,| SBN Nunmber — Since | SBN Nunber is unique, it follows that
Publ i sher _City and | SBN Nunmber combined is also unique.

Both the first and third keys we have defined are composite keys. The third one needs a bit more discussion. The
implication of this key is that in every city, you may reuse the | SBN _Nunber , a fact that is obviously not true.
This is a very common problem with composite keys when not thought out properly.
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As a brief aside, it is important not to confuse unique indexes with keys. There may be valid reasons to implement
the Publ i sher _City, | SBN Number key in our SQL Server database. However, we should not identify this as a
primary key of a table. In Chapter 10 we will discuss implementing keys and in Chapter 14 we will look at
implementing indexes for data access enhancement.

Primary Key

The primary key is a key that is used to give a known interface to access a single row in a table. Usually, it is simply
a pointer (to borrow a term from functional programming) to access the row, and should probably not be a mutable
value, or at least it should be a value that changes very infrequently. The next section briefly introduces the key type
(artificial key) that we will be using throughout this book, and is the one that will save you much trouble during
implementation. We will discuss the precise logic surrounding this choice in the section on physical design, but for
now it is enough to consider the meaning of the terms.

Artificial Keys

An artificial key is a contrived one, and the only reason for its existence is to identify the row. It is usually an
automatically generated number (I dent i t y column), or a GUID (Globally Unique IDentifier), which is a very large
identifier that is unique on all machines in the world . The implementation of a GUID is beyond the scope of this book;
however, full documentation is available from www.microsoft.com. The main reason for an artificial key is to provide
a key that an end user never has to view, and never has to interact with. It serves simply as a pointer and nothing else.
For anyone who does not understand pointers, they are a common construct from C, or any low-level programming
language, used to point to a location in memory. The artificial key points to a position in a table. The table should have
other keys defined as well, or it is not a proper table.

The concept of an artificial key is a kind of troubling one from the perspective of a purist . Since it does not describe
the record at all, can it really be an attribute of the record? Artificial keys should probably not even have been
mentioned in the logical design section, but it is important to know of their existence, since they will undoubtedly
still crop up in some logical designs. In Chapter 6 we will discuss the pros and cons of such an approach.

Alternate Keys

Any candidate key that is not chosen as the primary key is referred to as an alternate key. Alternate keys are very
important to a successful database. For one reason or another, most tables have more than one way of identifying
themselves. This is particularly true when one uses artificial keys as primary keys.

Optional Column Values
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This is a can of worms that [ would rather not open, but I must. Tables may have columns for which the contents are
not yet known or unnecessary in a given context. Unfortunately, there is only one mechanism to denote this fact built
into SQL. This is the value NULL. It should be obvious from the list of different meanings of NULL that this is not
the optimum way of handling such situations. Putting invalid data into the column (such as a date of Dec 31 9999) is
even more troubling than NULL, for two reasons. Firstly, you may very well subsequently discover that you want to
store data with the exact same value that you have just entered. Secondly, you may find that entering a value like this
may not stand out to the user such that they understand what you are trying to do.

The Integrity Independence Law (Number 10 of Codd’s 12 Laws, see Appendix A) requires that no column in the
primary key can be an optional column. Boiled down to a single sentence: NULL is evil. Many theorists would prefer
NULL to be done away with altogether. There are many reasons for this, as we will see in later chapters, but at this
point we will stick to a very simple reason. NULL is defined as an unknown value, so no two values of NULL are
equivalent. Also, in the way NULLs are implemented, seeing a value of NULL may have a couple of possibilities:
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0O Idon’t know the value yet
0O I am never going to implement a value

O A value in this column does not make sense in this given situation

I would rather see a set of NULL-type values implemented to say why the column is NULL. There are set techniques
for dealing with optional data without NULLs, but the implementation can require quite a few tables. We will discuss
how to deal with NULL values in some depth in Chapter 12.

Rowcount

The number of rows in a table has a special name in relational theory. As shown in the figure below, it is called
cardinality. This term is seldom used to indicate the number of rows in the table; however, the term is used to
indicate the number of rows that can meet a certain condition. We will look at another form of cardinality when we

discuss relationships later in this chapter.

Primary Key Candidate Keys Alternate Keys

Possible

Values

TablelD Name Code Date
1 Big Momma's Vittles BMV 10/22/00
2 Next Step Eatery NSE 10/22/00
Table —|
Relation 3 Bob's Dog Hut BDH 11/13/00 Rows | RowCount
Tuples |Cardinality
4 Earl's Restaurant ER 8/12/00
5 Roger's Restaurant RR 7/4/00

Columns DataType,
Attributes UserDefined
Datatype,

Possible
Values

Possible
Values

Possible

Values

<— and/or Check

Constraints
Domains

Additional Considerations for Tables

In this section we will look at some of the additional considerations that we have for tables in
relational theory.

Foreign Keys

When is a key not a key? When it is a foreign key. Not a joke, but true. A foreign key is actually a column or
combination of columns whose values match the primary key or unique key in the same, or another table.
Existence of a foreign key in a table represents the implementation of a relationship between the tables. We will
discuss relationships in more detail later in this chapter. A foreign key does not have to be a unique value.
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The Integrity Independence Law (Number 10 of Codd’s 12 Laws, see Appendix A) requires that for all non-optional
foreign key values in the database, there must be a matching primary key value in the related table.

Views

Views are tables that do not exist as base (actual) tables — in fact, they are virtual tables. A view is the
implementation of a named relation as we discussed back in the Tables section of this chapter.

Views appear as tables to the user and should cautiously be considered as tables. Based on Codd’s laws (see
Appendix A), views are supposed to be updateable, greatly enhancing their ability to perform these tasks. In fact, in
SQL Server 2000, we can implement any view as being updateable by using several new features. This will be
looked at in some detail in the Physical Design part of the book, as we look at what problems we can and cannot
solve using views.

Views have many good uses and should be considered a part of logical design, as they can be used to solve some
very important issues. Views can be used to:

0O Implement security

By including or excluding specific columns from the view definition, then specifically revoking
rights from the base table and giving rights to the view, security can be provided for the excluded
columns.

0O  Allow the same data to be viewed by different users in different ways

By building different views of the data, users can be given a view that suits their needs. In this
manner, data that is unimportant to the user can be hidden from them to improve readability. In
addition to this, foreign key relationships can be resolved and data from the related table shown to
the user.

O  Provide logical data independence

One of the primary tenets of the relational theory is that the implementation of the database should
not make any difference to the users. If something changes in the database implementation, the user
should not notice. Views can be used in much the same way to give the user insulation from base
table changes. Obviously the view is dependent on the structure of the underlying table, but if you
add a column, the view need not have it added, unless it is needed. If you remove a column or move
it to a different table, the view could be modified to return a default value, or to get the value from
the new table. Views are a very important part of any relational database implementation. However,
they are considered a physical implementation issue, so this is the last time we will discuss views in
this part of the book.

Relations

Codd’s laws (see Appendix A) state that every database should be described in a logical level in the same way as
user data, so that users with proper security can use the same relational language to view the user data.

Relational theory considers the makeup of a relation to have two parts:
O  Heading — The set of column name: data type name pairs that define the columns of the table. This serves

as a layer between the definitions that the SQL programmer sees and the actual implementation that the
RDBMS programmer used to implement the database server architecture.
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O  Body — The rows that make up the table.

In SQL Server, and most databases, we more frequently consider the catalog or, to use a SQL
Server term, system tables as a collective description of the tables and other structures in the
database. SQL Server exposes the heading or catalog in a set of tables known as the Information
Schema. We will look further at the Information Schema in Chapter 10.

Restricting the Values that Go into Tables

So far we have discussed restricting values that go into columns, which technically falls into this section. However,
as we have already discussed the concept of a column domain, we now simply need to briefly discuss situations
where you need to restrict data that is affected by other columns. We can break these down into three typical
scenarios:

O  Inter-column dependencies
O  Inter-row dependencies

0O  Inter-table dependencies
Each of these poses quite a different type of problem to the implementation:
O  Inter-column dependencies

Inter-column dependencies deal with the situation where the value stored in one column requires a
certain domain of values in another column.

For example, say you have a field hasDri ver sLi cence and dri ver sLi censeNunber . If
hasDri ver sLi cense is Fal se, then you do not want the user entering in a value for
driversLi censeNumnber .

Generally, you will solve this problem with a simple table CHECK constraint.

0O  Inter-row dependencies

Inter-row dependencies describe the situation where one row in the same table dictates the value in
a different row.

An example of this might be a banking system. When a user goes to make a withdrawal from their
account, all transactions they have previously made need to be summarized to see if they have
enough money to make the withdrawal. Actually this might not be implemented in exactly this way,
but logically speaking this is what occurs.

Generally this type of situation must be solved using a trigger, or less desirably, a stored procedure.
One of the real problems with the inter-row dependencies in SQL Server is that it is easy enough to
prevent overages (too many records of too high a value) but very difficult to prevent too few values
from being entered. This topic will be returned to in Chapter 12, when we start to implement this
sort of problem.

O  Inter-table dependencies

Another situation might be where a value exists in one table, but you do not want this value to be
filled in a related table.
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An example of such a constraint might be personal information for a user. One table will keep a
record of the person’s name and age, and another table may intend to store their address and phone
number. If the person is under a certain age, it may actually be illegal to store their address and
phone number.

As with the inter-row dependencies, this must also be solved using a trigger, or less desirably,
stored procedure. The same difficulties exist with inter-table dependencies as they do with inter-row
dependencies.

Predicates

We have discussed predicates for attributes, but now we must look at predicates that govern the use of the table. As a
reminder, the term predicate is a fancy way of saying a rule that governs the values in the database. The predicate of
every table should be stated during logical design as fully as possible. By listing the predicates for the table in prose,
they have meaning to the developer as well as the user who needs to ratify the rules. The predicate should contain
any rule that governs the input of data.

This is a very hard habit to get into, but it will pay dividends. In the next chapter, we will look at developing
predicates for the tables we discover.

SQL Operations
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One thing that should be noted when discussing relational technology is the relational operators in T-SQL. We are
not going to go too far into this discussion, but some mention of these operators needs to be included in any
relational model discussion simply for completeness.

In this section we will take a brief look at the relation operators that make up the relational algebra that is the basis
for all SQL implementations. As we hinted at earlier, all result sets that are returned from the SQL SELECT
statements can be thought of as tables (although they are not physically stored as such). Note that a table must have a
unique name for every column that is returned, but this is not always true for SQL result sets (even though it should
be). It is important to remember this basic tenet as you write SELECT statements of your own, and is the reason that
using SELECT * is particularly nasty, a point that will be reinforced in Chapter 12. The tables that are formed as a
result of any SQL operation are referred to as unnamed tables, as opposed to tables and views, which are named.

Originally, Codd formulated eight relational operators. Most of these take the form previously mentioned with one
or two relations into the operator, a single relation out. Only one of these did not fit this mold, and is not
implemented in SQL. The following relational operators are the list of operators as first described by Codd in 1972
in Relational Completeness of Data Base Sublanguages. They are listed in the order that they are presented in the text, as
each logically adds to the previous one.

Restrict
Project
Join
Product

Union

O o o o o o

Intersect
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O  Difference
0  Divide
There has been quite a bit of research in this area, and quite a few operators have been added over the years. The

original eight will serve to give a brief introduction to the relational operators. We will take a brief look at each of
the original operators, and leave it to the reader to do further reading on the subject if desired.

It is important not to confuse these operators with any keyword used in an actual SQL dialect. The actual set of SQL
operators has been borne out of twenty years worth of attempts to create a relational language that end users could
use easily, while also performing an incredible number of operations.

Restrict

The restrict operator is used to limit the rows of a table to those that match a given criteria. This is directly analogous
to a simple SELECT statement’s WHERE clause. For example:

SELECT fieldnane, fieldnane2, ..., fieldnaneN
FROM t abl enane
WHERE fi el dname > val ue

The WHERE clause is the implementation of the restrict operator, and it should also be noted that the output of this
entire operation is an unnamed table that contains the single field f i el dnamne and contains all of the rows where
fi el dnane is greater than val ue. In the WHERE clause, we can use any of the common comparison operators (=,
> <, >= <> LI KE, etc.).

Project

The project operator is used to limit the number of columns in the resulting output table. In the next example, we
will expect that there exists more than the single column in the table:

SELECT DI STINCT fiel dnanel, fiel dnane2
FROM t abl enane

In this manner you can vertically sub-divide the resulting table into a single column, or combination of columns. In
relational theory, any duplicate values would be removed, so we have included the SQL keyword DI STI NCT to
remove the repeat values.

A common question that arises is “why is there no DI STI NCT operator in relational theory?”” Every operator in our
discussion here takes in one or two relations, and returns a relation. By definition, a relation does not have any
duplicate rows. Since the output of our query would be a relation, it will have no duplicates, and the DI STI NCT
operator is effectively redundant. In essence therefore, the DI STI NCT operator is built in.

Again, this is one of the most important differences between the definition of a table and a relation.
Join

The join operator is used to associate one table with another, based upon the matching of column values, usually the
primary key of one table with the foreign key of another.
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SELECT fiel dnane
FROM t abl enanel
JO N t abl enanme2
ON t abl enanel. keyl = tabl enanme2. key1l

I feel this operation also needs to be stated using a more relational algebraic style. The relational algebra style shows

how limited in scope the relational operators are in comparison to the far more functional SQL language.

JO N t abl enanel
W TH t abl enane2
OVER  keyl

This notation actually is much clearer, but does exactly the same thing. This, of course, only works when the key
names are the same. The reason that I show this notation is that I want to make clear that the JO Nin the first code

snippet can be thought of as a single table. Next let’s look at the effect of chaining together two j 0i n operations, as

in the following query:

SELECT fiel dnanme
FROM tabl el
JA N tabl e2
ON tabl el. keyl = tabl e2. keyl
JAO N tabl e3
ON t abl e2. key2 = tabl e3. key2

The first join operation can be considered as:

( SELECT *
FROM  Tabl el
JO N tabl e2

ON tabl el. keyl = tabl e2. keyl)
= derivedTabl el

So we could rewrite our query as:

SELECT fi el dnane
FROM deri vedTabl el
JO N tabl e3
ON derivedTabl el. key2 = tabl e3. key2

This is as far as we will delve into joins in this section. The point of this section has been a simple introduction to
how the join operator works, and relating it to current join technology in SQL Server. In Chapters 11 and 12, we
will look at this concept again.

Product

One of the least useful and most dangerous of the operations is the product operation. The product operator takes
two tables and builds a table consisting of all possible combinations of rows, one from each table. In SQL this is
denoted by the CROSSJQA N st at enment .
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SELECT fiel dnanme
FROM t abl enanel
CRGCSS JA N t abl enane2

To better explain this operation, consider the following:

Tablel: Fred Table2: Sam > Tablel product Table 2 Fred Sam
Wilbur Bugs Fred Bugs
Ed Fred Ed

Wilbur Sam
Wilbur Bugs
Wilbur Ed

You can see that the number of rows that will be returned by the product operator is the number of rows in Table 1
multiplied by the number of rows in Table 2. This number can get quite large, contain duplicate and useless rows,
and choke your server quickly, so there are not too many practical uses of the product operator.

Union

The union operator takes as an input two tables of the same structure and builds another table with all of the rows in
either of the tables, but removing duplicates in the process:

SELECT fiel dnane
FROM t abl enanel
UNI ON

SELECT fiel dnane
FROM t abl enane2

Tablel: Fred Table2: Fred > Tablel union Table 2 Fred
Wilbur Wilbur Wilbur
Babe Babe

This is a good time to remind you that the two input tables to the union operator must be of the same type, but this
does not mean that they have to be base tables. The table may also be a derived table formed from the project
operator, as discussed earlier.

Intersect

The intersect operator is very close to the union and join operators. The intersect operator is pretty much the opposite
of the union operator. It takes two tables of the same structure, removes the values that do not exist in both inputs,
and returns the resulting table.
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Tablel Jeb Table2 Jeb - Tablel intersect Table 2 Jeb
Silver Howie Carney
Carney Billy
Carney
Bob

Intersect is not implemented properly in the SQL syntax. This code snippet shows the primary way to implement an
intersect in SQL.

SELECT fi el dnane
FROM t abl enanel
JA N t abl enanme2
ON t abl enanel. fi el dNane = tabl enane2. fi el dNanme

Difference

Di

Difference is an operation that is used quite often when implementing a system. Just like union and intersect,
difference again requires tables of the same structure. The gist of the difference operator is that we want every value
in one table where there does not exist a corresponding value in the other. This is in contrast to the intersect operator
which removes a value if it does not appear in both tables.

Difference again does not have a specific keyword in SQL. It can be implemented in its most simple form by using
the NOT | N operator as shown here:

SELECT fi el dnane

FROM t abl enanel

WHERE fieldnane NOT I N (SELECT fiel dnane
FROM tabl enane2)

If you have done any SQL programming, you will probably note that this implementation is possibly not optimal,
though in the logical sense, this is the best implementation. While we should not typically be formulating queries in
the logical modeling phase of database design, if we need to, we should always use the most straightforward
representation of the query we want.

vide
The divide operator is one of the stranger operators, and one that you will probably never use. It takes two relations,

one with a single column, one with two columns, and returns a table of values that match (in the column that is
specified) all values in the single column relation.

There is no clear way to implement this in a way that will be clear in SQL, so we will omit it from our discussion
here, as it is not terribly useful for most database architects and SQL programmers.

Other Operators
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Additional operators can be separated into two classes, modification types (I NSERT, UPDATE, DELETE) and
additional retrieval types. We will not be discussing the modification type operators in this chapter, as they are very
close to how SQL implements them, and also they have very little logical modeling relevance. We will be discussing
them in some detail in Chapter 12.
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As far as the retrieval operators go, there have been other relational operators defined in the (nearly) thirty years
since the formulation of these eight base operators. In fact all of the DML (Data Manipulation Language)
commands in SQL Server are either a result of, or an extension of, these basic operators. We should also note that
the DDL (Data Definition Language) is basically for defining our objects, and while there would be no relational
operator equivalent, any relational language would have to implement some form of DDL to build the objects for the
DML.

I’ve stretched the limits of this book’s scope by covering these eight original operators. The purpose of this section
on the relational operators was not to replace or even supplement the various textbooks on the subject, but rather to
give insight that will help us to know the basics of where the SQL operations came from. Understanding the
fundamentals of SQL will help us when we are logically designing our databases and writing our code.

Relationships

We have already mentioned the concept of the primary key and the foreign key. Now let us put them together and
look at the object that they form: the relationship. Relationships are what make the tables that you have created
useful, taking the place of repeating groups by linking tables together. However, there is one point that we must
make at this juncture. The relationship types we will be discussing in this section need not be of the form of one
table’s primary key being referenced by another table via a foreign key. While it is true that this is how all
relationships will eventually be physically realized in the database implementation, logically it can take several
primary key-foreign key relationships to convey a simple logical relationship. In this section, we will discuss the
logical relationship types and will leave the discussion on physical implementation for later in the book.

Relationships can be divided at this point into two basic types that we need to understand:

O  Binary relationships

O  Non-binary relationships

The distinction between the two types lies in the number of tables involved in the relationship. A binary relationship
involves two tables, while non-binary relationships involve more than two tables. This may seem like a small
distinction, but it really is not. SQL and relations are limited to binary relationships, while there is no such restriction
in the real world. When you design databases you must keep this in mind, and learn to document each of the possible
situations. When we look at data modeling in Chapter 5, we will discuss how to represent each of these in a data
model.

Binary Relationships
Binary relationships are relationships between two tables. Most of the relationships we deal with on a regular basis

will fit into this category.

The number of child rows that may participate in the different side of the relationship is known as the cardinality.
We will look at the different cardinalities of binary relationships in this section.

One-to-n Relationships

One-to-n relationships are the class of relationships where one table migrates its primary key to another table as a
foreign key. The table that contains the primary key is known as the parent table and the table that receives the
primary key, and uses it as the foreign key, is the child table.
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This parent-child terminology only considers itself with the relationship between the two tables. A child may have
many parents, and a parent may have many children.

The one-to-n relationship is the most common relationship type you will deal with. However, there are several
distinct possibilities for the cardinality of this relationship. There are:

O  One-to-one relationships — A relationship of one-to-one cardinality indicates that for any given
parent, there may only exist a single instance of the child. An example of this type of relationship
might be House to Location, as illustrated in the figure below. A house is obviously in only one
location. The discussion of why this would not be in the same table will be left for a later time.

House Id House Type
1001
1002 2
1003 1
1004 3
1005 4
L p»{ House Id Location
1001 Database Drive
1002 Administration Avenue
1003 SQL Street
1004 Primary Key Place
1005 Business Rules Boulevard

O  One-to-many relationships — The one-to-many relationship is the most important relation type. For
each parent, there may exist unlimited child records. An example one-to-many relationship might be
State to Address, as illustrated by the figure below. Obviously there are many addresses for a single
state, though an address can only be in one state.

State Id Number State

1 Amabala

2 Aksala

3 Sasnakra

State Id No. Address No. of bedrooms |No. of bathrooms
> 1 402 Database Drive 1 1
> 1 1222 Administrator Avenue| 2 1
» 2 23 Login Lane 2 1
» 2 246 Cardinality Close 1 1
> 2 893 Server Street 3 2
» 3 107 Query Quay 2 1
» 3 293 Primary Key Place 4 2
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O  One-to-exactly-n relationships — Actually the one-to-one relationship is merely a specialized
version of this relationship type. This is a rarely used relationship type, but it does actually get used
on occasions. For example, a rule might be made that a user may only have two e-mail addresses.
The following figure shows how one-to-two relationship cardinality might be used to enforce the
User to E-mail relationship:

Employee Reference Number Name
5001 Bob
5002 Fred
5003 Jean
Employee Reference Number | Email Address
» 5001 dbo@wrox.com
» 5001 dbo2@wrox.com
» 5002 serveradmin@wrox.com
» 5002 fred@wrox.com
» 5003 md@wrox.com
» 5003 jean@wrox.com

O Recursive relationships — Recursive relationships are where the parent and the child are the same
table. This kind of relationship is how you implement a tree using SQL constructs. If you implement
a recursive relationship of cardinality one-to-two, you can implement a tree-like data structure. The
classic example of the recursive relationship is a bill of materials. Take an automobile. In and of
itself, it can be considered a part for sale by a manufacturer, and each of its components, which also
have part numbers, are a part that makes up the whole. Some of these components are also made up
of parts. In this example, the automobile could be regarded as made up recursively of the
automobile part and all of its constituent parts.

Many-to-Many Relationships

The other type of binary relationship (actually the second most common relationship type) is the many-to-many
relationship. Instead of there being a single parent and one or more children, there would be more than one parent
with children. This is impossible to implement using just two tables, but we will leave the implementation of many-
to-many relationships until the physical modeling part of the book and Chapter 10.

An example of a many to many relationship is a car dealer. Take nearly any single model of car, and it is sold at
many different car dealers. Then take one car dealer. It in turn sells many different car models.

Non-Binary Relationships

Non-binary relationships involve more than two tables in the relationship. This is far more common than one might
expect. For example:

Wrox provides Books for Book Sellers to sell.

This is referred to as a ternary relationship because it involves three tables. We deal with such relationships by
breaking them down into 3 tables with 2 or more relationships.
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O  Wrox provides Books
O  BookSellers sell Books

0O  Book Sellers are supplied by Wrox

However, from these three relationships, you cannot exactly infer the original ternary relationship. All you can infer
is that:

O  Wrox supplies books to someone
O  Book Sellers sell books supplied by some publisher

O  Wrox provides something to Book Sellers

From these relationships, you cannot exactly infer the original statement that Wrox provides Books for Book
Sellers. This is a common mistake made by many data architects. The original relationship will likely be
identified during the design phase, then not quite put together properly when you begin to develop
relationships.

The proper solution to this sort of problem would be to have a table for Publishers (Wrox), one for Product (Books),
and one for Stores (Book Sellers). Then you would have a table with three binary relationships, one from each of
these tables. This solves the problem (for now). In Chapter 7, on advanced normalization rules, we deal with the
problems that arise when you have to store relationships with greater than two tables.

A Last Note on Relational/SQL terminology

In this book, we will stick to SQL style terminology except where it makes sense not to. It is important to understand
the basic underpinnings of relational theory, but there is no need to confuse anyone who hasn’t read this chapter or
done any serious study of databases.

SQL terminology may not be perfect (and indeed it is not) but it is nevertheless how most programmers think, even
those who care about relational theory.

Definitions of Essential Concepts

Before moving out of this chapter on fundamental database concepts, there are a couple of additional concepts that
need to be introduced. They will become very important later in the process (and possibly clearer), but an
introduction to them is important in this chapter.

Functional Dependency

The term Functional Dependency is one of those terms that sound more difficult than it is. It is actually a very
simple concept. If we run a function on one value (call it Val uel) and the output of this function is always the
exact same value (call it Val ue?2), then Val ue2 is functionally dependent on Val uel.

This is a pretty simple, yet important, concept that needs to be understood. Correctly implemented functional

dependencies are very useful things, whilst improper functional dependencies are at the very heart of many database
problems.
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There is an additional confusing term that is related to functional dependency. This term is determinant, which can

be defined as, “Any attribute or combination of attributes on which any other attribute or combination of attributes is
functionally dependent.” So in our previous example, Val uel would be considered the determinant. Two examples
of this come to mind:

O  Consider a mathematical function like 2 * X. For every value of X a particular value will be produced.
For 2 we will get 4, for 4 we get eight. Any time we put the value of 2 in the function we will always
return a 4, so in this case 2 functionally determines 4 for function 2 * X.

O In a more database-oriented example, consider the serial number of a product. From the serial
number, additional information can be derived, such as the model number, and other specific fixed
characteristics of the product. In this case, the serial number functionally determines the specific
fixed characteristics.

If the situation seems familiar, it is because any key of a table will functionally determine the other attributes of the
table, and if you have two keys, such as the primary key and alternate key of the table, the primary key will
functionally determine the alternate key and vice versa. This concept will be central to our discussions of
normalization in Chapter 6.

Multi-Valued Dependency

A less intuitive concept to understand is that of the multi-valued dependency. In our previous section, we discussed
functional dependency in a single-valued case.

As an illustration of a multi-valued dependency, let’s consider the fact that this book was written by a single author,
so if we run the author function on this book, we would have a single value every time. However, if there existed a
technical editor function, it would return many values, as there are several technical editors of this book. Hence,
technical editor is multi-dependent on book.

We will come across the concept of functional dependency again later in Chapter 6.

Summary

In this chapter we have buzzed through thirty years of research in only a few pages. We have defined many of the
terms and concepts that are so very pervasive both in our current corporate “just get it done” culture, and in “blue-
sky research” circles. The world needs both of these groups to work together. We also looked at some of the building
blocks of the relational programming language SQL.

In the following table we equate common SQL Server database terms, with their synonyms from relational theory
and to a lesser degree, logical design terminology:

Common Term Synonym

Table Entity (specifically in logical design), Relation (more
used in theory discussions)

Column Attribute

Row Tuple

Table continued on following page
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Common Term Synonym

The legal values that may be stored in a column, Domain
including datatypes, constraints, etc.

Rowcount Cardinality

Number of Columns Degree

My true hope is that this chapter will be kind of a technical conference level overview of these topics that at the very
least will give you enough theoretical understanding to make designing databases understandable, or at the best, will
make you want to go out and read more on the subject so you can see all of the information I passed over too quickly,
fully explained. Of course my real fear is that E. F. Codd himself will read my book and come to my house to berate
me for taking years and years, and pages and pages, of well thought out writings and research and turning it into
twenty pages or so. In that vein, I do hope that you will pursue this subject further, as it will make you a far better
database architect/programmer.

Having taken a brief theoretical stop on our trip to Database Land, we will return to our case study in the next
chapter as we begin to really get the process rolling.
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Entities, Attributes, Relationships, and
Business Rules

Introduction

Now that we have looked at the basic building blocks of databases, we need to begin to identify these building
blocks within the preliminary information we gathered during Chapter 2. | will admit that we could be
considered over-cautious in our approach here, but thisis “best practice”, and many accomplished
programmers are likely to have their entire implementation in their heads by now. That's also true of me;
however, the results | achieve are always far better when | take these preliminary steps in approaching a new
database design project. The more we can follow the proper path of design, the better the outcome. The
methods in this chapter could help you avoid the perils of increasing maintenance costs in your project, lessen
the frequency with which you will have to go back later to change your structures and code, and generally
decrease the risk of failure.

In Chapter 2, the information-gathering phase, we collected a mass of information which is cluttering up your
desk at the moment. In this chapter, we will add structure to this information, and then gain an overview by
summarizing it. We will go through everything — identifying and assigning initial names to tables,
relationships, columns, and business rules — making sure that we consult our users for any additional
information.

When we finish with this process, we will have our foundation documentation which is still in aformat that
we can share with the user without the baggage of the technical talk and diagrams (which we will start to
develop later on).
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Divorcing Yourself from the Final Structure

For those readers who are new to database design, or who haven’t yet designed any tables, the principles
outlined in this chapter should be followed to ensure the best result for your project. If you already know how
to build a table you might question the simplistic nature of how we progress through this chapter. Y ou may
aready have some idea of which tables need to be broken down into which constituent parts. However, while
doing such operations at an early point in the design process might seem advantageous for shortening
development time, you will pay the price in due course when you have to go back and modify the database, by
inserting columns, for example, because you neglected to spend time reviewing your strategy with your client.
Also, don't forget to continue to update your documentation, since the best documentation in the world is
uselessif it's out of date.

Once you have built a database or two (or two hundred for that matter) you will probably find divorcing
yourself from the final structure very hard to do. When you listen to the client explaining what he wants, you
will probably find yourself envisioning atable-like structure before you'’ ve even finished hearing what he had
to say; it will be almost second nature to you. Unfortunately, thisis not the best situation to be in when you are
in this discovery/organizing phase of the database design process.

It isup to you to ignore these feelings of organizational desire until the time is right. Regardless of the
tools used to actually consolidate the information (ER diagramming tool, OO diagramming tool, word
processor, or even pencil and paper), the urge to try to build a database at this point in the process needs
to be fought. Why is that? The answer is very simple. In your zeal to put together your database
application, valuable information would likely be missed and some of the important steps that we will
discuss in the coming chapters will also likely be overlooked. At this point you should restrict yourself
to going through all of the documentation you have gathered to look for the following items:

0O Entities and Relationships
0O  Attributes and Domains

O Business Rules

By doing this you are likely to end up with a much smaller pile of documentation, maybe ten percent of the
size of the original pile, whilst still being sure that you have not overlooked any important data. At this
point you can secure acceptance from the user before you begin applying a very rigid series of processes,
outlined in the next three chapters, to the output of this discovery process.

We mentioned in Chapter 3 that, from that chapter onwards, we would use more implementation-oriented
terms to describe an object unless it made sense not to. In this chapter, we will make use of the terms
“Entities” and “Attributes’ as we will be looking for objects that may never appear as physical structures. We
will begin to use implementation-oriented terms as we start to move towards structures that will begin to
resemble what we know as tables and columns.

A Simple Example
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We will illustrate what we have just read using the following example, which could easily be a snippet of
notes from a typical design session.
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They have customers that they sell used products to,
usually office supplies, but they have furniture as well.
They identify customers by a number generated by their
current system. They also sell new stuff, but used is where
they make their money. Invoices are printed on a weekly
basis, but they make deliveries as soon as a customer
makes an order if they are trusted (no particular credit
problems). Any changes to the invoice need to be
documented. They ship all products from the warehouse
downtown.

They need to store contact information for each custons®
— phone numbers (fax and voice), address, and e-mail
addresses. They would like to be able to fax or e-mail
product order confirmations. They also want to have free
notes for contacts so they can keep ajournal of contacts.

Through each of the following sections, we will scan the documentation for pieces of information that need to
be stored. Sounds simple enough, eh? It really is much easier than it might seem.

ldentifying Entities

Entities are really some of the more simple objects to locate while you are scanning through documentation.
Entities generally represent people, places, objects, ideas, or things referred to grammatically as nouns. Thisis
not to say that entities only store real things. Entities can also be abstract concepts, for example, “new
products” is an abstract concept that is not physical but is a convenient way to group arange of products.
Actually, a more reasonabl e definition of what an entity is used for isto store all of the descriptive
information necessary to fully describe a single person, place, object, or idea. For example:

Person: May represent a student, employee, driver, etc.
Place: A city, abuilding, aroad, etc.

Object: A part, atool, a piece of electronics, etc.

o o o o

Idea: A requirement document, a group (like a security group for an application), ajournal of user
activity, etc.

Note that there is overlap in several of the categories (for example, abuilding isa“place” or an “object”).
You will seldom need to discretely identify that an entity is a person, place, object, or idea. However, if you
can place it within a given group, it can help to assign some attributes, like a name for a person or an address
for abuilding.

For those who have experience with relational databases, how an entity is implemented in an actual database
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table will probably be very different from the initial entities you specify. It isimportant not to worry about
this at this stage in the design process — we should try hard not to get ourselves too wrapped up in the eventual
database i mplementation.
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The reason why we are interested in distinguishing between people, places, and objectsis that this will help
to define some basic information we will need later, as we begin the implementation further on in the book.
Also, thiswill help us to ensure that we have all the documentation necessary to describe each entity.

People

Nearly every database will need to store information on people entities of some sort. Most databases will have
at the very least some notion of auser. While not all users are people, a user is almost always thought of as a
person, though a user might be a corporation or even a machine like a networked printer. Asfar as real people
are concerned, a single database may need to store information on many people. For instance, a school’s
database may have a student entity, a teacher entity, and an administrator entity. It may also require only a
single table to represent all three. Thisis a matter that we will ook at closer in later examples.

In our example, two people entities can be found — contacts and customers:

need to store contact information for eac
customer ...

...ajournal of

contacts ...

The contact and customer information we will need to store has yet to be described, and we cannot know
whether or not they will be considered as separate entities at this point in the documentation process. We will

look at the specific attributes for the contacts and customers when we get to the attribute section of this
chapter.

Places

There are many different types of places that users will want to store information on. There is one obvious
place entity in our sample set of notes:

products from the war ehouse
downtown.

Note though that contacts and customers obviously have postal addresses identifying their locations.

Objects

Objects refer primarily to physical items. In our example, we have three different objects:

... that they sell used productsto, usually office
supplies, but they
have furniture as well.

Products, office supplies, and furniture are objects, but notice that furniture and office supplies are also
products. However, it won’t come as a shock to you to realize that products, office supplies, and furniture will
have very different attributes. Whether or not we can roll up the three objects into one abstract entity called
products, or whether we will need to treat all three as separate entities, will totally depend on what the purpose
of the particular database you are designing.
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Ideas

Thereis no law requiring that entities should be real objects or even physically exist. At this stage of
discovery, we will have to consider information on objects which the user wants to store that do not fit the
already established “people”, “places’, and “objects’ categories, and which may or may not be physical
objects.

Documents

For many, the term “documents” normally refers to tangible pieces of paper containing information that the
clients needs to keep track of. This may seem like splitting hairs, but thisis not really the case. What if we
make a copy of the piece of paper? Does that mean there are two documents, or are they both the same
document? In our example, we really are simply referring to multiple pieces of paper:

... money. Invoices are printed
ona...

Invoices are pieces of paper that are mailed to a customer after the delivery of their products. However, we
only know that the invoices are printed on physical paper, but when they are mailed or even how they are
delivered is unknown at this stage. At this point just identify the entities and move along; again, we will add
our guesses as to how the data is used later in this process.

... email product order
confirmations ...

Here we have atype of document that is not written on paper — an e-mail message.

Other Entities

At this stage of discovery, we will have to consider information on entities that the users want to store which
do not fit the already established “people”, “places’, “objects’, and “documents” categories.

Audit Trails and Database Logs

A typical entity that you will need to define is the audit trail or alog of database activity. Thisis not a normal
entity in that it stores no user data and, as such, should generally be deferred to the physical design stage. The
only kinds of entities that we are concerned with at this point are those that users wish to store data about. As
such, statements such as the following should not be dealt with at this stage but left until the implementation:

Any changes to the invoice need to be Qr

documented.

Events
Event entities generally represent verbs or actions.

...they make deliveries as
soon ...

Whether deliveries are recorded in some physical document is not clear at this point; the statement merely
shows that an event has taken place. These events are important and users will want to schedule events or
produce data resulting from an event’s occurrence. In our example, it may be that we document events after
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they occur, so it may end up becoming alog of deliveries made.

Another type of event for you to consider might be things like meter readings, weather readings, equipment
measurements, etc.
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Records and Journals

The last of the entity types that we will examine at this stage is arecord or journal of activities. Note that |
mean records in a non-database sort of way. This could be any kind of activity that a user might previously
have recorded on paper. In our example, the user wants to keep arecord of each contact that is made.

... S0 they can keep a journal of
contacts.

This is another entity type that is similar to an audit log but would potentially contain more information, such
as notes about a contact, rather than just a record that a contact had taken place.

A List of Entities

So far we have identified the following list of preliminary entities.

Entity Description

Contact People who are points of contact for customers that we need to
communicate with

Customer Organization or individuals that products, office supplies, and/or
furniture are sold to

Warehouse L ocations where objects are stored for sale

Deliveries Events when sold items are delivered to customers

Products Items that are sold

Office Supplies
Furniture

Invoice

Product Order Confirmation

Journal
Journal Entry
Physical Modeling note:

log any changes to invoices

A type of product
A type of product

A physical document that isissued to a customer to request
payment for items sold

An electronic (possibly the only format) document that allows us
to alert a customer that an order has been placed

A listing of all communication with a contact

The actual record of the contact

The descriptions are based on the facts we have carefully derived from the preliminary documentation.

Note that in the description for contact, we have avoided making any kind of assumptions about how the data
is used while fully describing the basics of what is true, based on what has been previously agreed upon.
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Now we have alist of all of the entities that have been specified in our previous documentation. At this point
we are still iterating through what the client told us. When we begin to analyze what has been specified we
can start to look for details that the client did not give us. Rather than filling in these holes with assumptions
and guesswork, we should (ideally) prepare alist of questions and deliver them to the business analyst, who
will revisit the client to extract more information.

0O Do you have just one warehouse?
O  Areyour customers typically individuals or large conglomerates?

0O  Arethere other types of products that you sell? Or are furniture and office supplies so important that
you need to store special information about them?

Identifying Attributes and Domains

The primary reason for saying attributes instead of columns here is that we will be looking for items that
identify, make up, and describe the entity you are trying to represent, or — to put this into computing terms —
the properties of an entity. For example, if the entity is a person, attributes might include driver’s license
number, social security number, hair color, eye color, weight, spouse, children, mailing address, and e-mail
address. Each of these things serves to represent the entity in part. However, from our definition of what a
column must store, we know that it must be a single piece of information, though an attribute has no such
requirement.

Identifying which attributes can be associated with an entity requires a different approach from identifying the
entities themselves. Attributes will frequently be found by noting adjectives that are used to describe an entity
you have previously found.

As data domain information is generally discovered at the same time as the attributes, we will look for this
now as well.

Identifiers

The reason why we start with identifiersisthat they are the most important. Every entity needs to have at least
one identifying attribute or set of attributes. Without attributes, there is no way that different objects can be
identified later on in the process. These identifiers are what we defined as keys in Chapter 3. In the above
example, one such identifier is shown as follows:

They identify customers by a number generated by thei Ef
current system.

Almost every entity that you discover in this phase of design will have some easily found identifier. The
reason for thisisthat, at this point, you are dealing with entities that are easy to pick out because they have
natural identifiers.

It is also important to make certain that what you think of as a unique item is actually unique. Look at
people’s names. To us they are aimost unique, but there are actually hundreds of Louis Davidsonsin the
United States, and that is not really a common name. There are thousands, if not millions, of John Smiths out
there!
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Some common examples of good identifiers are:

O

O
O

For people — social security numbers (in the USA); full names (not always a perfect identifier); or
other IDs (like customer numbers, employee numbers, etc.)

For transactional documents (invoices, bills, computer generated notices) — these usually have some
sort of number assigned when they are sent to other organizations

For books — the ISBN numbers (titles are not unique)
For products for sale — product numbers (product names are not unique)

For companies that clients deal with —these are commonly assigned a customer/client number for
tracking

For buildings — the complete address including Zip/Postal code

For mail — the addressee’ s name and address, and the date it was sent

There are many more examples, but by now you should understand what we mean when we talk of identifiers.
Thinking back to the relational model we discussed in Chapter 3, each instance of arelation (or row if you
will) must be unique. Identifying unique natural keysin the datais the very first step in implementing a design.
Some of the identifiers listed above cannot be guaranteed to be unique; for example, in the case of company
numbers and transactional documents, the identifiers could be sequential numbers, which are not natural keys.

However, in many cases these values are smart keys which means they have other information embedded
within them. In most cases, the smart key can be disassembled into its parts. In some cases, however, the data
will probably not jump out at you. Take the following example of a product serial number: XJV 10229392.

O o o o o o

X —Type of product — tube television

JV — Subtype of product — 32" console

102 — Lot that the product was produced in — the 102" batch produced
293 — Day of year

9 — Last digit of year

2 —Color

Smart keys have their purpose, but for logical design we need to find all of the bits of information that make

them up.

Descriptive Information

Descriptive information is one of the easiest types to find. Adjectives used to describe things that have been
previously identified as entities are very common, and will usually point directly to an attribute. In our
example, we have different types of products: new and used.
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One great thing here is that we have now identified the possible domain of an attribute. In this case, the
attribute is “Type of Product”, and the domain seems to be “New” and “Used”. Of course, it is possible that
this may subsequently be resolved into two attributes —an “Is New” attribute and an “Age of Product”
attribute — or possibly a single attribute — “ Y ear of Production”.

In our next example, we see that we will need to have an attribute that identifies the customer’s credit
worthiness:

... as soon as a customer makes an order if they
aretrusted
(no particular credit problems).

How they find out whether the customer has credit problems is something we will definitely want to question
at some point, as we will want to know more about how the database can facilitate the process of managing
credit worthiness. On the other hand, the following example:

... both phone numbers (fax and voice),
address ...

gives the impression that we have a contact entity which has an attribute of phone number with a domain of
fax and voice. Thisis agood place to insert alittle reminder that one of the major difference between a
column and an attribute is that a column is a physical representation of a single piece of information stored in
the same physical entity or table, while an attribute may not be physically stored in the same table.

Locators

Locators are used as away to locate something, from a physical resource to a categorization, and to
differentiate and locate a value in atable. An example of alocator is shown here:

They ship all products from the warehouse
downtown.

Here we have a warehouse |ocation. The warehouse can only have one address, so it is a specific locator. Note
that it is not clear from this sentence fragment whether or not they have more than one warehouse. One thing
for sure, we have at least one warehouse that is downtown.

In this next example we have four very typical locators:

... store contact infor mation for each customer, both
phone numbers R 4
(fax and voice), address, and e-mail addr esses.

Most entities that are connected with organizations will have many phone number, address, and e-mail address
attributes. In our example we have four attributes for the contact entity. A further review will do a better job
of determining all the actual needs when it comes to this information, but thisis a pretty good list of what is
important to the user.

85



Chapter 4

Y ou may be wondering why we think of an address as a single attribute, when you well know that an

“address” consists of apartment number, street, city, state, zip code — several attributes. The answer to that is
that all of these make up the address, and that thinking of all of this as a single attribute is the level that we are
at right now. This will make more sense later on when we start the structuring process but, for now, it should
be enough to realize that when a user sees the word “address” in the context of our example, they think of a
generic address used to locate a physical location. In this manner you can avoid any discussion of how the
address is actually implemented, not to mention all of the different address formats we will likely need to deal
with when we come to physically implement the address attribute |ater in the book.

The last attribute we will 1ook at comes from the following sentence:

They would like to be able to fax or e-mail product order {
confirmations ...

The fax or e-mail attribute goes to the delivery mechanism that we will be using to pass on the product order
confirmation. We will certainly want to keep a record of how and when we sent this to the customer. Hence
we will need an attribute describing the delivery mechanism on the product order confirmation table.

Related Information

A
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In some cases (though not in our example) we will have related information that we will need as attributes for
our entities. Some examples of this might be:

0O  Additional materials — Anywhere that you have an entity which describes a book or some other type
of media (think Amazon.com), you will likely want to list additional resources that the user can also
look up.

0 Contacts— We have already seen a contact table, but a contact is also technically an attribute of an
entity. Whether or not you decide that the contact is a separate entity at this point or later on, the
final database will end up looking exactly the same, because the process of normalization (Chapters
6 and 7) ensures that attributes which should really be entities are restructured accordingly.

O Web sites, FTP sites, or other assorted web resources — Y ou will often need to identify the web site
of an entity, or the URL of aresource that isidentified by the entity; such information would be
defined as attributes.

List of Entities, Attributes, and Domains

The following table shows the entities, along with descriptions and column domains. The attributes of an
entity are indented within the entity column.
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Entity Description Column
Domain
Contact People who are points of contact for
customers that we need to communicate
with
Fax phone number Phone number to send facsimile messages Any valid
to the contact phone
number
Voice phone number Phone number to reach contact over Any valid
voice line phone
number
Address Postal address of the contact Any valid
address
E-mail address Electronic mail address of the contact Any valid e-

Customer
Customer Number
Credit
Trustworthy?

Warehouse

L ocation

Deliveries

Products

Product Type

Office Supplies
Furniture

Invoice

Product Order Confirmations

Organizations or individuals that products,
office supplies, and/or furniture are sold to

The key value that is used to identify a
customer

Tellsusif we can ship productsto
customer immediately

L ocations where objects are stored for sale

Identifies which warehouse — there may
only be one at this point, since single
domain valueidentified

Events when sold items are delivered to
customers

Items that are sold

Identifies different types of products that
they sell

A special type of product that is sold
A special type of product that is sold

A physical document that isissued to a
customer to request payment for items sold

An electronic (possibly the only format)
document that allows usto alert a customer
that an order has been placed

mail address

Unknown

True, False

‘downtown

‘Used’,
‘New'

Table continued on following page
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Entity Description Column
Domain
Delivery M echanism Identifies how the Product Order ‘Fax’, ‘E-
Type Confirmation is sent to the customer mail’
Journal A listing of all communication with a
contact
Journal Entry The actual record of the contact
Physical Modeling note:
log any changes to invoices

Note the use of the term “ Any valid” . The scope of these statements will need to be reduced to
a reasonable form. Many databases that store phone numbers and addresses cannot cope with
all of the different formats used in all regions of the world, mainly because it is no simple task.

At this point we have defined alist of entities and the attributes that we have identified thus far. Note that we
still have not begun to add anything to the design at this process. It might also be interesting to note that we
have a document that is almost a page long and we simply analyzed two small paragraphs of text. When you
do thisin areal project, the resulting document will be much larger, and there will likely be quite a bit of
redundancy in much of the documentation. Y ou will no doubt do a better job of discovering what datais
needed than we have in the preceding few pages!

Relationships between Tables

The most important decisions you will make about the structure of your database will usually revolve around
relationships.

One-to-n Relationships

In each of the one-to-n (that is one-to-one or one-to-many) relationships, the table that is the “one” table in the
relationship is considered the parent, and the “n” is the child or children.

The one-to-n relationship is frequently used in implementation, but is uncommonly encountered during early
database design. The reason for thisis that most of the natural relationships that users will tell you about will
turn out to be many-to-many relationships.

There are two prominent types of one-to-n relationships that we need to discuss. They are really quite simple
and an experienced database designer will recognize them immediately.

The “Has-A" Relationship

The main special type of relationship is the “has-a” relationship. It is so named because the parent table in
the relationship has one or more of the child entities employed as attributes of the parent. In fact, the “has-
a’ relationship is the way you implement an attribute that often occurs more than once. Some examples:
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O  Addresses
O  Phone Numbers
O  Children

In our example paragraph, we had:

... Store contact information for each
customer ...

In this case, we have a customer entity that has one or more contacts. Y ou will see this type of relationship
many times, and also note that it forms the basis of the solution derived by using the fourth normal form,
which we will look at in Chapter 6.

Another example of a“has-a” relationship is found in the following example:

... for contacts so they can keep a journal
of contacts.

In this case a contact has many journal entries. It is not likely that ajournal entry will be associated with
multiple contacts.

The “Is-A” Relationship

Another special case of the one-to-n relationship isthe “is-a” relationship. The gist behind an “is-a”
relationship is that the child entity in the relationship extends the parent. For example — cars, trucks, R/Vs, etc.
are all types of vehicle, so acar isa vehicle. The cardinality of this relationship is always one-to-one, as the
child entity simply contains more specific information that qualifies this extended relationship. The reason for
having this sort of relationship is conceptual. There would be some information that is common to each of the
child entities (stored as attributes of the parent entity), but other information that is specific to each individual
child entity (stored as attributes of the child entity).

In our example, we have the following situation:

... they sell used productsto, usually
office supplies,
but they have furniture as well.

In this example we have an entity, products, which is very generic. The product entity is unlikely to have
much information about what constitutes office supplies, or what a piece of furniture is made of. This
approximates to the concept of inheritance in OO databases.

Note: The“is-a” relationship is loosely analogous to a subclass in OO programming. In
relational databases there is no such concept as a subclass, though this may change in the next
SQL specification. We will discuss this topic further when we come to modeling the database.

Many-to-Many Relationships

The many-to-many relationship is used far more often than you might think. In fact, as we begin to refine our
design, we will use them for alarge proportion of our relationships. However, at this point in the process, only
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very few many-to-many relationships will be recognized. In our example, there is one that is obvious:
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...customer s that they sell used
productsto ...

If we use a simple one-to-many relationship, we would be stuck with either one customer being able to buy
many products or each product only able to be sold to a single customer. Alternatively, one product could be
sold to many customers but each customer could only purchase a single product. Obviously neither of theseis
realistic. Many customers can purchase many products and many products can be sold to many customers.

Listing Relationships

Let’slook at the document we are working on once again, this time having removed the attributes we added in
the previous section to save space and make what we have done clearer.

Entity Description
Contacts People who are points of contact for customers that we need to
communicate with
Have journal entries Toidentify when they contact people at the customer’s
address
Customers Organization or individuals that products, office supplies,
and/or furniture are sold to
Purchase Products Customer s pur chase products from the client
Have contacts To store names, addresses, phone numbers, etc. of people at
the customer’s address
Warehouses L ocations where things are stored for sale
Store productsto Products are stored at the warehouse for sale to customers
ship
Deliveries Events where sold items are delivered to customer
Products Items that are sold
Can besold to Customers can purchase any of the products that are sold
customers
Office Supplies A type of product
Isa Product Office Supplies are simply extensions of products,

presumably to be able to show more information

Furniture A type of product
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Entity Description
Isa Product Furniture are simply extensions of products, presumably to

be able to show more information

Invoice A physical document that isissued to a customer to request
payment for items sold

Product Order Confirmation An electronic (possibly the only format) document that allows
us to alert a customer that an order has been placed

Journal A listing of all communication with a contact

Journal Entry The actual record of the contact

Physical Modeling note:

log any changes to invoices

Identifying Business Rules
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Business rules can be defined as statements that govern and shape business behavior. Depending upon an
organization's methodol ogy, these rules can be in the form of bulleted lists, simple text diagrams, or other
formats. For our concerns, we will primarily look at rules that are basically the same as the predicates we
discussed in the previous chapter, and cover any criteria that do not fit precisely into our mold of table,
column, and domain. Implementability is not implied by the existence of a business rule at this point in the
process. All we want to do is gather business rules that are concerned with data for later review.

When defining business rules, you may end up with some duplication of rules and attribute domains, but this
isnot areal problem at this point. It isimportant to get as many rules as possible documented, as missing
business rules will hurt you more than missing attributes, relationships, or even tables. New tables and
attributes will frequently be found when you are implementing the system, usually out of necessity, but
finding new business rules at alate stage can wreck the entire design, forcing an expensive rethink or an ill-
advised “kludge” to shoehorn themin.

Recognizing business rules is not generally a difficult process, but it is time consuming and fairly tedious.
Unlike entities, attributes, and relationships, there is no straightforward specific clue for identifying all of
them. However, my general practice when | have to look for business rules is to read documents line by line,
looking for sentences including language like “once...occurs’, “...haveto...”, “...must...”, “...will...”, etc.
But documents don’t always include every business rule. Y ou might look through a hundred or a thousand
invoices and not see a single instance where a client is credited money, but this doesn’t mean that it never

happens. In many cases business rules have to be mined from two places:

0 Oldcode
0O Clients

Getting business rules from either of these sources is never overly pleasant. Not every programmer out there
writes wonderfully readable code. If you are lucky, your business analyst will interview clients for their rules.
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In our “snippet of notes from the meeting” example, there are a few business rules that we can define. For
example, we have already discussed the need for a customer number attribute, but were unable to specify a
domain for the customer number, so we take the following sentence:

They identify customers by a number generated by thei r{
current system.

and derive abusiness rule like this:

Customer numbers are generated from an algorithm in their current system. (Check
for meaning in their current numbers.)

Another sentence in our example suggests a further possible business rule:

Invoices are printed on a
weekly basis ...

From the above statement we might derive this rule:

Invoices may only be printed on a given day each week.

However, is this an actual business rule? It is unlikely that the client would want to tie the system down so
that it only allows invoices to be printed on a certain day in the week. However, you might interpret that this
is precisely what the client specified from the original documentation. Thisis likely to be one of the situations
where the English language is not technically precise enough to specify important details in such a short form.
The above extract from the example documentation might be implying that the client anticipates they would
only have enough invoices to print weekly, or that it is just convenient to print them weekly. We will have to
find out what was meant by this statement when the document we produce is reviewed with the client.

The last business rule we can identify comes from this part of the document:

... but they make deliveries as soon as a customer makes an order
if they are trusted
(no particular credit problems).

We saw this before when we looked at attributes, but therein also lies a highly important business rule:

Deliveries should not be made immediately to customersif they are not credit trusted.

Of course, we need to qualify:

O  what does “immediately” mean here?
O  how do we assess the credit-worthiness of the client?

0O  when we arefinally able to ship products to the customers, how will payments be made and how
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will the deliveries be made?
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These issues also need to be clarified in further consultation with the client.

This section on business rules is hardly complete. It was easy to give examples of tables, attributes, and
relationships, but business rules are far more obscure in nature. To make our example such that a more
complete set of business rules could be derived, we would have had to greatly increase the amount of
information in the example documentation, which would have made the identification of entities and attributes
unnecessarily complicated. It is simply very important to locate every conceivable place where a specific
business rule can be derived that governs how datais used and which has not been specifically handled by
column domains. Establishing business rulesis a potentially long drawn out process that cannot be
sidestepped or cut short in areal project. Missing or incomplete business rules will cause big problems later.

ldentifying Fundamental Processes

A processis basically a coherent sequence of steps undertaken by a program that uses the data that we have
been identifying to do something. As an example, consider the process of getting adriver’slicense (at least
here in Tennessee):

Fill in learner’s permit forms
Obtain learner’s permit
Practice

Fill in license forms

Pass driving exam

Have picture taken

o o o o o o o

Receive license

Each of these steps must be completed before the following steps can proceed. Processes may or may not have
each step enumerated during the logical phase, and certainly will have business rules that govern them. In the
Tennessee license process, you must be fifteen to get alearner’s permit, you must be sixteen to get the license,
you must pass the exam, practice must be with a licensed driver, etc. If you were the business analyst helping
to design adriver’s license project, you would have to document this process at some point.

Identifying processes is very relevant to the task of data modeling. Many procedures in database systems
require manipulation of data, and processes are critical in these tasks. Each process will usually translate into
one or more queries or stored procedures, which may require more data than we have specified.

In our example, we have a few examples of such processes:

They have customers that they sell used
productsto ...

This note tells us that there is a means of creating and dealing with orders for products being bought by the
client. On the surface, this may not seem like a ground-breaking revelation, but there will likely be recordsin
several tables to facilitate the proper creation of an order. We have not yet specified an order table or order
items, or even prices of items, though we would undoubtedly need to do so.
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A
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Invoices are

printed ...

We have made a note of invoices, but this “Print invoices” process may require additional attributes to

identify that an invoice has been printed or reprinted, who the print was for, and whether it can be reprinted.
Document control is avery important part of many processes when helping an organization that is trying to
modernize a paper system. Note that printing an invoice may seem like a pretty inane event — press a button

on a screen and paper pops out of the printer. All we have to do is select some data from a table, so what is the
big deal? However, when we print a document we may have to record the fact that the document was printed,
who printed it, and what the use of the document is. We might also need to indicate that the documents are

printed during a process that includes closing out and totaling of the items on an invoice. The most important
point here is that we cannot make any assumptions.

Other basic processes that have been listed are:

O Makedelivery —from “... they make deliveries as soon as a customer makes an order if they are
trusted ...”

M odify invoice — from “Any changes to the invoice need to be documented.”
Ship product —from “They ship all products from the warehouse downtown.”

Send product order confirmation —from “... fax or e-mail product order confirmations.”

O o o O

Contact customer —from “They also want to have free notes for contacts so they can keep ajournal
of contacts.”

Each of these processes identifies a unit of work that must be dealt with during the implementation phase of
the database design procedure.

re We There Yet?

It should be very obvious that not all the entities, attributes, relationships, business rules, and processes from
even our simple example have been identified at this point. In this section we will briefly cover the steps
involved in completing the task of establishing a working set of documentation.

Each of the following steps may seem pretty obvious, but they can easily be overlooked or rushed through in a
real life situation. The real problem isthat, if you don’t go all the way through the discovery process, you will
miss a tremendous amount of information, some of which may be vital to the success of the project.
Frequently, when an architect arrives at this particular point, he/she will try to move on and get down to
implementing. However, there are at least three more steps that we must take before we can start the next
stage in the project.

0O ldentify additional data needs

O Review the progress of the project with the client

O Repeat the process until we are happy, and the client is happy and signs off on what we have
designed

Note that this sort of procedure needs to be going on throughout the whole design process, not just the data-
oriented parts.
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Identification of Additional Data

Up until this point, we have made certain not to broaden the information that was included from the
information-gathering phase. The purpose has been to achieve a baseline to our documentation, so we can stay
faithful to the piles of documentation we originally gathered. Mixing in our new thoughts prior to agreeing on
what was in the previous documentation can be confusing to the client, as well asto us. However, at this point
in the design, we need to change direction and begin to add the attributes that we naturally recognize the need
for. Usually thereis afairly large set of obvious attributes and, to a lesser extent, business rules that have not
been specified by any of the users or initial analysis.

For each of theideas and items that we have identified so far, we need to go through and specify additional
attributes that we expect will be needed. For example, take the contact entity we defined earlier:

Entity Description
Contact People who are points of contact for
customers that we need to
communicate with
Attributes
Fax phone number Phone number to send facsimile Any valid phone
messages to the contact number
V oice phone number Phone number to reach contact over Any valid phone
voice line number
Address Postal address of the contact Any valid address
E-mail address Electronic mail address of the contact Any valid e-mail
address
Relationships
Have journal entries To identify when they contact the customer’s people

We would likely want to note that a contact would need the following additional attributes:

0O Name - The contact’s full name is probably the most important attribute of all.

0O  Spouse Name — The name of the contact’s husband or wife. This kind of information is priceless
when making contacts if you want to personalize your message to the person, or ask about their
family.

O Children

0O  Birthdate — If the person’s birthday is known, a card may be sent on that date.

There are certainly more attributes that we could add for the contact entity, but this set should make the point
clearly enough. There may also be additional tables, business rules, etc. to recommend to the client so, in this
phase of the design, document them and add them to your lists. One of the main things to make sure of is that

your new data items stand out from those already agreed from previous consultations with the client and the
preliminary documentation.
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Review with the Client

Once you have finished putting together this first draft document, it is time to meet with the client. It is
important to show them everything that you have and not to miss anything out. It is absolutely essential to
have the client review every bit of this document, so that they come to understand the solution that you are
beginning to devise for them.

Of course, the client may have little or no database design experience and may require help and explanation
from you in order to better understand your design. Y ou might even find it worthwhile to make two
documents, one for the client in layman’s terms and an internal, more detailed one for your design team’s use.

It’s also worthwhile devising some form of sign off document, which the client signs before you move
forward in the process. This could well be alegally binding document.

Repeat until You get Customer Acceptance

Of course, it is unlikely that the client will immediately agree with everything you say, even if you are the
greatest data architect in the world. It usually takes several attempts to get it right, and each iteration should
move you and the client closer to your goal. Asyou get through more and more iterations of the design, it
becomes increasingly important to make sure that you have your client sign off at regular times; you can point
to these documents when the client changes his/her mind later on.

This one hurts, especially when you do not do an adequate job of handling the review and
documentation process. | have worked on consulting projects where the project was well
designed, and agreed upon, but documentation of what was agreed upon was not made too well
(alot of handshaking at a higher level, to save money!). As time went by, and many thousands
of dollars were spent, the client reviewed the agreement document and it became obvious that
we did not agree on much at all. Needless to say it didn’'t work out too well.

The Book Case Study

Now we come to our real database design example. Going back to our case study, started in Chapter 2,
we need to begin the process of entity discovery following the guidelines already presented in this
chapter.

Client Interview
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It is always best to start with the client interview notes. First, we go through and mark all of the items that we
expect to represent entities. In our example, we will bold these items.
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Meeting with Sam Smith, Accounting, Nov 24, 2000, 10 AM, Large
Conference Room

Attendees. Louis Davidson, Data Architect; Sam Smith, Accounting
Manager; Joe Jones, Business Analyst

Initial Meeting

Additional documentation attached: Bank register, sample check,
sampl e statement, as well as electronic format of statement.
Currently using paper check register, just like a basic home
register. Have looked at the possibility of using canned product,
but we have found none that offer all that they want. And most offer
way too many features.

Need to have multi-user capabilities (entry and viewing). Share
over intranet.

Process:

Need to have very up to date information about account.

Currently balancing account once a month. Using the statement
from bank. Takes an entire day to get balanced at least. Would like
to keep the account balanced weekly using internet data.

Only interested in checking, not savings, stocks, bonds, etc. Already
have a system for this.
Will be audited yearly by a major auditor. Don’t have an audit plan
as of yet.

Once Sam was finished, asked him about vendor tracking:

It would be nice to be able to have payee information for most of
the checks we write.

Also about categorizing check, Sam said it would be nice, but not
completely needed at this point.

We have found the following initial set of entities to deal with:

Entity Description

Check A paper document that is used to transfer funds to someone else

Account A banking relationship established to provide financial transactions

Check register A place where account usage is recorded

Bank The_ organization that has the checking account that the checks are written
against
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Statement

Payee

A document (paper or electronic) that comes from the bank, once per calendar
month, that tells us everything that the bank thinks we have spent

A person or company that we send checks to
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The next step is to go through the document and look for attributes (which we will bold underline) and
relationships, which we will highlight in gray.

Meeting with Sam Smith, Accounting, Nov 24, 2000, 10 AM, Large
Conference Room

Attendees. Louis Davidson, Data Architect; Sam Smith, Accounting
Manager; Joe Jones, Business Analyst

Initial Meeting

Additional documentation attached: Bank register, sample check,
sample statement, as well as electronic format of statement.
Currently using paper check register, just like a basic home
register. Have looked at the possibility of using canned product,
but we have found none that offer all that they want. And most offer
way too many features.

Need to have multi-user capabilities (entry and viewing). Share
over intranet.

Process:

Need to have very up to date information about account.

Currently balancing account once a month. Using the statement
from bank. Takes an entire day to get balanced at least. Would like
to keep the account balanced weekly using internet data.

Only interested in checking, not savings, stocks, bonds, etc. Already
have a system for this.
Will be audited yearly by a major auditor. Don’t have an audit plan
as of yet. P
Once Sam was finished, asked him about vendor tracking:

It would be nice to be able to have payee information for most of
the checks we write.

Also about categorizing check, Sam said it would be nice, but not
completely needed at this point.

At the moment, there really isn't awhole lot of information to be gleaned from these notes. Y ou may find that
the client interview uncovers very little information, in which case we may want to review why we didn’t get
the information that we sought. Were we talking to the wrong people in the organization, or were we asking
the wrong questions? It is tough answering the question “How did | fail?” — but doing so will make you a
much better Data Architect in the future.
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Documents

Our case study documentation isfairly lame (to keep the example short and sweet) but, fortunately, we have
several documents that will shed quite a bit of light on our solution. We will look at these documents now and
mark the attributes (and possibly entities) that we find. The first document we will look at is the sample check.
This sort of document is a designer’s dream. Since we have identified the check entity, each of the fieldsin
this document is likely to be an attribute.
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Check Number Payee Date Written

v v
13403 June 12, 2000

WROX Subscriptions

dollars ‘ $-H
Magazine Subscription _

|

Memo ‘ ‘ Amount ‘ ‘ Signature ‘ ‘ Amount

Two things to note from our check:

0O Theamount is specified twice on the check, providing a measure of redundancy and protection from
fraud which is not necessary at this level of design.

0O  Payee has already been specified as a“has-a" type relationship, which isin essence an attribute of
the table, so we will not need to specify it again as an attribute.

The next thing we will ook at is the sample check register. It is simply arecord of each check asit is entered.

Numbier Diaee Deseription Category Amaini Halanes
12354 I BT Pizes Hat Erployes Appreciabior ] I
.
12381 {21540 Allied Merigage  Puildisg payment [ ] I
.
12382 1216400 T Electric Deilaties [ ] I
.
12393 L2/16M00 Dieposit HIA [ ] I
L
| Account.Running Total |

We note that the numbers, dates, descriptions (payee), categories, and amounts are derived from checks
themselves, but the balances are new. The balance attribute does not fit so well with the check entity, but it does
make sense for an account entity. Hence, we will add a balance attribute to the account entity.
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Next, we need to look at the bank statement. We will mark all of the different attributes just as we did on the
check. The bank statement will provide attributes for several entities.

Bank.Bank Name

Bank of the -

Account Staterment

Azecunt number -—{Account. Account Number

Balancing Items
(the statement

contains copies
of all the items
the register
should have)

Direct Withdrawal

Aréoenl Slabement
Preejon: Balance f L= BEalanced LMD
Cerrent Balance E Statement Diate 12i5000
Toral Debas
Total Credits !
A
114500 12200 Check | .
1 146400 Lzt Check . .
11800 XAHE3 Depesn . |
1142801 HOITTE Direct Withdrawsl ] ]
A pasrved s \onoved Brar uwoe B ruwaed brar ruwaead
2L L 3 Check I I
1A ] 12214 Check ] ]
T RE T ] Check - -
Chac ks
12200 L 12202 EaE L
Anm amcerd LI R Ty A el hnm semewed hnm semewsd
2204 L 1211 i L
S[adcaier m break un check) pequence
Statement. Deposit Statement.

Previous Balance
Current Balance

Total Debits

Total Credits

Previous Balance Date
Statement Date

The bank statement has given us several attributes for the Bank, Account, and Statement entities. Here we

define two new entities:

0 Deposit — used to add money to the account

0O Direct Withdrawal — money removed from the account without issuing a paper check
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Again we have the check date, check humber, check amount, and running total (all blacked out for reasons of
privacy and security, though it is always a good idea to get sight of some uncensored documents to get an idea
of the scale of figures and their format — for example, do check numbers have leading zeros?). We also note
that the Deposit and Direct Withdrawal entities have apparently the same attributes, and they are all in the
same table with the running total. So the Deposit and Direct Withdrawal entities will have Date, Number, and
Amount attributes. The running total again is the total for the account.

The final piece of documentation we have to look at is the electronic format of the bank register. The
electronic version is notably sparser than the paper version. There may be more to the electronic feed, but this

isall that we are currently given. This also may be the only thing that we are given because it istruly all we
will need to bal ance the account.

Calumn Diats type Hequired
Transachan [ase Lrate Cinly Yor
Transacticn Humber Stringl 2 s
Dhe s explios Sreang( 100 Tes
Ibemn Aol Monsx LT

Transaction.
Transaction Date
Transaction Number

Description
Item Account

While there are no new attributes for existing entities, there is mention of a new entity, the Transaction.
Interestingly, the bank uses this entity with these attributes to report the values of several other entities. This
leads me to believe that there is likely to be a single object that also represents checks, deposits, and direct
withdrawals. Thisindicates that we will have a Transaction entity, with “is-a” relationships to the Deposit,
Direct Withdrawal, and the Check entities.

Once we have worked our way through all of our documents, we need to finish our entity document. We will
mark any additional attributes that we add in the far left hand column.
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Bank Account Object Listing

So thisis the draft document that we produce from our initial analysis:

Entity Description Domain
Transaction A logical operation that putsin or takes out money from our account
Attributes
Transaction Date The date that the check is presented and Valid Dates
money is removed from the account
Transaction A unique number that is used to identify a A string
Number transaction
Description A string description of what the transaction A string
was for
Item Amount The amount of money to be added to or Real number to
withdrawn from the account two decimal
places
Check A paper document that is used to transfer funds to someone else
Attributes
Check Usage Used to categorize what check Unknown
Type
Check Type Used to categorize the check Unknown
Check Number Number used to uniquely identify the check Integer
Date Written The date that the check was written Valid dates,
possibly no future
dates
Amount The amount of money to be withdrawn from Real positive
the account and remitted to the payee number to two
decimal places
Memo Brief description of what the check was used Text
for
Signature The signature of the person who can sign the Text

check —we likely will simply keep the text
version of the name signed

Relationships

Has Payee Used to identify the payee that the check was
sent to

Isatransaction Defines that a deposit is a subclass of the
transaction
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Entity Description Domain
Payee A person or company that we send checks to

Attributes
NEW Name Name of whoever money is being paid to String

NEW Address
NEW Phone Number

Deposit
Attributes
Date Written

Deposit Number

Amount

Description
Relationships

Is atransaction

Direct Withdrawal
Attributes
Date Withdrawn

Number

Amount

Description
Relationships

Isatransaction

Address of the payee

Phone number of payee

Used to add money to the account

The date that the check was written

Number used to uniquely identify the check

The amount of money to be added to the
account

Description from the electronic feed

Defines that a deposit is a subclass of the
transaction

Any valid address

Any valid phone
number

Valid dates,
possibly no future
dates

Integer

Real positive
number to two
decimal places

String

Used to take money from account without any paper trail

The date that the check was written

Number used to uniquely identify the check

The amount of money to be removed from the

account

Description from the electronic feed

Defines that a deposit is a subclass of the
transaction

Valid dates,
possibly no future
dates

I nteger

Real positive
number to two
decimal places

String

Table continued on following page
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Entity Description Domain
Account A banking relationship established to provide financial transactions —
we likely will need to be able to deal with multiple banks
Attributes
Account Number Number that uniquely identifies the account Unknown, set by
bank, likely a
string
Balance Date Date and time the checking account was Valid Dates
balanced
Running Total The current amount of money in the account Real positive
number to two
decimal places
Relationships
Balanced Using Identifies where the data came from to
Statement balance the account
Has Transactions Transactions are made on an account to get
money in or out of the account
Check Register A place where account usage is recorded
Attributes
Register Type Describes the type of register we are using to ‘ Paper’
hold the account records
Bank The organization that has the checking account that the checks are
written against — we likely will need to be able to deal with multiple
banks
Attributes
Bank Name The name of the bank we are dealing with String
Relationships
Sends Statement The bank sends a statement so we can balance
the account
Have Accounts Identifies the bank of an account
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Entity

Description

Domain

Statement

Attributes

Statement Type

Previous Balance

Previous Balance
Date

Current Balance

Statement Date

Total Credits

Total Debits

Balancing Items

A document (paper or electronic) that comes from the bank once a
calendar month that tells us everything that the bank thinks we have

spent

Identifies the type of statement received from
the bank

Specifies what the balance was supposed to be
after the last statement was balanced

Specifies the date that the account was last
bal anced

Specifies what the balance of the account is
after all of the items in the statement have
been reconciled

Specifies the date that the statement is
produced — this will likely be the day that the
statement was created by the bank

Sum of all items that have added money to the
account during the statement period

Sum of all items that have subtracted money
from the account during the statement period

All of the items that the bank has processed
and is now reporting back to us

‘Internet Data’,
‘ Paper’

Real number to
two decimal
places

Date

Real number to
two decimal
places

Real positive
number to two
decimal places

Real negative
number to two
decimal places

Array of
transaction
(checks, deposits,
direct

withdrawal s)
objects

Y ou can probably see that we are getting to a point where, even for such a small example, this format of
documentation is unwieldy. In the next chapter we will discuss data modeling, which provides a method of
gathering and presenting this data that is much easier to work with. That is not to say that this manner of
specification has no merit. At the very least, you need to be able to produce a document of this sort to share
with the clients. Thisis the reason that we have gone through this exercise, and have not gone directly into

data modeling. The document we have produced does a fair job of describing what we are trying to implement,

in away that can be read by the technical and non-technical alike.
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Business Rules and Processes

For business rules and processes, we go back and look at our client interview notes. Business rules are in gray
highlight. Processes are in [boxed.

Meeting with Sam Smith, Accounting, Nov 24, 2000, 10 AM, Large
Conference Room

Attendees. Louis Davidson, Data Architect; Sam Smith, Accounting
Manager; Joe Jones, Business Analyst

Initial Meeting

Additional documentation attached: Bank register, sample check,
sample statement, as well as electronic format of statement.
Currently using paper check register, just like a basic home
register. Have looked at the possibility of using canned product,
but we have found none that offer all that they want. And most offer
way too many features.

INeed to have multi-user capabilitieq (entry and viewing). Share
over intranet.

Process:

Need to have very up to date information about account.

Currently balancing account once a month. Using the statement
from bank. Takes an entire day to get balanced at |east.

gld like to keep the account balanced weekly using internet
datal.

Only interested in checking, not savings, stocks, bonds, etc. Already|
have a system for this.

\Will be audited yearly by a major auditor]. Don’t have an audit
plan as of yet.

Once Sam was finished, asked him about vendor tracking:

It would be nice to be able to have payee information for most of
the checks we write

<

Also about categorizing check, Sam said it would be nice, but not
completely needed at this point..
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This documentation gives us the following:

Business Rule

Description

Must have multi-user
capabilities

Account must be balanced
weekly

Will be audited yearly

It islikely that more than one person will need to
enter transactions at the same time

We need to be able to balance the account more
frequently than the typical once a month,
presumably to reduce the time it takes to balance by
finding missed transactions more often

Some outside firm will check our numbers yearly to
make sure that everything isin good shape, likely
we will produce some documentation to facilitate
this process.

New User should get awarning if Just an idea that the user may want to help avoid an
they attempt to withdraw too overdrawn account
much money
New Should not be able to enter Possibly to avoid accidentally post-dating a check
transactions that are in the
future
Process Description
Balance Account Reconcile all transactions that the bank thinks we
have to make sure that we have all of them recorded
Audit Account Process to make sure that everything actually works
as documented
New Enter Transaction Enter a new deposit, check, or direct withdrawal

There are probably more business rules and processes to be suggested, but what we have is a solid start. At
this point you would take your draft document to your client for approval.
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The Waterfall Method

The final thing we should note is that you might need to carry out this whole process many times, depending
on how well you perform the process as laid out in this chapter. For those who have project management
experience, you may well think that the process outlined in this book is precisely the Waterfall Method, which
describes the software design process like this:

Specification

L444444> Design
L444444> Coding

L444444> Design

L4444444> Testing

This does describe in some way what we are doing here in our database design project.

However, in practice, this process would be more complex than depicted in the figure above. In
fact, it would show a cycle rather than just linearly stepped boxes. As part of the testing phase,
new criteria may need to be incorporated into the design and new specifications defined, which
mean that the whole process has to restart. Each run of the cycleis called an iteration. Any
software product or application will undergo many iterations before it getsto its final shape.
The problem with adding the cycle information is that we may go from coding back to design,

or from design back to specification. If everything goes perfectly according to plan, then the
above diagram does illustrate the complete design process. Of course, the solution has to be
built eventually and the key to thisistrying to limit the number of iterations whenever possible.
A few large changes are much more desirable than many smaller changes.
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Summary

In this chapter we have looked at the process of discovering the entities that will eventually make up your
database solution. We have weeded through all of the documentation that had been gathered during the
information-gathering phase. We did our best not to add our own contributions to the solution until we had
processed all of the initial documentation. It should be noted that thisis no small task; in our initial example, we
had just two paragraphs to work with, yet we ended up with about a page and a half of documentation from it.
We also conducted interviews with the client and obtained a sign off.

It should be noted here that recording all of thisinformation in a simple text document is not ideal. We have
done it thisway to keep it simple for the purposes of this book, but normally we would use a specialized tool
to generate this kind of documentation for us. The data modeling process, which we will go on to in the next
chapter, will generate skeleton documentation with blank spaces in it for you to enter your information.

Up until now, we have only been involved with the specification part of the process. This really cannot be
helped. Any development process that requires data storage needs to be specified completely prior to moving
onto the design phase. The implementation design phase will be covered in the second half of this book when
we get to physical design. Once the process outlined in this chapter is complete, we have ailmost everything
we need to gather from the client before we build a precise data specification.
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Data Modeling

Introduction

The term data modeling is often used in a very broad sense to describe the entire process of database design. Thisis
not really a bad thing, but it is not the way we will be using it. In this chapter, we will use it to mean the process of
developing graphical representations of data structures.

The document that we started to develop in the previous chapter got very unwieldy in a short space of time, and
identifying the relationships between the different entities was becoming very difficult. Hence, we need some way to
represent the information that we created as tables in a document in a more easily understood format. To do this, we
draw graphical models (pictures) to transform the document into a picture.

There are many types of models or diagrams: process models, data flow diagrams, data models, sequence diagrams,
thelist could go on for quite some time. We, however, will be focusing on two particular models:

0 Use Case—amodel that isamember of alarger specification known as UML, used to model the
needs and requirements of the users. Use cases attempt to include all information known about the
project, whilst being readable by both users and designers.

0 Data Models— models which center wholly around representing the data structuresin arelational
database.

Before we look at the above models in more detail, let us briefly discuss the modeling methodol ogies we will be
using in each case.
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Modeling Methodologies

Use cases actually come as a part of alarger specification called UML, or Unified Modeling L anguage. The
UML specification does not have data modeling tools for relational databases (it is an object-oriented technol ogy),
so we will need to use a different data modeling methodol ogy.

We make our choice of data modeling methodology by finding the one that is easiest to read, whilst displaying and
storing everything that we require. In this book we will focus on one of the most popular modeling formats for
relational databases, IDEF1X (I ntegration Definition For Information Modeling), and then briefly touch on
another fomat, I nfor mation Engineering.

While the data modeling methodology may be a personal choice, economics, company standards, or features usually
influence tool choice. In this chapter we will try to take afairly non-partisan look at some of the tool featuresthat are
required or desirable if we want to extend basic graphical modeling. All of the information found in the document
we created in the previous chapter needs to be represented and stored in the data model, and we need to be able to
get the data out, to share with the client and programmers.

UML

UML isthe de facto standard methodology for specifying and documenting the components of object-oriented
software systems and is due largely to the work of three men: Grady Booch, Ivar Jacobson, and Jim Rumbaugh.
Each of these men had their own (or parts of their own) methodologies, but these were fused together as the men
began to work together at Rational Software on the Rational Rose product. It is not, however, a closed methodol ogy,
and is being employed and standardized in the tools offered by many large corporations today. Currently at version
1.3, full documentation can be found at http://www.rational.com/uml.

The corporations that are listed on the UML specification are: Rational Software, Microsoft,
Hewlett-Packard, Oracle, Serling Software, MCI Systemhouse, Unisys, ICON Computing,
IntelliCorp, i-Logix, IBM, ObjecTime, Platinum Technology (CA), Ptech, Taskon, Reich
Technologies, Softeam.

It is probably important to mention here that UML is not just a modeling methodology, but isreally a complete
object-oriented design method. Whilst a modeling methodology is simply a method of graphically displaying the
components of a computer system, a design method entails system design, from the cradle to the grave.

We have far less|ofty requirements of UML ; we want to model the processes that we discovered in the last chapter.
The other purpose is to give a straightforward explanation of why the data modeler should care about UML, aswe
will not be using it to build or model our relational data, since, as we stated earlier, its primary focusis not on
relational database technologies.

UML is made up of quite afew distinct models, each one of which is used to represent the components of a system,
but we are only going to deal with one of them. For the pure data architect, doing nothing but building arelational
database, most of the models are probably not al that interesting, except for the use case diagram. Later we will give
abrief overview of use casesto alevel that will get us through our task of designing a database system.

110



Data Modeling

IDEF1X

To cover al of the existing modeling methodol ogies would be next to impossible. They all serve quite the same
purpose, and all have nearly the same objects displayed in slightly different ways. In this chapter, we will be
focusing on one of the most popular of them: IDEF1X, which is based on Federal Information Processing Standards
Publication 184 from September 21, 1993. To befair, there are several modeling methodologies that are pretty much
equal for data modeling, such as Information Engineering, and Chen ERD models, and if you are a user of one of
these methodol ogies then you are likely to be very attached to it, and will probably not wish to change technologies
on the basis of this chapter. However, all examples throughout the book will bein the IDEF1X format.

IDEF1X was originally developed by the US Air Force in 1985 to meet the following requirements:

Support the development of data models

Be alanguage that is both easy to learn and robust
Be teachable

Be well tested and proven

o o o o O

Be suitable for automation
For afull copy of the IDEF1X specification, go to http://www.qd.cl/webpages/idef/idefl/ideflx.html.

IDEF1X does avery good job of meeting the above requirements, and is implemented in many of the popular design
tools, such as CA ERwin, Embarcedero ERStudio, and Microsoft Visio's Enterprise Edition. It is a so supported by
other public domain tools, which can be found on the Internet.

Now we've discussed the methodologies we'll be using, let’ s see how we apply them to our models.

Use Cases

Asdescribed in the UML Notation Guide, version 1.1, published September 1, 1997 (the full document is available
at http://www.rational.com/uml), use case models represent the functionality of a system or a class asit manifests
itself to external users within the system.

A use case model describes:

0O  Systems components modeled as use cases

0O  Users of the system modeled as actors

0O  Relationships between the actors and use cases
In avery simple manner, use cases represent abstractions of dial ogs between the actors and the system. They
describe potential interactions without going into the details. This type of information is essential to the database
architect, as we always need to identify the users who will be accessing the database, and what they want to do.
There are afew very important reasons for this:

0O  Security

0O  Ensuring the data required to support the process exists

0O  Building stored procedures and triggers to support the processes
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Aswe will seein the next section, data models do not deal with processes or users whatsoever. While use cases are
part of UML, they are frequently used not only by strict object-oriented designers, but also by system architects of
all typesto give abasic blueprint of the actions that must take place for success. Different designer/architect types
will need to drill down on different parts of the use case diagram using different modeling technologies (as we will
with data models).

Thereis no set manner for describing a use case, but there is a specific type of model. Use cases are very smple
diagrams and there are only two symbols employed on a use case diagram.

Thefirst symbol isthe actor, which isastick figure:

The actor represents a user, system, or piece of hardware that performs an action in the system.

The second symbol is the use case, represented by a simple ellipse with the name of the use case inside:

To model the fact that an actor uses the action in the use case, the two symbols are connected by asingle line, also
known as the communicates relationship:

@

@

Use cases may also be related to one another in two ways:

O By using another use case to get its purpose completed — the uses r elationship

0O By extending another use case to specialize its behavior — the extends relationship
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These are modeled in a very obvious manner:

<<uses>>

or
@ e @
X Y

For example, let’s say we want to model the process of getting abook published. We have at the very least the
following actors: publisher, printer, editor, and (hopefully) writer. Then we would need the following use cases:
suggest book, accept book, write book, edit book, print book, and (my favorite) pay for book. This probably doesn’t
include all of the actors or use cases required to model the book publishing process, but it’s good enough for our
example. From this we get the following model:

Accept Book

O O
—I=  soggest 8ok ) ~—

Writer
Write Book
Edit Book

Editor Printer
Print Book

Publisher

Pay for
Book

One thing that may seem confusing about this diagram is that accept book comes prior to suggest
book. Thereisno ordering inherent in a use case diagram. Ordering comes later in the process.
In fact in a very large use case diagram there could be hundreds of use cases employed with
many actors.

Each use case will typically have data stored to explain what it stands for. The following table shows a possible
description for one of our use cases:

Name Write Book

Description The process of taking an idea and expanding it into several hundred pages

Table continued on following page
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Book must have been suggested and approved

Pre-Conditi
re-onditions Outline must have been completely fleshed out and ready to write

Post-Conditions A written piece of prose will be completed and ready for editing

Take outline
Write introduction
Write all chapters
Write Summary

Stepsto complete

Between the model and the descriptions, we can see, at aglance, not only who the users are, but also what their
interactions are with our system of writing abook. Note that both the publisher and printer are involved in the use
case: Print Book. The publisher orders the printing to take place, and the printer actually does the printing.

Whichever tool is used to build the use case diagram, it isimportant that it can store detailed information about each
use case or actor in the model. Good tools, available from the vendors listed earlier, will allow usto generate
tremendously useful reports from the data we enter into the model. | leave it to you, the reader, to delve further into
UML, at the very least so that you will be able to understand the models that your business analyst and system
architects will produce. One of the better books on the subject is “Instant UML” (Wrox Press, ISBN 1861000871).

Data Models

There are two basic types of data model, the logical and the physical. During the process of designing a database
system, we first build alogical model and then one or more physical models based on this. If the process goes well,
the entire logical model should be functionally equivalent to the physical model(s) once the entire logical model is
materialized. No data that the user needs to see should appear in the physical model without being in the logical
model.

Thelogical model represents the basic unchanging nature of the information that the client needs to maintain. A
logical model can beimplemented in a number of different ways, depending upon the needs of the physical
implementation. Regardless of whether we use SQL Server 2000, Oracle, Access, or even Excel to implement our
data stores, the logical model should remain unchanged.

During logical modeling we are mostly concerned with making sure that every piece of information is documented,
such that it can be stored somewhere. Therefore, as we progress through the process of normalization in the next two
chapters, our model will grow, from the largely disorganized mass of entities that we started to deal with in the
previous chapter, into a very organized set of entities. By the end of the process we should have identified every
single piece of information we may possibly wish to physically store.

The major distinction between the logical and physical models isimplementation. Since we use the same modeling
language, the logical model will always pretty much resemble the physical model, but during the logical modeling
phase of the process it is best to force yourself into ignoring the HOW and totally focus onthe WHAT that will go
into the database.
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The physical model, which we will look at in Chapter 10, provides the detailed plan of action for the implementation
of the database. This model is where we will take the entities we discovered in the previous chapter and turn them
into tables. Many different processes are possible, depending on the purpose and usage of the datain the database
and these will be discussed in the second half of the book. While the logical model should be complete enough to
describe the business, the physical data model we will implement later may make trade offs for performance versus
efficiency.

If the two will differ so much, what is the purpose of logical modeling? Thisisavalid question. By documenting
what should be the optimal storage of data from a consistency standpoint, we increase our ability to produce the best
physical databases possible, even if we have to deviate a bit (or alot) from the logical model. The logical model
remains the driving document for later changes to the system and will not be overly perverted by storage details.

Entities

In the IDEF1X standard, entities (which are synonymous with tables) are modeled as rectangular boxes, whichis
actually true for most data model methodologies. There are two different types of entities that we model: identifier-
independent and identifier-dependent, aso frequently referred to asindependent and dependent respectively.

Entity Type

The independent entity is so named because it has no primary key dependencies on any other entity, or to put it in
other words, there are no foreign or migrated keysin the primary key.

In Chapter 3, we discussed foreign keys, but IDEF1X introduces an additional term, which is somewhat confusing,
but more illustrative than foreign key, migrated. The term migrated is common and is included in the specification,
but it can be misleading, as to migrate means to move. Rather than actually being moved, it refers to the primary key
of one entity being “migrated” (copied) as an attribute in a different entity, thus establishing a relationship between
the two entities. Hence, it is “independent” of any other entities. All attributes that are not migrated are owned, as
they have their originsin the current entity.

The independent entity is drawn with sguare edges thus:

Independent

The dependent entity is the converse of the independent entity, asit will have the primary key of another entity
migrated into its primary key. We will seldom end up using dependent entities in the physical modeling phase of
design. Thisis because the primary key of an entity should not be editable in a database, and certainly not when it
has dependent entities relying on it. Certainly, the concept of a cascading update does exist, so it isless of a problem,
but we will see later in Chapter 10 the inherent difficulties in building entities in this manner. We will also look
deeper at the idea of independent and dependent entities in the section of this chapter about identifying and non-
identifying relationships.
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The dependent entity is drawn with rounded off edges:

Dependent

What we are beginning to see hereis a bit of a chicken and egg situation. The dependent entity is
dependent on a certain type of relationship. The later section on attributes has some information
that relies on certain types of relationships that we have not yet covered. However, we clearly
cannot wait until after we look at relationships to introduce the material we need to cover. If thisis
your first time ever looking at data models, this chapter may require a re-read to get the full picture,
as the concept of independent and dependent objects are linked to relationships.

Naming

Though how we name entitiesis not a part of the IDEF1X specification, while we are building entities we must
mention this subject. One of the most important aspects of designing or implementing any system is how you name
your objects, variables, etc. Naming database objects is no different, and actually, it is possibly more important to
name database objects clearly than it is for other programming objects. The names you give your entities (and
attributes for that matter), will be translated into entity names that will be used by programmers and users alike. The
logical model will be considered your primary schematic of how the database was conceived, and should be aliving
document that you change before changing any physical structures.

A few basic guidelines for naming entities:

0  Entity names should never be plural. The primary reason for thisis that the name should refer to an
instance of the object being modeled rather than the collection. Besides, it sounds silly to say that
you have “an automobiles record”. No, you have an automobile record. If you had two, you would
have two automobile records. (However, note that the system tablesin SQL Server are al plural,
which | personally mimicked during my formative years.)

0O  The name given should directly correspond to the essence of the entity. For instance, if you are
modeling a record that represents a person, name it person. If you are modeling an automobile, call
it automobile. Naming is not always this cut and dried, but it is wise to keep names simple and to
the point.

Entity names frequently need to be made up of several words. It istotally allowable to have spacesin them when
multiple words are necessary in the name, but it is not required. For example an entity that stores a person’s
addresses might be named: Person Address, Person_Address, or using the style | have recently become accustomed
to, and the one that we will usein this book: personAddress. A common name for this type of naming is camel
notation, or mixed case.

Note that we are in the logical modeling stage. We generally would want to avoid implementing
spacesin the names of our physical structures. While it is allowable to have names with spaces, it
isnot a good idea for usablility. In SQL Server you would have to address these names
surrounded by square brackets, [like thig].
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No abbreviations are to be used in the logical naming of entities. Every word should be fully spelled out.
Abbreviations tend to confuse the matter. However, abbreviations may be necessary in the physical model dueto
some naming standard that is forced upon you. If you use them, then you need away to ensure an attribute uses the
same abbreviation every time. Thisis one of the primary reasons to avoid abbreviations, so you don’t get attributes
named “description”, “descry”, “desc”, “descrip”, and “descriptn” all referring to a description attribute. More will
be said in Chapter 10 concerning physical naming. One word of warning though, it isimportant not to go overboard
with long descriptive sentence names for an entity, such as leftHandedMittensLostByKittensOnSatur dayAfter noons
(unless the entity stored therein is unique from leftHandedMittensL ostByKittensOnSundayMor nings), on-screen
truncation will make it difficult to read the name. A better name might be mittens or even lostMittens. Much of what
is encoded in that name will likely be entitiesin their own right: Mittens, Mitten Status, Mitten Hand, Mitten Used
By, Kittens, etc. However, this falls more readily under the heading of normalization, and will be discussed further in
Chapters6 and 7.

Attributes

All attributes in the entity must be uniquely named withinit. They are represented by alist of namesinside of the
entity rectangle:

AttributeExample

Attribute 1
Attribute 2

Note: Thisistechnically aninvalid entity, asthereis no primary key defined (as required by
IDEF1X). We will cover keysin the following section.

At this point, we would simply enter all of the attributes that we have defined in the discovery phase. In practice, we
might well have combined the process of discovering entities and attributes with the initial modeling phase. It will

all depend on how well the tools you use work. Most data modeling tools cater for building models fast and storing a
wealth of information to document their entities and attributes.

In the early stages of logical modeling, there can be quite alarge difference between an attribute and a column. As
we will seein the next two chapters, the definition of what an attribute can store will change quite a bit. For example,
the attributes of a person may start out as simply address and phone number. However, once we normalize, we will
break these down into many columns (address into number, street name, city, state, zip code, etc.) and likely many
different entities.

Primary Key

Aswe noted in the previous section, an IDEF1X entity must have a primary key. Thisis convenient for us, asin
Chapter 3 we defined that for atuple, or an entity, each record must be unique. The primary key may be asingle
attribute, or it may be a composite key (defined earlier as keys with multiple fields), and avaue for all attributesin
the key must be required (physically speaking, no nulls are allowed in the primary key). Note that no additional
notation is required to indicate that the value is the primary key.
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The primary key is denoted by placing attributes above a horizontal line through the entity rectangle:

Primary Key Example
Primary Key

Attribute 1
Attribute 2

In the early logical modeling phase, | generally do not like to assign any meaningful primary key attributes. The
main reason for thisisto keep the model clean. | tend to add a meaningless primary key to migrate to other entities
to help me see when thereis any ownership.

Aswe will see later in this chapter, the meaningless primary key will contain the name of the entity, so when we
create relationships that cause key migration, whatever primary keys we choose will migrate to the child entity in the
relationship. Asitislikely that we will not choose the primary key that will eventually be implemented, | generally
model all candidate keys (or unique identifiers) as alternate keys (non-primary key unique keys). Theresult isthat it
isvery clear in the logica model what entities are in an ownership role to other entities.

Thisis certainly not a requirement in logical modeling, but isa personal preference that | have
found a useful documentation method to keep models clean and corresponds to my method of
implementation later. Using a natural key as the primary key in the logical modeling phase is not
only reasonable but to many architects preferable. | tend to try to equate even my logical objects to
object oriented classes which are identified not by a primary key, but rather a pointer.

Alternate Keys

Which brings usto our next topic, alternate keys. As previously defined in Chapter 3, aternate keys are a set of one
or more fields whose uniqueness we wish to guarantee over the entire entity. Alternate keys do not have special
symbolslike primary keys, and are not migrated for any relationship. They are identified on the model in avery
simple manner:

Alternate Key Example
Primary Key
Alternate Key (AK1)

Alternate Key 2 Att 1 (AK2)
Alternate Key 2 Att 2 (Ak2)

In this example, there are two alternate keys groups: group AK1, which has one attribute as a member, and group
AK?2, that has two. One extension that ERwin (a data modeling tool built by Computer Associates:
http://ca.com/products/alm/erwin.htm) usesis shown here:

Alternate Key Example
Primary Key
Alternate Key (AK1.1)

Alternate Key 2 Att 1 (AK2.1)
Alternate Key 2 Att 2 (Ak2.2)
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Note that there is an added <position number> notation tacked onto the AK1 and AK2 to denote the position of the
attribute in the key. In the logical model, technically this information should not be displayed, and certainly should
beignored. Logically, it does not matter which attribute comes first in the key. When akey is physically
implemented, it will become interesting for performance reasons only.

Foreign Keys

Foreign keys are also referred to as migrated attributes. They are primary keys from an entity, which serve asa
pointer to an instance in the other entity. They are again aresult of relationships which we will look at in the next
section. They are indicated much like alternate keys by adding the letters “FK” after the foreign key like this:

Foreign Key Example
Primary Key
Foreign Key (FK)

The diagram doesn’t show what entity the key is migrated from, and confusion can arise, depending on how
you choose your primary keys. Thisis alimitation of all modeling methodologies, as it would be unnecessarily
confusing to the process if we displayed the name of where the key came from for a

few reasons:

O  Thereisno limit (nor should there be) on how far a key will migrate from its original owner

O Itisalso not unreasonable that the same attribute might migrate from two separate entities,
especially early in the logical design process

Thisis one of the reasons for the primary key scheme we will employ in our logical model where we will simply
build a key named <entityName>ld as the key for an entity. The name of the entity is easily identifiable, and is
clearer in my opinion.

Domains

Domain is aterm that we are regrettably going to use in two very similar contexts. In Chapter 3, we learned that a
domain isthe set of valid values for an attribute. In IDEF1X, domains have a subtly different definition, which
encompasses this definition, but with a useful twist. In this case, domains are mechanisms that not only alow usto
define the valid values that can be stored in an attribute, but also provide aform of inheritance in our data type
definitions. As examples:

0O  String —acharacter string.
0O  Social SecurityNumber — a character value with a format of ##H#-##-#HHH;.

0O  Positivel nteger — an integer value with an implied domain of 0 to max(integer value).

We can then build subtypes that inherit the settings from the base domain. We will build domains for any attributes
that we use regularly, aswell as domains that are base templates for infrequently used attributes. For example, we
might have a basic character type domain, where we specify that all character data was not required. We might also
define domains named name and description for use in many entities, and they will define that these values are
required.

In logical modeling, there are just afew bits of information that we are likely to store, such as the genera type of the

attribute — character, numeric, logical, or even binary data. We must keep these domains as implementation
independent data type descriptions. For example, we might specify a domain of:
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0 GloballyUniquel dentifier —avalue that will be unique no matter where it is generated.

In SQL Server we might use a uniqueidentifier (GUID value) to implement this domain. In Oracle,
where there is not exactly the same mechanism, we would implement differently; the same would be
true if we used text files to implement the data storage.

When we start physical modeling, we will use the very same domains to inherit physical propertiesaswell. Thisis
the real valuein using domains. By creating reusable template attributes that will also be used when we start creating
columns, we reduce the amount of effort it takes to build simple entities, which make up the bulk of our work. It also
provides away to enforce company-wide standards by reusing the same domains on all of our corporate models.

Later on, physical details such as data type, constraints, and nullability will be chosen, just to name a few of the
more basic physical properties that may be inherited. Since we should have far fewer domains than implemented
attributes, we get the double benefits of speedy and consistent implementation. However, we may not employ the
inheritance mechanisms when we are building our tables by hand. Implementation of domainsis strictly based on the
tools used.

For example we might define the following hierarchy:

String

Where St ri ng is the base domain from which we then inherit Nane and Descri pti on. Fi | eNaneg,

Fi r st Nane, and Last Nane areinherited from Nane. During logical modeling, this might seem like alot of work
for nothing, because most of these domains will share some basic details, such as not allowing NULLSs, or blank data.
However, you may not alwaysrequire aFi | eName, whereas you may awaysrequirealast Nane. It isimportant
to implement domains for as many distinct attribute types as possible, in case you discover rules or data types that
are common to any domains that you set up.

FirstName LastName

Domains are one of the most exciting features of IDEF1X. They provide an easy method of building standard
attributes, reducing both the length of time required for such builds, and the number of errors that occur in doing so.
Specific tools implement domains with the ability to define and inherit more properties throughout the domain chain
to make creating databases easier. Obviously, if you are building your databases and models by hand, it islesslikely
that you will implement your tables using the inheritance of domains.

Domains or the datatype may be shown to the right of the attribute name in the entity, as such:

domainExample

attributeName: domainName

attributeName2: domainName
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So if we had an entity that held domain values for describing a type of person, we might model:

personType
personTypelD: primaryKey

name: name
description: description

In this case we have three domains:

0 PrimaryKey —whichisarow pointer for a migrating foreign key. Implementation is not implied by
building a domain, so we can implement this value in any manner we decide.

O Name-—ageneric domain for holding the name of an instance of an entity. By using this as our
standard name domain everywhere we want a name, we maintain consistency. If a given entity name
does not fit the same mold, we can create a new domain.

0O  Description —the same type of domain as the name domain, except to hold a description.

Naming

Attribute naming is a bit more interesting than entity naming. We stated that the entity name should never be plural.
The sameis technically true for attributes. However, at this point in the modeling process, we will gtill have attribute
names that are plural. Leaving the name as a plural can be agood reminder that we expect multiple values. For
example, we might have a Person entity with a Children attribute identified. The Person entity would identify a
single person, and the Children attribute would be there to identify sons and daughters of that person.

Standards for naming attributes have always been quite a hot topic with several different naming schemes having
been developed over the previous 30 years of databases. We will look at those in Chapter 10, when we begin to
implement our database. The naming standard we will follow is very simple.

O  Generaly, it is not necessary to repeat the entity name in the attribute name, except for the primary
key. The entity name isimplied by the attribute’s inclusion in the entity. Since the primary key will
be migrated to other entities, this small concession makes dealing with migration simpler, as we
don’t have to rename every attribute after migration, not to mention making joins cleaner in SQL.

0O  The chosen attribute name should reflect precisely what is contained in the attribute and how it
relates to the entity of the record.

0O  Aswith entities, no abbreviations are to be used in the logical naming of attributes. Every word
should be spelt out in its entirety. If any abbreviation is to be used, due to some naming standard
currently in place, then a method should be put into place to make sure that it is used consistently,
as was discussed earlier in the chapter.

Consistency isthe key to proper naming, so if you, or your organization, do not have a standard naming policy, it
would be worthwhile developing one. My naming principleis to keep it smple and readable, and to avoid
abbreviation. This standard will be followed from logical modeling into the physical phase. Whatever your standard
is, establishing a pattern of naming will make your models easy to follow, both for yourself and for your
programmers and users. Any standard is better than no standard.

Another step you should take isto inquire about your client’s (or employer’s) naming standards to promote future
supportability, rather than create new standards.
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Relationships

Up to this point, the constructs we have looked at are pretty much constant across all data modeling
methodol ogies. Entities are always signified by rectangles, and attributes are always words within
the rectangles.

However, relationships are a very different matter. Every methodology does relationships different. IDEF1X is quite
abit different from all others, in a primarily good way. The reason | favor IDEF1X isitsway of representing
relationships. To make this clear, we need to take alook at the terms par ent and child, and an example of a
relationship between them.

From the glossary in the IDEF1X specification, we find the following definitions:

0O  Entity, Child — The entity in a specific connection relationship whose instances can be related to
zero or one instance of the other entity (parent entity).

0O  Entity, Parent — An entity in a specific connection relationship whose instances can be related to a
number of instances of another entity (child entity).

0 Relationship — An association between two entities or between instances of the same entity.

These are remarkably lucid definitions to have been taken straight from a government specification. Every
relationship is denoted by a line drawn between two entities, with asolid circle at one end of that line.

Parent Child

] { )

The primary key of the parent is migrated to the child. Thisis how we denote aforeign key on amodel.

We will attempt to go through all of the different settingsin the IDEF1X methodology, followed by a brief look at
some of the other methodologies that it will be necessary for usto understand, as not everyone will use IDEF1X.
There are several different types of relationships that we will look at:

Table A Table B
O ldentifying E D

Table A Table B
0 Non-Identifying e «

Table A Table B
o optiona | S

O Recursive

,,,,,,,,,,,,,,,
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O Categorization or Sub Types

L ]

Table A Table B

0O Many ToMany

One-to-Many

The one-to-many relationship isreally kind of amisnomer, and can be considered as a one-to-any relationship. It
encompasses one-to-zero, one, many, or perhaps exactly n relationships. Technically we will see that it is more
accurately one-to- (from m to n), as we are able to specify the many in very precise (or very l0ose) terms as the
situation dictates. However, the more standard term is one-to-many and we will not try to make an aready confusing
term more so.

There are two main types of one-to-many relationships, the identifying and (unsurprisingly) the non-identifying.
The difference, as we will see, iswhere the primary key ismigrated. There are quite afew different permutations of
one-to-many relationship settings, and we will look at all of the them and how to denote them in this section.

Identifying Relationships

Theidentifying relationship indicates that the migrated primary key attribute is migrated to the primary key of the
child asfollows:

Parent Child
Parent Primary Key

Child Primary Key
Attribute 1 Parent Primary Key (FK)

Attribute 2 ]
Attribute 1
Attribute 2

Note that the child entity in the relationship is drawn as a rounded-edged square, which meansit is a dependent
entity. The reason thisis called the identifying relationship is that we will have to have a parent instance in order to
be able to identify a child instance record. The essence (defined as “the intrinsic or indispensable properties that
serve to characterize or identify something”) of the child instance is defined by the existence of a parent.

In other words, the identification and definition of the child record is based on the existence of the parent record. An
example is a purchase order and its line items.Without the purchase order, the line items would have no reason to
exist.
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Non-Identifying Relationships

The non-identifying relationship indicates that the primary key attribute is not migrated to the primary key of the
child. They are used more frequently than the identifying relationship. Whereas identifying rel ationships were based
on needing the existence of the parent to even have areason to exist, the non-identifying relationship is (not
surprisingly) just the opposite. Taking the example of the purchase order, consider the product vendor. They do not
define the existence of aline item. Vendor in this case may be required or not required as the business rules might
dictate, but generally business rules will not dictate whether a relationship isidentifying or non-identifying; the data
itself will by its fundamental properties.

Non-identifying relationships are modeled by a dashed line:

Parent Child

Why should you use an identifying instead of a non-identifying relationship? The reason is actually pretty simple. If
the parent entity (as we stated in the previous section) defines the essence of the child, then we will use the
identifying. If on the other hand, the relationship defines one of the child’s attributes, then we use a non-identifying
relationship.

As another contrasting example, consider the following:
O ldentifying — Say you have an entity that stores contacts and an entity that stores the contact’s

telephone number. The contact defines the phone number, and without the contact, there would be
no need for the contactPhoneNumber.

Contact

[ ]

ContactPhoneNumber

C J

O Non-ldentifying — Taking the enties that we defined for the identifying relationship, along with an
additional entity called contactPhoneNumber Type. This entity is related to the contactPhoneNumber
entity, but in a non-identifying way, and defines a set of possible phone number types (“Voice”,
“Fax”, etc.) that a contactPhoneNumber might be. The type of phone number does not identify the
phone number; it simply classifiesit.

Contact

[ ]

ContactPhoneNumber

C J

ContactPhonéNumberType
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The contactPhoneNumber Type entity is commonly known as a domain entity or domain table.
Rather than having a fixed domain for an attribute, we design entities that allow programmatic
changes to the domain with no re-coding of constraints or client code. As an added bonus we can
add columns to define, describe, and extend the domain values to implement businessrules. It also
allows the client user to build lists for usersto choose values with very little programming.

There are two different classes of non-identifying relationships, mandatory and optional. We will now take a closer
look at these in the next two sections.
Mandatory

M andatory non-identifying relationships are so called because the migrated field in the child instance is required.
When this relationship isimplemented, the migrated key should be marked as NOT NULL.

Parent Child
Parent Primary Key Child Primary Key
Attribute 1~ o Parent Primary Key (FK)
Attribute 2 Attribute 1
Attribute 2

Note that the child entity does not have rounded off cornersin this example. Thisis because both
enties are independent, since none of the primary key attributes for the child are foreign keys.

Another example of such arelationship might come from a movie rental database:

genre movie

Therelationship might be Genr e <cl assi fi es> Movi e, wherethe Genr e entity is the one entity, and

Movi e isthe many. It would be mandatory that every movie being rented must have a genre so that it can be placed
on the shelves.

Optional

We may not always want to force the child to have a value for the migrated key. In this case we will set the migrated
child key to optional, which if implemented in this manner will dictate allowing null values. Since the non-
identifying relationship denotes that the parent is an attribute of the child, thisis the same as having an optional
attribute (nullable attribute).

We signify this by an open diamond at the opposite end of the line from the black circle, as shown:

Parent Child
Parent Primary Key Child Primary Key
Attribute 1~ 0 K> -e Parent Primary Key (FK)
Attribute 2 Attribute 1
Attribute 2
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If you are wondering why there is not an optional identifying relationship, it is due to the fact that you may
not have any optional attributes in a primary key; thisistrue for IDEF1X as well as SQL Server 2000.

For a one-to-many optional relationship, consider the following:

invoice

invoiceLineltem discountType

Thei nvoi ceLi nel t ementity iswhereitems are placed onto an invoice to receive payment. Then consider that
we sometimes will apply a standard discount amount to the line item. The relationship then from the
i nvoi ceLi nel t emtothedi scount Type entity isan optional one.

Cardinality

The cardinality of the relationship denotes the number of child instances that can be inserted for each parent of that
relationship. The following table shows the six possible cardinalities that relationships can take on.

Parent Child Parent Child
One-to-zero-or-more One-to-one-or-more (at least one)

Parent Child Parent Child

z 4-8

One-to-zero-or-one (no more than one) One-to-four-through-eight

Parent Child Parent Child
| ) ] -
One-to-exactly-N (in this case five, meaning Specialized note describing the cardinality
each parent must have five children)

A possible use for the one-to-one-or-more might be to represent the relationship between a guardian and a student in
aschool database:

Guardian Student
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I like this example, because it expresses the need extremely well. It says that for aguar di an record to exist, a
student must exist, but a student record need not have a guardian for us to wish to store their data.

Another examplethat | really like to look at when discussing cardinality isthe following. Consider the case of aclub
that has members and certain positions that they should or could fill:

Member Position
S <
Member Position
o[ b o
z
Member Position
I :
0-2

In example A, we are saying that amember can take as many positions as there are possible positions. In the second,
we are stating that they can only servein one position, and inthefinal 0, 1, or 2. They all look about the same, but
the Z or 0-2 has great meaning.

| considered including examples of each of these cardinality types, but in most cases it was too difficult or too silly,
so we have merely mentioned afew of the more typical ones. However, it is very nice to have them available in case
they do become necessary.

Role names

A role nameis an alternative name we give an attribute when we use it as aforeign key. The purpose of arole
name is that we sometimes need to clarify the usage of a migrated key, because either the parent entity is very
generic and we want to specify a very specific name, or we have multiple relationships from the same entity. As
attribute names must be unique, we have to assign different names for the child records. In our example:

Parent
Parent Primary Key

Child i 1
Child Primary Key

Parent Primary Key 2.Parent Primary Key (FK)
Parent Primary key 1.Parent Primary Key (FK)

We have two relationships from the parent entity to the child entity, and the migrated attributes have been named as
[Parent Primary Key 1] and [Parent Primary Key 2].

127



Chapter 5

Asan example, say you have a User entity, and you want to store the name or ID of the user who created an Object
entity. We would end up with asituation like this:

User
Primary Key

Object ; i
Primary Key

Created For Primary Key.Primary Key (FK)
Created By Primary Key.Primary Key (FK)

Note that we have two relationships to the Object entity from the User entity. One is named [Created For Primary
Key] and the other is[Created By Primary Key].

This example a so shows why you would put the name of the entity into the primary key attribute. When you
migrate the primary key to another entity, it isimportant to know what the original parent entity is. Since we have a
[Primary Key] attribute in the Object entity, we would have had to name the first attribute as well as the second.

Other Types of Relationships

There are afew other, lessimportant relationship types that are not employed that much. However, they are
extremely important to understand.

Recursive

One of the more difficult relationships to implement, but one of the most important, istherecursiverelationship,
also known asaself-join, hierarchial, self-referencing or self-relationship. Thisis modeled by drawing a non-
identifying relationship not to a different entity, but to the same entity. The migrated key of the relationship is given
arole name (and | generally use a naming convention of adding “parent” to the front of the attribute name, but thisis
not a necessity).

Tree Entity
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The recursive relationship is useful for creating tree structures, asin the following organization chart.

‘ IT ‘ ‘ HR ‘ ‘ Marketing ‘

Database

Programming Management

To explain this concept we will need to look at the data that would be stored to implement this hierarchy:

organization

We will treat the organizationName as the primary key and parentOrgani zationName as the migrated, rolenamed
attribute that indicates the self-reference to thejoin:

or gani zat i onNare par ent Or gani zat i onNane
All <nul | >

I'T All

HR All

Mar ket i ng Al l

Pr ogr anmi ng I T

Dat abase Managenent 1T

The org chart can now be rebuilt by starting at ‘All’, and getting it'sfirst child, ‘IT’. Then we get the first child of
‘IT", ‘Programming’. ‘ Programming’ has no children, so we go back to ‘1T’ and get it's next child, ‘ Database
Management’, etc. The recursive relationship is so named because a popular algorithm for implementing such data
structures in functional programming languages uses recursion to handle the process we simulated in our example.

Asone final example, consider the case of a person entity, where we store the name, address, etc. of people that we deal
with. If wewish to build this entity with the ability to point to a spouse, we might design the following:

person

personld

fffffff

spousePersonld (FK)

is the spouse of

Notice that we also set this as a one-to-zero-or-one relationship, since (in most places) a person may only have a
single spouse.
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Categorization Relationships

Categorization relationships (also referred to as sub-types) are another specia type of one-to-zero-or-one
relationship used to indicate whether one entity is a specific type of a generic entity. Note also that there are no black
dots on either end of the lines; the specific entities are drawn with rounded off corners, signifying that they are
indeed dependent on the generic entity.

Using this type of relationship we have three distinct parts:

Generic Entity

@) <—— Discriminator

More Specific Entity Other More Specific Entity

O Generic Entity — Thisis an entity that contains all of the attributes that are common to all of the
sub-typed entities.

0O Discriminator — Thisis an attribute that acts as a switch to determine the entity where the
additional, more specific information is stored.

0O  Specific Entity — Thisis the place where the specific information is stored, based on the
discriminator.

For example, let’slook at avideo library. If you wanted to store information about each of the videos that you
owned, regardless of format, you might build a categorization relationship like:

Video

format

VHS DVD

These types of relationships are typically known as*“ is-a” relationships—a VHSisa video, and a
DVD isavideo.

In this manner, you might store the title, actors, length and possibly description of the content in the Video entity,

and then, based on format which is the discriminator, you might store the information that is specific to VHS tapes or
DVD in their own separate entities, like specia features and menus for DVDs, long or slow play for VHS tapes.
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There are two distinct types of categories, complete and incomplete. The complete set of categoriesis modeled
with adouble line on the discriminator, and the incomplete with asingle.

L J ] L ]

Complete set of categories Incomplete set of categories

The primary difference between the complete and incompl ete categories is that in the compl ete categorization
relationship, each generic instance must have one specific instance; in the incomplete case this is not necessarily true.
For example, we might have a compl ete set of categorieslike this:

Employee

Thisrelationship is read: “An employee must be either be male or female.” Thisis certainly a complete category as
there are no other recognized sexes. However, take the following incomplete set of categories:

Employee

Salaried

In this case we have an incompl ete sub-type, because employees are either salaried or hourly, but there may be other
categories, such as contract workers. \We may not need to store any additional information about them, so we do not
need the specific entity. This relationship isread as: “An employee can be either salaried or hourly or other.”

Many-To-Many

The many-to-many relationship is also known as the non-specific relationship, which is actually a better name, but
far lesswell known. It is very common to have many-to-many relationships in our logical models. In fact, the closer
you get to a proper database model, the more you find that every relationship will be of the many-to-many type. In
the early stages of modeling, it is helpful to define relationships as many-to-many even if you can see them changing
during implementation.
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They are modeled by aline with a solid black dot on either end:

Entity X Entity Y

s

Note that we cannot actually implement this relationship in the physical model, so we frequently go directly to a
more implementati on-specific representation:

Entity_X Entity_X_Entity Y Entity_Y

e S - B

Here the intermediate Entity X_Entity Y entity isknown as aresolution entity. In our modeling, we will stick with
the former representation when we have not identified any extended attributes to describe the relationship, and the
|atter representation when we have.

To make that a bit clearer, let'slook at the following example:

Customer Product
Customerld Productid
Name Name

In this situation, we have set up arelationship where many customers are related to many products. Thisis avery
common situation, as we seldom create specific products for specific customers; rather, any customer can purchase
any of the products. At this point of modeling, we would use the many-to-many representation. However, if we
discover that the customer can only be related to a product for a certain period of time, we might choose to represent
this by the other representation:

Customer Product
Customer Product
Productld
Customerld Customerld Productld
Name BeginDate Name
Enddate

In fact in most cases, we will find that the many-to-many relationship will require some additional information to
make it complete.

Verb Phrases (Naming)

Relationships are given names, which are called ver b phrases, which make the relationship between a parent and child
entity a readable sentence, which incorporates the entity names and the relationship cardinality. The nameis usualy
expressed from parent to child, but can be expressed in the other direction, or even in both directions. The verb phraseis
located on the model somewhere close to the line that forms the relationship:

Parent Child

E Relationship Name @
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The relationship should be named such that it fitsinto the following general structure for reading the entire
relationship.

parent cardinality — parent entity name — relationship name — child cardinality — child entity name

For example, the following relationship:

contact phoneNumber

Would be read:

One contact is phoned using zero, one, or mor e phoneNumber (s).

Of course, the sentence may or may not make perfect grammatical sense, as this one brings up the question of how a
contact is phoned using zero phone numbers. Obviously if we were trying to present this to a non-technical person, it
would make more senseto read it as:

One contact can either have no phoneNumber or may have one or mor e phoneNumbers.

Obviously the modeling language does not take linguistics into consideration when building this specification, but
from atechnical standpoint, it does not matter that the contact is phoned using zero phone numbers, since it follows

that they have no phone number.

Being able to read the relationship helps us to notice obvious problems. For instance, the following relationship:

contactType contact
classifies

looks fine at first glance, but when read like this:
One contactType classifies zero or one contact

it doesn’t make logical sense. Likely we will want to correct this situation in our model to:

contactType contact

which now reads:
One contactType classifies zero or more contacts.

Note that the type of relationship, whether it isidentifying, non-identifying, optional, or mandatory, makes no
difference when reading the relationship.

We can also include a verb phrase that reads from child to parent. For a one-to-many relationship this would be of
the following format:

one child record (relationship) exactly one parent record.
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In the case of our first example, we could have added an additional verb phrase:

contact phoneNumber
may be used to phone

Thiswould be read exactly opposite to the previous examples, as:

One phoneNumber may be used to phone exactly one contact

Since we are going from the many to the one, we will always know that the parent in the relationship will have
one related value, and since we are reading in the context of the existence of the child, we can also assume that
there is a single child record to consider in the sentence.

Alternate Methods of Relationship Display

In this section we will attempt to briefly describe two other modeling methodol ogies that you will likely run into
frequently when designing databases for SQL Server 2000.

Information Engineering

The information engineering methodology is very well known and widely used. It isreally quite popular, and does a
very good job of displaying the necessary information. It is a'so known affectionately as the crow’ s foot method.

By varying the basic symbols on the end of the line, we can arrive at all of the various possibilities for relationships.

The following table shows the different symbols that we can employ to build relationship representations:

Symbol Description

Many — The entity on the end with the crow’ s foot denotes that there
can be greater than one value related to the other entity

Optional — Indicates that there does not have to be arelated instance
on this end of the relationship for one to exist on the other. What has
been decribed as Zero-or-More as opposed to One-or-More.

Identifying Relationship — The key of the entity on the other end of
the relationship is migrated to this entity.

Non-required Relationship — A set of dashed lines on one end of the
relationship line indicates that the migrated key may be null.

I
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For example:

Table A

Table B

]

Table A

One-To-Many Non-ldentifying Mandatory

o |

Table B

]

Table A

Table A

One-To-Many Identifying Mandatory

One-To-One Identifying Optional

<]

Table B

Table B

P

Many-To-Many

< |

The attributes are shown in much the same method as IDEF1X uses, inside the rectangle. This notation is not as
clean as IDEF1X, but it does avery good job and is likely to be used by some of the documents that we will come
across in our work as a data architect. |E is also not aways fully implemented in any tools. However, the circle and
the crow’ s feet are generally implemented properly.

Further details regarding this methodology can be found in “Information Engineering” (Prentice Hall, ISBN

013464462X (vol. 1), 0134648854 (vol. 2), and 013465501X (vol. 3)).

Chen ERD

The Chen ERD methodology is quite a bit different, but is pretty self-explanatory. In the following graphic, we
present a very simple diagram with the basics of the Chen diagram shown.

Entity 1

1 and Only 1

Relationship
Name

0 to Many

Entity 2
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Each entity is again a rectangle; however, the attributes are not shown in the diagram, but are attached to the entity
in circles. The primary key is denoted as double underlined. The cardinality for arelationship is denoted in text. In
the example, it is 1 and Only 1 Entityl <relationship name> 0 to Many Entity2.

The primary reason for including the Chen ERD format isfor contrast. At least one other methodol ogy (Bachman)
implements attributes in this style, where they are not displayed in the rectangle. While | understand the logic behind
this (they are separate objects), | have found that models | have seen in this format seemed overly cluttered, even for
very small diagrams. It does, however, do an admirable job with the logical model and does not over rely on an
arcane symbology to describe cardinality. While | am not saying it does not exist, | personally have not seen this
implemented in a database design tool other than Microsoft Visio, but many of the diagrams you will find on the
Internet will bein this style, so it isinteresting to understand. Further details can be found in The Entity Relationship
Model — Toward a Unified View of Data, (ACM Transactions on Database Systems, Volume 1, No. 1 (March 1976),
pp 9-36).

Microsoft SQL Server Diagram Tools

In the Enterprise Manager of SQL Server, a new tool was added to version 7.0 that was pretty neat; a database
diagram toal. It also has afairly interesting manner of displaying entities. The following is an example of a one-to-
many relationship:

7 | childid
Attributel
Attributez
ParentId

¥ |Parentld
Artributel
Artributez

The primary keys are identified by the little key in an attribute. The relationship is denoted by the line between the
entities with the one end having a key, and the many end having an infinity sign.

We can display the entities in several formats, such as just showing the names of the entities, or showing all of the
attributes, with datatypes:

Column Mame Data Tyvpe Length | Allow Fulls |
% | ParentId ink 4
Attribukel varchar 50
Attributez warbinarsy 50 ' W =

In the following graphic, | have made a model of the entire Nor t hwi nd database using the diagramming tool to
show that it doesin fact do agood job of displaying the model:
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However, while it does have its place, it is not afull featured data modeling tool and should probably not be used as
such if possible. We are including the SQL Server modeling methodology because it isincluded in SQL Server and
it isunderstood that in some situations it is the best tool that you may have accessto. It is only aphysical modeling
tool, and it does give access to all implementation specific features of SQL Server, including the ability to annotate
our tables and columns with descriptive information. It isagreat tool for sharing the current structure with database
developers. Since it isimplementation specific, if we decide to implement arelationship in atrigger it will not know
that it exists.

In most cases these tools are not the optimal way to see actual relationship information that is designed into the
database, but it does give a serviceable look at the database structure when needed.

Descriptive Information

We have drawn our entities, assigned attributes and domains to them, and and set up relationships between them, but
we are not quite done. We have discussed naming our entities, attributes, and even our relationships, but even with
well-formed names, there will till likely be confusion as to what exactly an attribute is used for.

We must add comments to the picturesin our model. Comments will let the eventual reader, and even yourself,
know what you originally had in mind. Remember that not everyone who views the models that we create will be on
the same technical level, in that some will be non-relational programmers, or indeed users or (non-technical) product
managers who have no modeling experience.
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We have already had a good start on this process in the previous chapter, where we added this information to our
Word document. It should be noted that once we find a data modeling tool we are comfortable with, we will be able
to enter all of the data we entered in the previous chapter and more. Thiswill prove much faster than using a Word
document to store all of the information we put into our document, and then transferring it to a data model.

Descriptive information need not be in any special format; it simply needs to be detailed, up to date, and capable of
answering as many questions as we can anticipate will be asked. Each of these bits of information should be stored
in amanner that makes it easy for usersto quickly tie it back to the part of the model where it was used, and should
be stored either in a document or as metadata in a modeling tool.

Questions such as:

0 What isthe object supposed to represent?

0 How will beit used?

0 Who might useit?

0  What are the future plans for the object?

The scope of the descriptions should not extend past the object or entities that are affected. For example, the entity

description should refer only to the entity, and not any related entities, relationships, or even attributes unless
necessary. Attribute definitions should speak to only the single attribute, and where their values might come from.

Maintaining good descriptive information is egivalent to putting decent comments in code. As the database is always
the central part of any computer system, comments at this level are more important than any others. For example,
say we have the following two entities:

contactType contact
contactTypeld classifies contactld
name contactTypeld (FK)
description name

We might have the following very basic set of descriptive information stored to describe the attributes that we have
created:

Entities:
Contact Persons that can be contacted to do business with
Attributes Description
Contacted Primary key pointer to a contact
contactTypeld Primary key pointer to a contactType
name The full name of a contact
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Domain of different contact types

ContactType
Attributes Description
contactTypeld Primary key pointer to a contactType
name The name that the contact type will be uniquely known as
description The description of exactly how the contact should be used
Relationships:

Parent Entity Name | Phrase

Child Entity Name

Definition

ContactType classifies

contact

Contact type classification. Was required
by specifications.

Case Study

In our previous chapter, we had built a document that has all of the different objects that we need to model. In this
case study, we simply want to transfer all of the information that we put in the document and turn it into a set of
graphical models where that makes sense.

Use Case

We start with the use case, because that is generally the first model that you need to create. In our case study, the
interviewer has identified two actors, a general account user and the accounting clerk. Whilst an account user will
want to be able to perform actions such as getting account information, withdrawing money, making deposits and so
on, the accounting clerk needs to be able to do tasks such as accessing accounting information and entering
tranasactions. We can summarize the actors and use cases we have identified as being of interest to us when we start
to build security and write procedures, as follows:

Actors:

Name

Description

General Account User

Any user who can deposit or withdraw money from the account

Accounting Clerk

User who has the ability to enter and maintain accounts

Use Cases:

Name Description

Get Account Information Allows users to retrieve account information such as name of bank, balance, etc.
Enter Transaction Allows user to record that a transaction has occurred

Enter Check Allows user to specificially record a check type transaction

Balance Allows user to reconcile items that have been reported by the bank

Download Statement Allows user to download the items from the bank that the bank has committed
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Withdraw Money Users getting money from account to spend
Make Deposit Users putting money into account
Write Check Users writing a paper document and giving it to another person to transfer funds

In developing area system, the use caseis avery important part of design. However, since our example is actually
tailored around keeping it simple, we will not be working too hard at getting a perfect use case model. The following
use case is a possible outcome of the analysis we have performed:

GetAccount
Information

Enter
Transaction

<<extends>>

General Accounting
Account Clerk
User

Withdraw
Money
Make
Deposit

140



Data Modeling

Though far from a complete process analysis, this model gives a good set of use cases and actors for our minor
checking account system. Note that we have worked in an example of <<uses>> and <<extends>> to make our
example more complete. Balance uses download transactions (if possible) to go out and get the transactions from the
electronic source, and enter check <<extends>> enter transaction because a check has pretty much the same
information as a general transaction, with afew additions. We have not included deposits or direct withdrawals as
separate use cases, to save space.

Thisisasfar aswe are going to go with the use cases. What we have given hereis simply ateaser, specifically to
help us, as data architects, to build amodel that explains what the processesin our system are. Further details can be
found in the specification (the full document is available at http://www.rational.com/uml), or by reading Pierre-
Alain Muller’s“Instant UML” (Wrox Press, ISBN 1861000871). Then you can get one of the several UML tools
available and begin using use cases and UML. UML islikely to be around for quite a while and a thorough
understanding of it will make it easier to communicate with the non-relational analysts that we have to deal with.

Data Model

Once we have finished identifying processes, we move to the main business of building a data model to establish our
preliminary database architecture. The first step in data modeling is to model the entities and attributes that we have
previoudly identified.

Note: For the rest of the case study, we are usually going to assume that any definitions that we
have previously added are contained in the model. We cannot expand all of the fields to show
definitions. We will, however, try to give definitions for all new objects that we create.

So we simply create entities for each of our objects adding all of the attributes, choosing a base type domain as
follows:

Account Bank Statement

Name: String Type: String

PreviousBalance: Number
PreviousBalanceData: Datetime
CurrentBalance: Number
StatementDate: Datetime
TotalDebits: Number
TotalCredits: Number

Number: String
Balance Date: Datetime
Running Total: Number

Transaction

DirectWithdrawal

Date: Datetime
Number :String
Description: String
Amount: Number
Type: String

Check

WithdrawalDate: Datetime
Number: Number
Amount: Money

Deposit

UsageType: String
Number: String
DateWritten: Datetime
Amount: Money
Memo: String
Signature: Blob

Date: Datetime
Number: Number
Description: String

Amount: Money

Balancingltems: Number

CheckRegister

RegisterType: <unknown>

Payee

Name: Number
Address: Address

PhoneNumber: Phone Number
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Now we have all of the entities from the previous chapter’ s case study in afar more compact and easy to follow
format.

The next step is to identify any relationships where the two objects are basically the same thing, and implement them
as sub-types. We have one such example in our case study in that the check, deposit, and directWithdrawal entities
areall just types of transactions.

Note that we have added the type attribute as our discriminator for the subtypes, and have removed all of the
attributes that that were duplicates of the ones that were already in the transaction entity.

Transaction

Date:

Number

Description

Amount

Type

_ (O Type
Check Deposit DirectWithdrawal

Memo K j
Signature
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The next step isto add and name all of the relationships on the model. We still have not added primary keysto the
model, so we don’t have any migration of keys at this point. It makes the implementation cleaner to start with. We
will actually add them as our last step.

Bank Statement
offers sends
l Name Type
PreviousBalance
Account PreviousBalanceData

CurrentBalance

StatementDate
Number TotalDebits
Balance Date TotalCredits

Running Total Balancingltems

transfers funds by entering

Transaction

CheckRegister

Date:
Number
Description
Amount
Type

RegisterType

Payee

Name
Address

‘ PhoneNumber

DirectWithdrawal Deposit Check

UsageType
Memo
Signature

has money transferred
to them via

|

Notice that we see the payee-to-check relationship as a non-identifying relationship. This is because a check is not
identified by its payee, since payee is merely an attribute of a check. It is, however, required.

Thefinal step in building our initial model is to identify any natural unique keysin the data. For instance, in the
account entity, the number is likely to be a unique value. In the bank entity, we have a name of the bank that should
be unique. Transactions will probably have a unique number to identify them. Our guesses will sometimes be right
and sometimes not quite so right, but they are logical guesses. As always, anytime you guess you must verify, and
your model and supporting documentation should always give an indication when you do so.
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For example, in the transaction entity we have set the number attribute as unique. This makes logical sense on first
pass, but as we progress we will (hopefully) realize that a transaction’s number is only unique for a given account.
There are several wrong ways to deal with this situation such as appending the number of the account to the start of
every transaction. (Thisiswhat is known asasmart, intelligent or compound key and it may be hard to readily
decipher, asit does not stand out on the data model.). The right implementation will be to add the account entity’s

primary key to the alternate key we have devised. Thiswill mean that our model now looks like this:

offers

Bank

l

Account

Number (AK1.1)
Balance Date
Running Total

transfers funds by entering

Transaction

Date:
Number (AK1.1)
Description
Amount

Type

sends

Statement

Name (AK1.1)

DirectWithdrawal

Deposit

|

Check

Type
PreviousBalance

CurrentBalance
StatementDate
TotalDebits
TotalCredits
Balancingltems

CheckRegister

PreviousBalanceData

RegisterType

Payee

Name (AK1.1)
Address
PhoneNumber

UsageType
Memo
Signature

has money transferred

to them via
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In this model, typically we will use integers as the primary key, so they need not be editable. It also makesthe
choice easy at this point. The choice of primary key islargely a personal choice, but in this book we have made the
point of generally sticking with using a more pointer-oriented primary key. We will expound on why to physicaly
implement keysin thisway in Chapter 10. However, as we have said earlier, by not choosing a proper primary key
at this point, we do not end up with amessy model devel oped from keys migrating about.

Account Bank Statement
Bankid offers Bankld sends Bankld (FK) w
Accountld Name (AK1.1) Statementld
Number (AK1.1) Type
Balance Date PreviousBalance

PreviousBalanceData
CurrentBalance
StatementDate
TotalDebits
TotalCredits
Balancingltems

Running Total

transfers funds by entering

Transaction

Bankdld (FK)
Accountld (FK) -
Transactionld (FK) CheckRegisterld

CheckRegister

Date: RegisterType
Number (AK1.1)
Description
Amount

Payee
Payeeld

Name (AK1.1)
‘ Address

PhoneNumber

DirectWithdrawal Check
Bankdld (FK) Bankdld (FK)

Accountld (FK) Accountld (FK)
Transactionld (FK) Transactionld (FK) | has money transferred

to them via
) eposi UsageType

Memo
Bankdld (FK) Signature
Accountld (FK)

Transactionld (FK)
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The final step we need to take isto choose logical domains for each of the attributes. The idea at this point isto
try to group like attributes in the same domain, as, for example, in the case of the date attribute in transaction, the
previousBalanceDate in statement and the balanceDate in the account entity. For the primary key attributes, we
will give them adomain of primary key, and leave it at that for now. Our model now looks like this:

Account Bank Statement

Bankld: PrimaryKey (FK) offers Bankld: PrimaryKey sends Bankld: PrimaryKey (FK)
Accountld: PrimaryKey Name: Name (AKL.1) Statementld: PrimaryKey
Number: AlphaNumericNumber (AK1.1) - Type: Code

BalanceDate: Date PreviousBalance: Amount
RunningTotal: Amount PreviousBalanceDate: Date

CurrentBalance: Amount
StatementDate: Date
TotalDebits: Amount
TotalCredits: Amount
Balancingltems: Balancingltems

transfers funds by entering

Transaction
Bankdld: PrimaryKey (FK) ‘

CheckRegister
CheckRegisterld: PrimaryKey

Accountld: PrimaryKey (FK)
Transactionld: PrimaryKey
Date: Date RegisterType: Code
Number: AlphaNumericNumber (AK1.1)

Description: Description

Amount: Amount

Type: Code
Payee
Type Payeeld: PrimaryKey

Name: Name (AK1.1)
‘ Address: Address

PhoneNumber: PhoneNumber

DirectWithdrawal
Bankdld: PrimaryKey (FK)
Accountld: PrimaryKey (FK)
Transactionld: PrimaryKey (FK)

Check
Bankdld: PrimaryKey (FK)
Accountld: PrimaryKey (FK)
Transactionld: PrimaryKey (FK)| has money transferred

to them via

| Deposit Bayeelgz Pr_irga;yKey (FK)
Bankdld: PrimaryKey (FK) sagelype: Lode

Signature: Blob
Accountld: PrimaryKey (FK) gnature: =0
Transactionld: PrimaryKey (FK)

We will continue to assign domains to every one of the attributes that we create as we continue through the logical
modeling phase. At this stage we have discovered and used the following domains:

Address Includes an entire address

A valuewhich is generally referred to as a number but actually allows

AlphaN icNumb
phatiumericimber alpha and numeric data

A monetary value

Amount

Balancingl tems Group of itemswe need in order to balance account
Blob Picture, document store in Binary Large Object format
Code A value used as a kind of atext pointer
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Date Date value

Name The readable tag that is assigned to an instance of an entity for easy
access

PhoneNumber Entire phone number

PrimaryK ey Used as a pointer to an instance

We will not do too much more in terms of assigning predicates to them at this point, as we will be making quite a
few changes to the model in the next few chapters, and we will no doubt discover more domains (and remove a few).
We will however keep up with the process of adding domains, any time we create a new attribute, as our model

becomes more mature.

Asyou can see, the model is beginning to get a bit larger, as well as showing signs of an implementable structure.
We will be making alot of changes to the structure in the upcoming chapters, but the final structure will still vaguely

resemble what we have here.

At this point, we will take the definitions that we gathered previously, into our attributes. As an example, we will

take the statement entity:
Statement Represents a document (paper or electronic) that comes from the bank once a
calendar month that tells us everything that the bank thinks we have spent
Attributes Description
bankid Primary key identifier for a bank
statementld Primary key identifier for a statement instance
type Identifies the type of statement gotten from the bank

previousBalance

Specifies what the balance was supposed to be after the last statement was
balanced

previousBalanceDate

Specifies the date that the account was last balanced

currentBalance Specifies what the balance of the account is after al of theitemsin the
statement have been reconciled

statementDate The date that the current statement was issued

total Credits Sum of all items that have added money to the account during the statement
period

total Debits Sum of all items that have subtracted money from the account during the

statement period

balancingltems

All of theitems that the bank has processed and is now reporting back to us
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Summary

In this chapter we have looked at taking the textual design we arrived at in the previous chapter, and putting it into a
more concise graphic format.

We have introduced two specific modeling types, namely the UML and IDEF1X data models. We took a brief look
at UML, and specifically use cases, primarily to enable usto draw use case diagrams to model the processes that we
will no doubt discover during the database design phase.

In data modeling, we focused heavily on the IDEF1X modeling methodology, taking a detailed look at the
symbology we will need in our design work. The base set of symbols that we have outlined, will enable usto fully
model our logical databases (and later physical databases) in great detail.

Thelast point to be made was that for every entity, and every attribute we discover during the process we should at
the very least identify the following detailed properties:

Property Purpose
Name Name that will fully describe the purpose for the entity or attribute.
Description Full explanation that when read within the context of the attribute and entity will

explain what the purpose of the attribute is for programmer and user alike.

Predicates (Domain) Generally, predicatesindicate ANY rulesthat govern our datain or out of our database.
Itis generally acceptable to simply set adomain (single column predicate based on
constraints and data types during physical modeling) and document other predicates at a
table or database level.

We will use this descriptive information later in the processto build our check constraints, our triggers, etc. in order
to protect and use the data to produce a bulletproof data store. In this way the user can have confidence that what
they specified, and agreed to, will indeed be what is stored in the database.

Having considered the symbology we require to model our database, we now need to go on to consider normalizing
our design, and will do so in the following chapters.
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Normalization Techniques

No matter what database system you are designing, normalization is a vital process that needs to be performed to
ensure that the database contained within your system is both accurate and doesn’t contain duplicated information.
Normalization can be summed up in a single sentence, “ Every entity in your database needs to have a single theme”.
(http://www.gslis.utexas.edu/~1384k11w/normstep.html.)

The different levels of normalization of a database indicate how well the structure adheres to the recognized
standards of database design, although after the third level there is some contention among database developers asto
how useful the further levels are. We'll consider these arguments in the next chapter.

Asyou might have guessed, database structure is one of the most polarizing topics for the database architect.
Disagreements often arise between database architects and client developers over how to store data. Why? Because
no two database designs are the same and there are always several correct ways to structure a database. In this
chapter and the next we will look at the guidelines which help avoid the many, many ways you can structure a
database poorly.

An Online Transaction Processing (OLTP) database that hasn't been normalized is generally quicker to build for a
client thefirst time as there are far fewer tables. This benefit soon disappears when minor user changes are required
after the system isin production. Expert database designers realize that changes in data structure have large costs
associated with them. When there are no rows in atable and no code to access the tables, structure changes may
simply take minutes. When we have added a hundred rows to a table, with seven of its related tables having ten rows
each, and programmers having written hundreds of lines of code, we can easily burn an hour of prime surfing time
changing the table structure. If there are amillion rows in the table, forget about it. Once we have changed the table
structure, we then have to change all of the code that accesses the table. Normalization will also save a great deal of
storage space as amajor goal isto avoid repeating data.
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The process of normalization also ensures consistent entity structures which will help us to avoid modifying our
existing entities in the future. If we have done a decent job on the data-gathering portion of the project, when we
are finished, the normalization process should have weeded out most of the trouble areas in the database.
Obviously | am not saying that, once you have implemented your design, you can’t change it, as expansions and
changes in business practice could create much needed amendments. However, it is easier to add new information
and new entities to a fully normalized database.

This chapter and the next will go through the recognized techniques of normalization, and you will see that the
results of normalization will minimize the inclusion of duplicated information in your databases, and make them
easier to manage and modify, and also more secure — although it will create alot more entities.

Why Normalize?

There are many reasons to normalize data structures.

Reducing NULLs

NULLs can be very detrimental to dataintegrity and performance, and can make querying the database very
confusing. However, NULLs are an entire subject in their own right; alot of space can be devoted to how SQL
Server 2000 handles them and how you can avoid them or minimize their impact in your databases. So, rather than
digressing here, the rules of NULL handling will be covered in Chapter 12 in more depth. However, the process of
normalization can lead to there being fewer NULL values contained in your database.

Eliminating Redundant Data

Any editable piece of datathat isn’t aprimary key of atable (or part of one) but isaforeign key (or part of one) that
occurs more than once in the database, is an error waiting to happen. No doubt we have all have seen it before—a
person’s name stored in two places, then one version gets modified and the other doesn’t, and suddenly we have two
names where before there was just one.

The problem with storing redundant data will be very obvious to anyone who has moved to a new address. Every
government authority requiresyou to individually change your address information on tax forms, driver’s licenses,
auto registrations, etc., rather than one change being made centrally.

Avoiding Unnecessary Coding

Extra programming in triggers, stored procedures, or even in the business logic tier, can be required to handle the
non-normalized data and thisin turn can impair performance significantly. Thisis not to mention that extra coding
increases the chance of introducing new bugsinto the labyrinth of code that is required to maintain redundant data.
Many database projects fail due to the enormous requirement of keeping redundant datain sync.

Maximizing Clustered Indexes

Clustered indexes are used to natively order atable in SQL Server. They are specia indexes in which the physical
storage of the data matches the order of the indexed fields, which allows for better performance of queries using that
index. Typically, they are used to order atable in a convenient manner to enhance performance. Each table may have
only asingle clustered index. The more clustered indexes you have in your database the less sorting you may have to
do, and the more likely it isthat queries will be able to use the MERGE JO N—a special type of very fast join
technique that requires sorted data. Sorting isavery costly operation that should be avoided if possible. Clustered
indexes and indexes in general will be covered in great detail in Chapters 10 and 14.
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Lowering the Number of Indexes per Table

The fewer indexes per table, the fewer the number of pages that might be moved around on a modification or
insertion into the table. By pages, we're not referring to web pages, but rather the SQL Server concept of pages. In
SQL Server, data and indexes are broken up and stored on 8K pages. Of course SQL Server doesn't keep the whole
database in memory at any onetime. What it does do is keep a*“snapshot” of what is currently being looked at. To
keep theillusion of having the whole database in memory, SQL Server moves the pages in and out of a high speed
fast access storage space when they are required, but this space can only contain alimited number of pages at any
onetime. The pages are therefore moved in and out of the space on the principle that the most frequently accessed
remain in. The operation of moving pagesin and out of memory is costly in terms of performance. Therefore, to
keep performance as high as possible, you want to make as few page transfers as possible.

When a table has many columns, you may need quite a few indexes on atable to avoid retrieval performance
problems. While these indexes may give great retrieval gains, maintaining indexes can be very costly. Indexes are a
very tricky topic because they have both positive and negative effects on performance and require a fine balance for
optimal utilization.

Keeping Tables Thin

When we refer to athinner table, we mean that thereis arelatively small number of columnsin the table. Thinner
tables mean more data fits on a given page in your database, therefore allowing the database server to retrieve more
rowsfor atable in asingle read than would be otherwise possible. This al meansthat there will be more tables in the
system when we are finished normalizing. Thereis, however, acommon sense cut-off point and | don’t recommend
having one column tables. Also bear in mind in atypical OLTP system, very few columns of data are touched on
every data modification, and frequently queries are used to gather the summary of a single value, like an account
balance. High performance is required for these sorts of queries.

The Process of Normalization

If we recall our single sentence description of normalization from the first paragraph of this chapter —“Every tablein
your database needs to have a single theme” — we can take this to mean that each table should endeavor to represent
asingle entity. This concept will become excruciatingly apparent over the next two chapters as we work through the
process of normalization.

Normalization is a process. There are seven widely accepted types of normalization, asfollows:

First Normal Form
Second Normal Form
Third Normal Form
Boyce-Codd Normal Form
Fourth Normal Form

Fifth Normal Form

o o o o o o o

Domain-Key Normal Form
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In 1972, E. F. Codd presented the world with the First Normal Form, based on the shape of the data, and the Second
and Third Normal Forms, based on functional dependencies in the data. These were further refined by Codd and
Boyce in the Boyce-Codd Normal Form. This chapter will cover these four in some detail.

During the discussion of normalization in this chapter and the next, we will step through each of the different
types, looking to eliminate all of the violations we find by following the rules specified in each type. We might
decide to ignore some of the violations for expediency, and we will look at these as we go along. It isalso critical
not only to read through each form in the book, but to consider each form as you are performing logical modeling.
It should be very clear, once we get to the end of the next chapter, that the Third Normal Form is not the magical
form that some database architects would have you believe.

First Normal Form

The First Normal Form deals with the shape of attributes and records. It is the most important of al the normal
forms.

Thisform isalso used in the definition of the relational model of databases, and the definition of the First Normal
Form is one of Codd's Twelve Rules, which are not actually about normalization, but rather a set of rules that define
arelationa database. These rules are listed and discussed in Appendix A.

Entitiesin First Normal Form will have the following characteristics:

O  All attributes must be atomic, that is, only one single value represented in a single attribute in a
single instance of an entity

O  All instancesin atable must contain the same number of values

O  All instancesin atable must be different

First Normal Form violations manifest themselves in the physical model with messy data handling situations, aswe
will see shortly.

All Attributes Must be Atomic

An attribute can only represent one single value, it may not be a group. This means there can be no arrays, no
delimited data, and no multi-valued attributes stored in afield. To put it another way, the values stored in an attribute
cannot be split into smaller parts. As examples, we will ook at some common violations of thisrule of the First
Normal Form.

E-mail Address Fields
In an e-mail message, the e-mail addressistypically stored in aformat such as:

namel@onai nl. com nane2@omai n2. com name3@onai n3. com

Thisisaclear violation of First Normal Form aswe are trying to store more than one e-mail addressin asingle e-
mai | field. Each e-mail address should form one separate field.
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Names

Consider the name “John Q Public”. Thisis obviously a problem, as we have the first name, middle initial, and last
name in asingle field. Once we break the name into three parts, we get the fieldsf i r st _nane,

m ddl e_i ni tial (orm ddl e_nane, which| prefer), and| ast _name. Thisisusually fine, since a person’s
name in the U.S.A. is generally considered to have three parts. In some situations, this may not be enough, and you
may not know the number of parts until the user enters the data. Know your data requirements.

Telephone Numbers

Consider the case of the telephone number. American telephone numbers are of the form “1-423-555-1212" plus
some possible extension number. From our previous examples, you can see that there are several fields embedded in
that telephone number, not to mention possible extensions. Additionally, there is frequently the need to store more
than just American telephone numbersin a database. The decision on how to handle this situation may be totally
based on how often you store international phone numbers, as it might be impossible (might be, | haven’t tried, so |
cannot be one hundred percent sure) to build atable or set of entities to handle every situation.

So, for an American style telephone number, we would need five fields for each of the following parts:
C-AAA-EEE-NNNN-XXXX
0O (C) Country code — Thisis the one that we dial for numbers that are not within the area code, and
signals to the phone that we are dialing a non-local number

O (AAA) Areacode — Indicates a calling area that is located within a state

0O (EEE) Exchange — Indicates a set of numbers within an area code

O  (NNNN) Number — Number used to make individual phone numbers unique

0O  (XXXX) Extension — A number that must be dialed once you connected using the previous humbers
Addresses

Y ou should know by now that all of an address should be broken up into fields for street address, city, state, and
postal code (from here on we will ignore the internationalization factor, for brevity.) However, street address should
also be broken down, in most cases, into number, street name, apartment number, and post office box. We will
mention street addresses again shortly.

IP Addresses

IP addresses are a very interesting case because they appear to be four pieces of data, formed like
BY1.BY2.BY3.BY4 where BY is short for Byte. This appears to be four different attributes, but is actualy a
representation of asingle unsigned integer value based on the mathematical formula (BY1 * 256°) + (BY2 * 256°) +
(BY3* 2561) + (BY4 * 256°). Hence, if you have | P address 24.32.1.128, it could be stored as 404750720 = (24 *
256%)+ (32 * 2562) + (1 * 256%) + (128). How you actually store this value will depend in great part to what you will
be doing with the data. For example:

O  If you deal with an IP address as four distinct values, you might store it in four different fields,
possibly named i pAddr essPart 1, i pAddr essPart 2, i pAddr essPart 3, and
i pAddr essPart 4. Note that, since there will always be exactly four parts, this type of storage
does not violate the First Normal Form rules; all instances in an entity must contain the same
number of values. Thisis covered in the next section.
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0 Onevalid reason to store the value as a single value is range checking. If you have one |P address
and need to find out when an address falls between the two other | P addresses, storing the addresses
as integers allows you to simply search for data with a where clause, such as:

“where i pAddr essCheck isbetween i pAddr essLowand i pAddr essHi gh”.

WE'll move on the second rule of the First Normal Form now.

All Instances in an Entity Must Contain the Same Number of Values

Thisis best illustrated with a quick example. If you have an entity that stores a person’s name, then, if one row has
one name, al rows must only have one name. If they might have two, all instances must be able to have two. If they
may have a different number we have to deal with this a different way.

An example of aviolation of thisrule of the First Normal Form can be found in entities that have several fields with
the same base name suffixed (or prefixed) with anumber, such asaddr ess_| i ne_1, address_| i ne_2, etc.
Usually thisis an attempt to allow multiple values for asingle field in an entity. In the rare cases where there is
always precisely the same number of values, then there istechnically no violation of First Normal Form. Evenin
such cases, it is still not generally a good design decision, as users can change their minds frequently. To overcome
all of this, we would create a child entity to hold the values in the malformed entity. Thiswill also allow usto have a
virtually unlimited number of values where the previous solution had afinite (and small) number of possible values.
One of the issues that you will have to deal with isthat the child records you create will require sequencing
information to get the actual rows properly organized for usage. Note that the actual implementation of addresses
will certainly be based on requirements for the system that is being created.

We can use cardinality rules as described in the previous chapter to constrain the number of possible values. If we
need to choke things back because our model states that we only need a maximum of two children, and a minimum
of one child, cardinality provides the mechanism for this.

All Occurrences of a Record Type in an Entity must be Different

This one seems obvious, but needs to be stated. Basically, thisindicates that every First Normal Form entity must
have a primary (or unique) key. Take care, however, because just adding an artificial key to an entity might
technically make the entity comply with the letter of the rule, but certainly not the purpose. In the next chapter we
will expand upon thisidea.

Programming Anomalies Avoided by First Normal Form

Violations of the First Norma Form are obvious and often very awkward if the columns affected are frequently
accessed. The following examples will identify some of the situations that we can avoid by putting our entitiesin the
First Normal Form.

Modifying Lists in a Single Field

The big problem with First Normal Form violationsis that relational theory and SQL are not set up to handle non-
atomic fields. Considering our previous example of the e-mail addresses attribute. Suppose that we have atable
named per son with the following schema:

CREATE TABLE person
(

personld i nt NOT NULL | DENTI TY,

nanme varchar (100) NOT NULL,

e- mai | Addr ess varchar (1000) NOT NULL
)
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If we let our users have more than one e-mail address and store it in the e-mail address attribute, our e- mai | field
might look like: “Davi dsons@l. coml davi dson@- mai | . coni'. Also consider that many different usersin
the database might use the Davi dsons @l. come-mail address. If we need to change the e-mail address from
Davi dsons@l. comto Davi dsons @onai n. com we would need to execute code like the following for every
person that uses this e-mail address:

UPDATE per son

SET e-nmi | Address = repl ace(e-nai | Addr esses, ' Davi dsons@l. comi
‘ Davi dsons@lomai n. comi )

VWHERE e- mai | Address |i ke ‘ %avi dsons@l. con?s

This code doesn’t seem like trouble, but what about the case where there is also the e-mail address

t heDavi dsons@. con®? What if we don’t want to change this value? Since the code that you write should work
in all cases, thiswould be unacceptable, since the preceding UPDATE statement would have unwanted side effectsin
such cases.

Modifying Multi-Part Fields

The programming logic required to change part of the multi-part field can be very confusing. Take, for example, the
case of telephone area codes. In the United States, we have more phones, pagers, cell phones, etc. than the creators
of the area code system ever thought of, and so they frequently change or introduce new area codes.

If al values are stored in atomic containers, updating the area code would take a single, easy to follow, one-line SQL
statement like this:

UPDATE phoneNunber
SET areaCode = ‘423’
WHERE ar eaCode = ‘615 AND exchange IN (‘232’,'323,.,'989")

Instead, we get the following:

UPDATE phoneNunber

SET phoneNunber = REPLACE( phoneNumber,’-615-',"'-423-")
VWHERE phoneNunber LIKE ‘_-615-__ - '
AND substri ng(phoneNunber,7,3) IN (‘232','323",..,'989")

Note that subst ri ng() isa T-SQL Extension not in standard SQL.

This example requires perfect formatting of the phone number data to work, and that seldom occurs without extreme
amounts of code up front. All this when using a simple format would suffice to take care of all these issues.

Modifying Records with Variable Numbers of Facts

One of the main problems with alowing variable numbers of factsin a given record is dealing with the different
situations that come up when you have to deal with one of the fields instead of the other. Say we have avery basic
structured table such as:

CREATE TABLE paynents

(
payrment sl d int NOT NULL | DENTITY,
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account!ld int NOT NULL,
paynment 1 noney NOT NULL,
paynment 2 noney NULL

)

Where the user has to make two payments (for some reason), the following code snippet isindicative of what would
be required to enter a payment:

UPDATE paynent s

SET paynentl = case WHEN paynment1l IS NULL THEN 1000. 00 ELSE payment 1 END,
paynment 2 = case WHEN paynent1l IS NOT NULL AND paynent2 IS NULL THEN
1000. 00 ELSE paynent 2 END

WHERE accountld = 1

Of course, thisis not likely to be the exact manner for solving this problem, but even if thislogic is done on the
client side by giving multiple blocks for payments, or we pre-determine which of the payments needs to be made, it
should still be clear that it is going to be problematic to deal with.

The alternative would be to have atable that is built like so:

CREATE TABLE paynent
(
paynment|d int NOT NULL | DENTITY,
accountld int NOT NULL, --foreign key to account table
date datetinme NOT NULL,
anount noney

)

Then, adding a payment would be as simple as adding a new record to the payment table:

I NSERT paynent (accountld, date, val ue)
VALUES (1, ‘June 12 2000’, $300.00)

Thisis certainly a better solution. One of the main problems with this example isthat dat e is not an atomic data
type (in other words, it isitself amulti-valued field). In fact, SQL Server smply hasadat et i me datatypethat is
really several fields all rolled up into one; day, month, year, hour, minute, seconds, milliseconds, etc. The

dat et i me datatype isone of the annoying features of SQL Server that we frequently have to use for convenience
reasons, but since it stores multiple values, it is not technically in First Normal Form. Thereis ahost of functionsin
SQL Server designed to make up for the fact that dat et i me (and snal | dat et i me) are not proper relational
database data types.

There are situations where it is prudent to implement our own date or time user-defined data types and deal with
time variables in a reasonable manner.

Clues that Existing Data is not in First Normal Form

Next we're going to take alook at how you might go about recognizing whether the datain your database is aready
likely to bein First Norma Form or not.
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Data that Contains Non-Alphabetic Characters

By non-al phabetic characters we mean commas, brackets, parentheses, pipe characters, etc. These act as warning
signs that we are dealing with a multi-valued field. However, be careful not to go to far. For instance, if we were
designing a solution to hold a block of text, we have probably normalized too much if we have aword entity, a
sentence entity, and a paragraph entity. This clue is more applicable to entities that have delimited lists.

Fieldnames with Numbers at the End

As we have noted, an obvious example would be finding entities with childl, child2, etc., attributes or, my favorite,
UserDefinedl, UserDefined2, etc. These are very blatantly wrong.

Thisis avery common holdover from the days of flat file databases. Multi-table data access was costly, so
they put many fieldsin asingle table. Thisisvery detrimental for relational database systems.

Second Normal Form

The next three normal forms we will look at are all concerned with the relationships between attributes in an entity
and the key in that entity, and all deal with minimizing improper functional dependencies. We will see that certain
kinds of relationship between the key and other fields are undesirable and need to be eliminated. As you will recall
from Chapter 3, being functionally dependent implies that, if we run afunction on one value (call it Valuel) and the
output of this function is always the exact same value (call it Value2) then Value2 is functionally dependent on
Valuel.

For example, consider the following situation. We have three values: Owner Name, Product Type, and Serial
Number. Serial Numbers imply a particular Product Type, so they are functionally dependent. If we change the
Product Type but fail to change the Serial Number, then our Serial Number and Product Type will no longer
match and the three values will no longer be of any value. The user will have no idea if the Owner owns the
item denoted by the Serial Number or the Product Type.

The following saying will help you to understand what the Second Normal Form, Third Normal Form, and Boyce-
Codd Normal Form are concerned with:

Non-key fields must provide a detail about the key, the whole key, and nothing but the key.

This means that non-key fields have to further describe the key of the record, and not describe any other attributes.

Let's start with the Second Nor mal Form which is perhaps the simplest of these normal forms. An entity
complying with Second Normal Form has to have the following characteristics:

0O  Theentity must be in First Normal Form
0O  Each attribute must be a fact describing the entire key

Second Normal Form isonly relevant when a composite key (a key composed of two or
mor e columns) existsin the entity.
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The Entity must be in First Normal Form

Thisis very important; you need to go through each step of the normalization process to eliminate problemsin your
data. It may be hard to locate Second Normal Form problemsif you still have First Normal Form problems.

Each Non-Key Attribute Must Describe the Entire Key

Thisindicates that each non-key attribute must depict the entity described by all attributes in the key, and not simply
parts. If thisis not true and any of the non-key attributes are functionally dependent on a subset of the attributesin
the key, then you are going to have data modification anomalies. For example, consider the following structure:

book_author

author_social_security_number
book_ISBN_number

royalty_percentage
book_title
author_first_name
author_second_name

Thebook_| SBN _nunber attribute uniquely identifies the book, and aut hor _soci al _security_nunber
uniquely identifies the author. Hence, these two columns create one key which uniquely identifies an author for a
book. The problem is with the other attributes. Ther oyal t y_per cent age attribute defines the royalty that the
author is receiving for the book, so thisrefersto the entire key. Thebook _t i t | e describes the book, but does not
describe the author at all. The same goes for theaut hor _f i r st _nane and aut hor _| ast _nane fields. They
describe the author, but not the book at all.

Thisis aprime example of afunctiona dependency. For every value you haveinthebook | SBN nunber column,
you must have the same book title and author. But for every book_| SBN_numnber , you do not have to have the

samer oyal t y_per cent age —thisis actually dependent on both the author and the book deal, and not one or the
other.

Hence we have problems, so we need to create three separate entities to store this data:

book
book_ISBN_number
book_author book_title
author_social_security_number (FK)
book_ISBN_number (FK)
‘ royalty percentage auiivan
author_social_security_number

author_first_name
author_second_name
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After we split the entities, we see that ther oyal t y_per cent age attributeis still afact describing the author
writing the book, thebook_t i t | e isnow afact describing the entity defined by the book_I SBN_numnber , and
the author’ s name attributes are facts describing the aut hor entity, identified by the

aut hor _soci al _security_nunber.

Note that the book to book_aut hor relationship is an identifying type relationship. Second Normal Form
violations are frequently modeled logically as identifying relationships where the primary key of the new entity is
migrated to the entity where the original problem occurred.

Our previousiillustration demonstrates this concept quite well. In the corrected example we have isolated the
functional dependencies such that attributes that are functionally dependent on another attribute are functionally
dependent on the key.

Since there are no columns which are not functionally dependent on a part of the key, these entities are in Second
Normal Form.

Programming Problems Avoided by Second Normal Form

All of the programming issues that arise with the Second Normal Form, as well as the Third and Boyce-Codd
Normal Forms, deal with functional dependencies. The programming issue is quite simple. If you canrun a
statement like this on our example table:

UPDATE book_aut hor

SET book_title = ‘ Database Design’
WHERE book_I| SBN nunber = ‘923490328948039’

and modify more than one row, there is a problem with our structures.

Thereal crux of the problem is that many programmers do not have their database design thinking caps on when
they are churning out applications, so we get tables created with client screens like this:

T |
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Frud Hamm |I'|t.1 Corcel |
L] Pame |.‘.|.'\d'|
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'-'HC!:‘!Q'."!' ["5

Consider what happens if we use this screen to change the title of a multi-author book in a database which has
book_aut hor tableslike that shown in the first diagram in the previous section, Each Non-Key Attribute Must
Describe the Entire Key. If the book has two authors, there will betwo book_aut hor tables for this book. Now a
user opens the editing screen and changes the title, as shown here. When he saves the change, it will only alter the
book_aut hor tablefor Fred Smith, not thebook_aut hor table for his co-author. Thetwo book_aut hor
tables, originally for the same book, now show different titles.
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This problem is rectified by using the Second Normal Form, as shown in the second diagram in that section. In this
form, the book table will connect to two book_aut hor tables. Changing thetitle in this editor screen will change
thebook _titl e fiedinthissingle book table; thetwo book_aut hor tablesare only linked to the book table
by thebook_| SBN nunber field, so the database will still show both authors as having co-authored the same
book. Everything remainsin synch.

Clues that your Entities are Not in Second Normal Form
The clues for detecting whether your entities are in Second Normal Form are not quite as straightforward as the
cluesfor the First Normal Form. They take some careful thought, and some thorough examination of your structures.

Repeating Key Fieldname Prefixes
This situation is one of the dead giveaways. Revisiting our previous example:

book_author

author_social_security_number
book_ISBN_number

royalty_percentage
book_title
author_first_name
author_second_name

we had aut hor _fi rst_name and aut hor _second_nane, which are functionally dependent on
aut hor _soci al _security_numnber.Wealso havebook_ti t| e and book_| SBN nunber with the same
Situation.

Having such obvious prefixes is not always the case, but it is a good thing to look for as thisis a rather
common mistake made by novice designers.

Repeating Groups of Data

More difficult to recognize are the repeating groups of data. Imagine executing multiple SELECT statements on a
table, each time retrieving all rows (if possible), ordered by each of the important columns. If there isafunctionally
dependent attribute on one of the attributes, anywhere one of the fieldsis equal to X, we will see the dependent field,
Y.

Take alook at some example entries from the following table.

aut hor _soci al _ book_| SBN nunber royal ty_ percentage
security_nunber

DELA-777-888 1-861-000-156-7 2

DELA-777-888 1-861-000-338-1 3

GIBB-423-4421 1-861-000-156-7 3
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book title aut hor _first_nane aut hor _second_nane
Instant Tiddlywinks Vervain Delaware

Beginning Ludo Vervain Delaware

Instant Tiddlywinks Gordon Gibbon

(Thisisasingletable but | had to split it so that it could fit on the page.)

Book _titl eis, of course, dependent onbook | SBN Nunber , so any time we see an ISBN number = 1-861-
000-156-7, we can be sure that the book titleis“Instant Tiddlywinks'. If it isn't, then there’' s something wrong in the
database.

Composite Keys with a Non-Foreign Key

If there is more than one attribute in the key that isn't aforeign key, any attributes that describe those attributes are
likely to be violating the Second Normal Form.

Coding Around the Problem

Scouring the database code is one good way of discovering problems, based on the lifespan of the system we are
analyzing. Many times a programmer will simply write code to make sure the Second Normal Form violation is not
harmful to the data, rather than remodeling it into a proper structure. At one time in the history of the Relational
Database Management System, this may have been the only way to handle this situation; however, now that
technology has caught up with the relational theory, thisisfar less the case.

It isimportant to understand that | am not trying to make the case that theory has changed a bit due to technology.
Actually, relational theory has been very stable throughout the years with little changing in the past decade. Ten
years ago, we had quite afew problems making a normalized system operational in the hardware and operating
system constraints we had to deal with, so corners were cut in our models for “performance” reasons.

Using current hardware, there is no need to even begin to cut normalization corners for performance. It is best to
resolve these issues with SQL joins instead of spaghetti code to maintain denormalized data. Of course, at this point

in the design process, it is best to not even consider the topic of implementation, performance, or any subject where
we are not simply working towards proper logical storage of data.

Third Normal Form

An entity that isin Third Normal Form will have the following characteristics:

O  Theentity must be in Second Normal Form
O Anentity isin violation of Third Normal Form if a non-key attribute is a fact about another non-key
attribute

We can rephrase the second bullet like so:

All attributes must be a fact about the key, and nothing but the key.
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The Third Normal Form differs from the Second Normal Form in that it deals with the relationship of non-key data
to non-key data. The problems are the same and many of the symptoms are the same, but it can be harder to locate
the general kind of violations that this form tends to deal with. Basically, the main difference isthat, datain onefield,
instead of being dependent on the key, is actually dependent on datain another non-key field. The requirements for
the Third Normal Form are as follows.

The Entity must be in Second Normal Form

Once again, thisis very important. It may be hard to locate Third Normal Form problems if you still have Second
Normal Form problems.

Non-Key Attributes Cannot Describe Non-Key Attributes

If any of the attributes are functionally dependent on an attribute other than the key, then we are again going to have
data modification anomalies. Since we are in Second Normal Form already, we have proven that all of our attributes
arereliant on the whole key, but we have not looked at the relationship of the attributes to one another.

In the following example diagram, we take our book entity and extend it to include the publisher and the city where
the publisher is located.

book
book_ISBN_number

title

price
publisher_name
publisher_city

Ti t | e definesthetitle for the book defined by thebook _| SBN_nunber , pri ce indicates the price of the book,
publ i sher _nane describes the book’s publisher, but publ i sher _ci t'y doesn’t make sense in this context, as
it does not directly describe the book.

To correct this situation, we need to create a different entity to identify the publisher information.

book publisher
book_ISBN_number publisher_name
publisher_name (FK) publisher_city
title

price

Now the publ i sher entity has only data concerning the publisher, and the book entity has book information.
What makes this so valuable is that, now, if we want to add information to our schema concerning the publisher, for
instance contact information, or an address, it is very obvious where we add that information. Now we have our
publ i sher _ci ty attribute identifying the publisher, not the book. Once we get into physical modeling, we will
discuss the merits of having the publ i sher _nane attribute as the primary key, but for now thisis areasonable
primary key, and a reasonable set of attributes.

Note that the resolution of this problem was to create anon-identifying relationship publ i sher - book.
Since the malevolent attributes were not in the key to begin with, they do not go there now.
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All Attributes Must be a Fact Describing the Key, and Nothing but the Key

If it sounds familiar, it should. Thislittle saying is the backbone for the whole group of normal forms concerned with
the relationship between the key and non-key attributes. Remember it, as it may save your database project one day.

Programming Problems Avoided by the Third Normal Form

While the methods of violating the Third Normal Form are very close to the violations of the Second Normal Form,
there are afew important differences. Aswe are not dealing with key values, every attribute’ s relationship to every
non-key attribute needs to be considered, and so does every combination of attributes. In the book example, we had
the following entity structure:

book
book_ISBN_number

title

price
publisher_name
publisher_city

While, for the sake of brevity, | jumped right to the obvious violation, it is not always so easy to spot Third Normal
Form violations. Every attribute should be considered against every other attribute. If entities are of reasonable size
(I generally find that ten to twenty attributes in an entity is probably as many as you can have without violating some
normalization rule, though this does not always hold), then the process of weeding out Third Normal Form problems
will not be too lengthy a process. In our example, we need to check each attribute against the other three attributes.
Asthere are four attributes, we need to consider the N * (N —1) or (4 * 3) = 12 (ignoring the fact that we will be
checking some values more than once) different permutations of attribute relations to be safe. In our example entity
we must check:

titleaganst: price, publisher_nane, and publisher city
priceaganst:title,publisher_nane,andpublisher _city

publ i sher _nane against: price,title,andpublisher _city

O o o o

publ i sher _city against: price,title,andpublisher_nane

From this we notice that, when we check publ i sher _nane against the other three attributes, it becomes clear that
publ i sher _ci ty isfunctionally dependent on it, hence a Third Normal Form violation.

Once you have designed a few thousand entities, you will begin to see common attributes that will jump out as

problems, and only afew attributes will have to be considered in your normalization checks. We will look at many
such examples during the case study section of this chapter.
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Note too that our example has tailored names to make it seem simple, but in reality, names are often far more cryptic.
Consider the following entity:

book
ISBN

pubname
city

title

price

These names are probably less cryptic than those you might actually come across in some legacy database entities;
however, they’ re already ambiguous enough to cause problems. G t y seems almost fine here, unless you consider
that most books don’'t have aci t y attribute, but publishers might. The following example code shows what
happens if we want to changetheci t y attribute and keep it in synch.

Take, for example, the situation where we have the table as built previously:

CREATE TABLE book

(
1 SBN var char (20) NOT NULL,
pubnane varchar (60) NOT NULL,
city varchar (60) NOT NULL,
title varchar(60) NOT NULL
price nmoney NOT NULL

)

This hasthe Third Normal Form violations that we have identified. Consider the situation where we want to update
theci ty fieldfor | SBN 23232380237 fromavaueof Vi r gi ni a Beach toavaueof Nashvi | | e. Wefirst
would update the single record:

UPDATE book
SET city = ‘Nashville’
WHERE | SBN = ‘23232380237’

But since we had the functional dependency of thepubl i sher toci ty relationship, we now have to update all of
the books that have the same publisher name to the new value as well:

UPDATE book
SET city = ‘Nashville’
WHERE city = ‘Virginia Beach’
AND pubnane = ‘ Phant om Publ i shing’ --previous publisher nane

While thisis the proper way to ensure that the batch code updates the city properly, as well as the book, in most
cases this code will be buried in your application, not tied together with a transaction, much less one in abatch. Any
errorsin one UPDATE statement and your data can be compromised. For existing SQL Server applications that you
are redesigning, you can employ the SQL Server Profiler to check what SQL is actually being sent to SQL Server
from your application.
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Clues that your Entities are not in Third Normal Form
The cluesfor Third Normal Form are quite similar to those for Second Normal Form, as they are trying to solve the
same sort of problem —making sure that all non-key attributes refer to the key of the entity.

Multiple Fields with the Same Prefix
Revisiting our previous example:

book
book_ISBN_number

publisher_name
publisher_city
title

price

Itisobviousthat publ i sher _nane and publ i sher _ci ty aremultiple fieldswith the same prefix. In some
cases the prefix used may not be so obvious, such aspub_nane, pbl i sh_city, orevenl ocati on_pub; all
good reasons to establish a decent naming standard.

Repeating Groups of Data

Much the same as for the Second Normal Form, but you need to consider more permutations — as we have
discussed.

Summary Data

One of the common violations of the Third Normal Form issummary data. Thisiswhere fields are added to the
parent entity that refer to the children records and summarize them. Summary data has been one of the most
frequently necessary evils that we have had to deal with throughout the history of the relational database. There are
several new featuresin SQL Server 2000 that we will employ to help avoid summary datain our implementation,
but in logical modeling there is absolutely no place for it. Not only is summary data not functionally dependent on
non-key fields, it is dependent on non-entity fields. This causes all sorts of confusion as we shall demonstrate.
Summary data should be reserved either for physical design or the Data Warehousing steps.

For clarification, take our following example of an auto dealer. They have an entity listing all of the
automobiles they sell, and they have an entity recording each automobile sale:

automobile automobile_sale

automobile_name automobile_name (FK)
automobile_sale_number

total_sold_count ‘
total_sold_value amount_sold_for

Instead of calculating the total number of vehicles sold and their value when needed, the designer has decided to add
fieldsin the parent entity that refer to the child records and summarize them. This may seem fine, but the complexity of
the implemented system has increased by at least an order of magnitude, as we will have to have triggers on the

aut onohi | e_sal e entity that calculate these values for any changeintheaut onobi | e_sal e entity. If thisisa
highly active database with frequent records added to the aut onobi | e_sal e entity, thiswill tend to dow the
database down considerably. On the other hand, if it is an often inactive database, then there will be very few recordsin
the child entity, and so the performance gains made by being able to quickly find the numbers of vehicles sold and their
value will be very small anyway.
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Boyce-Codd Normal Form

During my discussions of the Second and Third Normal Forms, | was purposefully vague with the word key. As |
have mentioned before, akey can be any candidate key, whether the primary key or an alternate key. However, the
main concern of the Second Normal Form and the Third Normal Form isthe primary key.

The Boyce-Codd Normal Form is actually a better constructed replacement for both the Second and Third Normal
Forms. Note that, to be in Boyce-Codd Normal Form, thereis no mention of Second Normal Form or Third Normal
Form. The Boyce-Codd Normal Form actually encompasses them both, and is defined as follows:

O  All attributes are fully dependent on a key

O Anentity isin Boyce-Codd Normal Form if every determinant is a key

So let’slook at each of these rulesindividually.

All Attributes are Fully Dependent on a Key
We can rephrase this like so:

All attributes must be a fact about a key, and nothing but a key.

Thisisadight but important deviation from our previous rules for Second Normal Form and Third Normal Form. In
this case, we don't specify the entire key or just the key — now it is a key. How does this differ? Well, it does and it
doesn’t. It basically expands the meaning of Second Normal Form and Third Normal Form to deal with the very
typical situation where we have more than one key.

It is noted that the attribute must be fully dependent on akey, and this key is defined as the unique identifier. The
unique identifier should be thought of as the address or pointer for the entity, regardless of whether we use a natural
key or otherwise. The entity, as defined, isthe logical representation of a single object, either rea or imaginary. If
you think of every key asthe entity’s ID badge, or Social Security Number, or whole name, you can begin to
understand what each of the attributes should be like.

For example, let’s take a person who works for a company and model them. First we choose our key, let’s say Socia
Security Number.

person
social_security_number
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Then we start adding the other attributes we know about our employees — their name, hair color, eye color, the badge
number they are given, their driver’s license number, etc. So we have the following entity:

person

social_security_number

first_name

last_name

height

weight

badge_number
eye_color
drivers_license_number
hair_color

shoe_size

Careful study of the entity showsthat it isin Third Normal Form, since each of the attributes further describes the
entity. Thef i r st _nane, hei ght , badge_nunber , and others all refer to the entity. The same may be said for
thesoci al _security_nunber . It has been chosen as the key, primarily because it was the first thing we came
upon. In logical modeling, the choice of which field isa primary key isn’t al that meaningful, although it is usually
better to choose the right one. (A large discussion of proper primary keyswill be dealt with in Chapter 10.) In most
cases, even in the logical modeling phase, we will simply use an artificial key as discussed in Chapter 3.

The following sentence basically explains Second Normal Form and Third Normal Form:

All attributes must further describe the entity, the whole entity, and nothing but the entity.

Aslong as you understand this concept, data modeling and normalization become much easier.

An Entity is in Boyce-Codd Normal Form if Every Determinant is a Key

The second part of the quest for Boyce-Codd Normal Form is to make sure that every determinant isakey, or a
unique identifier for the entity. Our definition of a determinant in Chapter 3 was as follows:

Any attribute or combination of attributes on which any other attribute or combination of
attributesisfunctionally dependent.

Based on our study of the Second and Third Normal Forms, we can see that this is basicaly the definition of akey.
Since all attributes that are not keys must be functionally dependent on a key, the definition of a determinant isthe
same as the definition of akey.

The Boyce-Codd Normal Form simply extends the previous normal forms by saying that an entity may have many

keys, and all attributes must be dependent on one of these keys. We have simplified this a bit by noting that every
key must uniquely identify the entity, and every non-key attribute must describe the entity.
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What the Boyce-Codd Normal Form acknowledges is that there can be many keysin an entity. These are referred to
as candidate or alternate keys. One interesting thing that should be noted is that each key is a determinant for all
other keys. Thisis because, in every place where you see one key value, you could replace it with the other key
value without losing meaning. Thisis not to say that an alternate key cannot change values—not at all. The driver's
license number isagood key, but if the Department of Motor Vehiclesissues all new numbers, it is still akey, and it
will till describe the entity. If the value of any candidate key changes, thisis perfectly acceptable.

With this definition in mind, let’s take the example entity we are modeling for this section and look at it again.

person

social_security_number

first_name

last_name

height

weight

badge_number
eye_color
drivers_license_number
drivers_license_state
hair_color

shoe_size

What we will be looking for now is attributes or groups of attributes that are dependent on the key, and also will be
unique to each instance of this entity.

Fi r st _nane will not be by itself, and it would not be a very good assumption to assumethat f i r st _name and

| ast _nane are. (It al depends on the size of the target set asto whether or not you are willing to accept this. You
would likely want to include middle initial and title, but still thisis not agood key.) Hei ght describes the person,
but is not unique. The sameistruefor wei ght . Badge_nunber certainly should be unique, so we will makeit a
key. (Note that we don’'t have badge_i ssued_dat e, asthat would refer to the badge and doesn’t help the Boyce-
Codd Normal Form example.) dri ver s_| i cense_nunber isprobably unique, but you should definitely
consider variations across state. hai r _col or and shoe_si ze describe the person, but neither could be
considered unique. Even if you take the person’s hei ght , wei ght , eye_col or, hai r _col or, and

shoe_si ze together, you could not guarantee uniqueness between two random people. So how we model the
entity as:

person

social_security_number

first_name

last_name
drivers_license_number (AK1)
drivers_license_state (AK1)
badge_number (AK2)

height

weight

eye_color

hair_color

shoe_size
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We now have three keys for this object. When we do the physical modeling, we will choose the proper key from the
keys we have defined, or use an artificial key. Asdiscussed in Chapter 3, an artificial key issimply avaluewhichis
used as a pointer to an object, much likebadge_nunber isapointer that acompany usesto identify an employee, or
the government using Social Security Numbersto identify individualsin the United States.

It is aso worth considering that an SSN is not always a very good key either. Even if you are dealing only with
peoplein the USA, there are plenty of people that do not have a SSN. And certainly if you ever have to
accommodate people from outside the USA, then SSN will never work — take it from someone who has had to fix
systems with this assumption! It will certainly depend on the situation, as there are many situations where you are
required to have a SSN, and some where you must either have a SSN or Green Card to identify the user asavalid
resident of the US. The situation will aways dictate the eventual solution, and it is simply up to the data architect to
choose the appropriate path.

When choosing akey, we always try to make sure that keys do not overlap. For instance, hei ght isnot aunique
key, but hei ght and badge_nunber is! Itisimportant to make certain that individua parts of unique keys
cannot be guaranteed unique by themselves, otherwise mistakes can be made by accidentally putting non-unique
data in the columns that need to be unique.

Clues and Programming Anomalies

The clues for determining that an entity isin Boyce-Codd Normal Form are the same as for Second Normal Form
and Third Normal Form. The programming anomalies cured by the Boyce-Codd Normal Form are the same too.

The main point to mention here isthat, if you get all your determinants modeled during this phase of the design,
when you go to implement the database you will be far more likely to implement the determinants as unique keys.
Thiswill prevent users from entering non-unique values in the columns that need to have unique values in them.

This completes our overview of the first four normal forms. We will look at the Fourth and Fifth Normal Formsin
the next chapter, but now we'll implement our newly learned concepts into our case study.

Case Study

For this chapter, we will go through each of the normal forms and correct our model according to the rules, then
move on to a completed diagram.

First Normal Form

Our model has afew violations of the First Normal Form. We will break down each of the different violations that
may occur.

All Attributes Must be Atomic

We have one example of this sort of violation. It occursin the st at enent entity. We should recall that this entity
represents the statement that the bank sends each month so that the client can reconcile al of the checksthey have
hand entered asthey actually occurred. The[ bal anci ngl t ens] attribute contains al of the transactions that the
bank has recorded and needs to be matched up to itemsin the register. However, this attribute will contain many
rows and many fields, hardly atomic.
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So, we need to add a new entity to contain these items. As we do not know exactly what will go into this entity, we
will let the attributes migrate from the st at enent entity, then add another pointer to the primary key for

uniqueness.

statement

bankld: PrimaryKey (FK)
statementld: PrimaryKey

type: Code

previousBalance: Amount
previousBalanceDate: Date
currentBalance: Amount
statementDate: Date
totalDebits: Amount
totalCredits: Amount
balancingltems: Balancingltems

statement

bankld: PrimaryKey (FK)
statementld: PrimaryKey

type: Code

previousBalance: Amount
previousBalanceDate: Date
currentBalance: Amount
statementDate: Date
totalDebits: Amount
totalCredits: Amount
balancingltems: Balancingltems

has items in

statementltem J

bankld: PrimaryKey (FK)
statementld: PrimaryKey (FK)
statementltemld: PrimaryKey

A different type of violation of this same kind must also be looked at. Consider the payee entity and the two fields

addr ess and phoneNunber .

For our example, we will just look at the addr ess attribute. The address is made up of severa parts, the street
address lines (usually we are happy with two lines to store street information), city, state, and zip code. We will also

payee
payeeld: PrimaryKey
name: Name (AK1.1)

address: Address
phoneNumber: PhoneNumber

expand the phoneNumnber field aswe discussed earlier.
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Once we have finished this process, we are |eft with the following result:

payee
payeeld: PrimaryKey

name: Name (AK1.1)

addressLinel: AddressDescriptiveLine
addressLine2: AddressDescriptiveLine
addressCity: City

addressState: StateCode
addressZipCode: ZipCode
phoneCountryCode: CountryCode
phoneAreaCode: AreaCode
phoneExchange: Exchange
phoneNumber: PhoneNumberPart
phoneExtension: Extension

There are no fields now in this example which obviously violate the First Normal Form and therefore are not atomic.
Actually, we could make the case that the addr essLi nel field is not atomic, since it will contain street number,
street name, and other pieces of information. However, we are not going to model these attributesin our example
diagram yet in an attempt to keep things simple.

Notice that we created domains for each new attribute. addr essLi nel and addr essLi ne2 are the same sort of
item. Also of noteisthe phoneNunber attribute. It has the same name as before, but it has a different meaning, as
a phone number is made up of country code, area code, exchange, and number. Asit has a different meaning, we
created a new domain with a new name, since in practice we may still have entities that use the domain.

All Occurrences of a Record Type Must Contain the Same Number of
Values

In our new payee entity, we have put together acommon set of attributes that violate this part of therule, the

addr essLi nel and addr essLi ne2 fields. While thisis acommon solution to the address problem, it isaviolation
nonetheless. Having a fixed number of address line fields has bitten me several times when addresses needed more,
sometimes even four or five of them. Since not every address will have the same number of items, thisis a problem. We
solve this by adding another child entity for the address line information:

payee
payeeld: PrimaryKey

name: Name (AK1.1) has address line information in
addressCity: City

addressState: StateCode i
addressZipCode: ZipCode payeeAddress
phoneCountryCode: CountryCode
phoneAreaCode: AreaCode
phoneExchange: Exchange
phoneNumber: PhoneNumberPart ‘ addressLine: AddressDescriptiveLine ‘
phoneExtension: Extension sortOrderld: SortOrderld

payeeld: PrimaryKey (FK)
‘ payeeAddressld: PrimaryKey ‘

This may seem a bit odd, and it is, considering the way databases have been developed for long periods of time.
However, this address design gives us the flexibility to store as many pieces of information as we may need, instead
of having to add columns if the situation requiresit. Thisis also a good example of normalization creating more
entities.
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All Occurrences of a Record Type in an Entity Must be Different

We have begun to take care of this by adding primary keys and alternate keysto our entities. Note that simply
adding an artificial key will not take care of this particular rule. One of our last physical modeling tasks will beto
verify that all of our entities have at least one key defined that does not contain a non-migrated artificial key.

Boyce-Codd Normal Form

Since Boyce-Codd is actually an extension of the Second and Third Normal Forms, we can consider every one of the
violations we have discussed all together.

Summary Data

Summary data fields are generally the easiest violations to take care of. Thisis because we can usually just prune the
values from our entities. For example, intheaccount entity, we can removethe[ Runni ng Tot al | attribute,
asit can be obtained by summing values that are stored inthet r ansact i on entity. Thisleaves us with:

account

bankld: PrimaryKey (FK)
accountld: PrimaryKey

number: AlphaNumericNumber (AK1.1)
balanceDate: Date

On the other hand, we have what appear to be summary fieldsin the st at enent entity:

statement

bankld: PrimaryKey (FK)
statementld: PrimaryKey

type: Code

previousBalance: Amount
previousBalanceDate: Date
currentBalance: Amount
statementDate: Date
totalDebits: Amount
totalCredits: Amount
balancingltems: Balancingltems

We have pr evi ousBal ance, cur r ent Bal ance, etc. —in fact, all of thefields other thant ype —referring to
some other entity’ s values. However, in this case, we might want to accept this. Asthe st at enent entity is
referring to a document, namely the statement from the bank, it could well come in handy to have these fields so we
can store what the bank thinksis on the statement. We will likely want to keep these fields and use them to vaidate
the datawe will be storing in the st at emrent | t ementity.
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Multiple Fields with the Same Prefix

We have a very good example of thiskind of problem in the payee entity we have created. phoneCount r yCode,
phoneAr eaCode, etc., al have the same prefix (note that things won't always be so obvious, as we have discussed
previously); likewise for addr essCi t y, etc.

payee
payeeld: PrimaryKey

name: Name (AK1.1)
addressCity: City

addressState: StateCode
addressZipCode: ZipCode
phoneCountryCode: CountryCode
phoneAreaCode: AreaCode
phoneExchange: Exchange
phoneNumber: PhoneNumberPart
phoneExtension: Extension

Phone numbers and addresses are technically things in and of themselves. Each of the phone fields doesn’t really
describe the pay ee further, but the existence of a phone number does. The same goes for theaddr ess fields.
Hence we break them down further like so:

phoneNumber
phoneNumberld: PrimaryKey

identifies contact phone number information for

countryCode:CountryCode
| areaCode: AreaCode
payee ; exchange: Exchange
number: PhoneNumberPart
extension: Extension

payeeld: PrimaryKey

name: Name (AK1.1)
addressld: PrimaryKey (FK)
phoneNumberld: PrimaryKey (FK)

i

§ address - ¥

| addressld: PrimaryKey addresstine

| ity Cit addressld: PrimaryKey (FK)

! city: Ci ; . pri

b sta)llte: SytateCode has other information in addressLineld: PrimaryKey ‘
identifies location of | zipCode: ZipCode addressLine: AddressDescriptiveLine ‘

sortOrderld: SortOrderld

Now we have satisfied the idea that every field refersto akey, astheaddr ess and phoneNunber refer to the
payee’ s address and phone humber, the addr ess is defined by its city, state, and zip, plus the street information in
theaddr essLi ne entity. The phoneNurber isdefined by its attributes as well.

Every Determinant Must be a Key

Thisiswhere things can get messy. Consider the payee entity in our previous example. The payee | d, aprimary
key, and nane are the determinants for the entity. As we have discussed previoudly, we have the following set of
dependencies:

0O  For every value of payeeld you must have the same nane value
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0  For every value of nane, you must have the same value for addr ess! d and phoneNurnber | d

0O Itisnot truethat, for every value in addr essl d and phoneNunber | d, you have to have the same
value for nane, as an address or phone number might be used for several payees

Thereal issue hereis choosing a proper set of keys. Using an artificial key as a pointer, even in the logical modeling
phase, tends to cover up amajor issue. Every entity must contain unique values, and this unique value must not
include just a single meaningless value, as an artificial key is meaningless except as an ownership pointer. In the
case where there is more than one key, we need to identify a candidate key from the migrated key and another
attribute in the entity.

First we take the phone number entity:

phoneNumber
phoneNumberld: PrimaryKey

countryCode:CountryCode
areaCode: AreaCode
exchange: Exchange
number: PhoneNumberPart
extension: Extension

It has no key defined, so we must make one. In this case, the entire entity without the primary key will be akey. This
illustrates one of the main reasons to maintain single themed entities. Now that we have the phone number isolated,
we are able to make certain that if two payees have the same phone numbers, we don’t duplicate this value. By doing
this we keep things clear in our later usage of these values, asif we see duplicate phone numbers, things will get
confusing.

phoneNumber

phoneNumberld: PrimaryKey

countryCode:CountryCode (AK1.1)
areaCode: AreaCode (AK1.2)
exchange: Exchange (AK1.3)
number: PhoneNumberPart (AK1.4)
extension: Extension (AK1.5)

Next we look at the addr ess entity:

address dd ¥
addressld: PrimaryKey addressLine -
v Cit addressld: PrimaryKey (FK)
city: ] o
sltgte: lSytateCode has other information in | addressLineld: PrimaryKey ‘
zipCode: ZipCode addressLine: AddressDescriptiveLine ‘
sortOrderld: SortOrderld

Thisisavery interesting case to deal with. Thereis no way that we can maketheci ty, st at e, and zi pCode
unique, as we will amost certainly have more than one address of the same type. In this case, the uniquenessis
determined by theci ty, st at e, zi pCode, plusany addr essLi ne items, which isavalid situation. We may
not have any uniqueness on the valuesin the addr essLi ne entity either, since asit isalogical part of the

addr ess entity, and addr ess relieson it for uniqueness. We cannot very well model into the situation that only
one address may contain the information “101 Main Street”. Thiswill not do.
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We will not implement this situation in this precise manner, because it is too difficult. But, logically,
thisis a more appropriate way to model the data at this point.

Finally, consider thet r ansact i on entity:

transaction

bankld: PrimaryKey (FK)

accountld: PrimaryKey (FK)
transactionld: PrimaryKey

date: Date

number: AlphaNumericNumber (AK1.1)
description: Description

amount: Amount

type: Code

In this set of attributes, we have akey which is made up completely of migrated keys (bankl d, account | d) and
another artificial key. Basically, the meaning of thisisthat the migrated account key defines part of the transaction and
itisupto usto look for the proper additiona attribute. In this caseit will bethenunber , asthisisthe number that the
bank usesto identify atransaction, and we had previously chosen it asakey of its own:

transaction

bankld: PrimaryKey (FK) (AK1.1)
accountld: PrimaryKey (FK) (AK1.2)
transactionld: PrimaryKey

date: Date

number: AlphaNumericNumber (AK1.3)
description: Description

amount: Amount

type: Code

We must then go through each of the other entities, making sure a proper key is assigned, and more importantly, that
there are no attributes that have functional dependencies on another attribute. Of course, thisisif we have
determined enough attributes at this point, as, in the case of st at enment | t em we have not determined any values.

Consider also that, now, bankl d, account | d, andt r ansact i onl d functionally determine the attribute
nunber, and bankl d, account I d, and nunber functionaly determinethet r ansact i onl d. Thisisavalid
situation, which is pretty interesting!

One additional point should be made concerning the subtyped entitiesof t r ansact i on:

check

bankld: PrimaryKey (FK)
accountld: PrimaryKey (FK)
transactionld: PrimaryKey (FK)
payeeld: PrimaryKey (FK)
usageType: Code

signature: Blob

No additional keys are required for this entity asit isin a one-to-one relationship with the transaction entity, hence
its primary key isavalid key.
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Model

Hereis our model after normalizing up to the Boyce-Codd Normal Form. Note that many of the common
modification anomalies should be cleared up. It isfar from complete, however. To keep the model simple, we still
have not added any further information to it. We will present a final model with additional fieldsin the last section
of the logical modeling part of the book.

account bank statement
bankid: PrimaryKey (FK) (AK1.1) offers bankld: PrimaryKey sends bankld: PrimaryKey (FK) (AK1.1)
accountid: Primarykey name: Name (AKL.1) slat?ment\d. PrimaryKe N
number: AlphaNumericNumber (AK1.2) type: Code
balanceDate: StreetName previousBalance: Amount
runningTotal: Amount previousBalanceDate: Date
currentBalance: Amount statementitem
statementDate: Date (AK1.2
totalDebits: Amount ( ) bankld: Primarykey (FK)
totalCredits: Amount statementld: PrlmaryKey (FK)
transfers funds by entering balancingitems: Balancingltems statementitemld: PrimaryKey
. phoneNumber
transaction checkRegister
number information for

identifi honeNumberld: PrimaryKe:
bankid: PrimaryKey (FK) (AK1.1) ‘ checkRegisterld: PrimaryKey identifies contact phone | P yrey

accountld: PrimaryKey (FK)(AK1.2) registerType- Code (AKL.1 [ countryCode:CountryCode (AK1.1)
transactionld: PrimaryKey cl ype: ( ) f areaCode: AreaCode (AK1.2)

date: Date e ° exchange: Exchange (AK1.3)
number: AlphaNumericNumber (AK1.3) has money transferred P2 number: PhoneNumberPart (AK1.4)

description: Description to them via payeeld: PrimaryKey

amount: Amount name: Name (AK1.1)
type: Code address: Address

! phoneNumberld: PrimaryKey (FK)
O Type check .

bankid: PrimaryKey (FK)
accountld: PrimaryKey (FK)
transactionld: PrimaryKey (FK

extension: Extension (AK1.5)

- address
. - ayeeld: PrimaryKey (FK
directWithdrawal SségeType: Codye Y (K addressld: PrimaryKey
bankld: PrimaryKey (FK) signature: Blob city: City
accountld: PrimaryKey (FK) ide"‘”f'es state: StateCode
transactionld: PrimaryKey (FK) location of zipCode: ZipCode
deposit

addressLine

bankid: PrimaryKey (FK)
accountld: PrimaryKey (FK) addressld: PrimaryKey (FK)
transactionld: PrimaryKey (FK) ‘ addressLineld: PrimaryKey !
‘ addressLine: AddressDescriptiveLine S G T

sortOrderld: SortOrderld

Summary

In this chapter, we have begun the process of turning our random table structures into structures that will make the
storage of data much more reliable. By building these structuresin a very specific manner, we will derive a set of
entities that are resilient to change and that fewer modification anomalies.

This can all seem from the outside like one of the more baffling processes within computer science. This probably
explainswhy alot of developers don't normalize their databases. However, there's no reason why it should be so.
Behind the sometimes esoteric jargon is a set of simple, well-formed rules that lay down how databases should be
designed. Asfor the end result, the case study should demonstrate that the resulting entities we developed are cleaner,

tidier, and safer for our data entry, even though the data that is stored will look less and less meaningful to the casual
observer.

Now the obvious question: Can we normalize our data any further? Since | have alerted you to the fact that there are
seven normal forms of interest, and we have only looked at four, you know the answer to this question isyes.
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On the other hand, should we normalize further? Y es! The Third Normal Form has long been identified as the most
important plateau of data modeling, and it may be that, when we come to physically implement our solution, we do
not go beyond this level. However, we are currently in the logical modeling phase and we must not concern
ourselves yet with performance issues; we should aim for an ideal model. Working through the next normal forms
will uncover addition problems with our data that we may not see otherwise.
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Advanced Normalization Topics

Introduction

If you have heard it once, you have probably heard it a million times: “This database isin Third Normal Form,
so let’s build tables!” In this chapter we will ook at further methods for normalization that are just as
important as the first three, though they are not commonly used because of perceived drawbacks in terms of
both the time taken to implement them, and the cost in performance of the resulting database. We looked in the
previous chapter at some of the different programming anomalies that the Third Normal Form remedies, but, as
we shall discuss below, there may still be some problems remaining in our logical design, mostly caused by the
presence of ternary relationships. In essence, while most people think they have completed the normalization
process on reaching Third Normal Form, what they really should be concerned with is at least reaching Third
Normal Form in their logical model. A degree of judgement is required in physically implementing a design,
and determining what level of normalization is appropriate. However as a general guide, the designer should
always attempt to normalize all entities to as high aform as possible. If, in testing the system, there are found
to be performance issues, then these can be addressed by denormalizing the system, as will be touched on
briefly later in this chapter and also in Chapter 14.

This chapter is, in my opinion, the most critical to understand. The methods in this chapter are
exceedingly easy to do, and if | have done my job, easy to understand. There are some very
important misconceptions about the normal forms past the third being meaningless and they are
very wrong. | feel that once you actually normalize to the Fourth level, you will not even consider
going back.
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Fourth Normal Form

Our rules of normalization so far resolved redundancies amongst columnsin an entity, but did not resolve problems
that arise from entities having composite primary keys whilst still possessing redundant data between rows.
Normalizing entities to Fourth Normal Form addresses such problems. In a simple case, moving to Fourth Normal
Form will take care of problems such as the modelling of an attribute that should store a single value but it ends up
storing multiple values. The second type of problem is more elusive. Consider the case of an entity of studentsin a
class (note that multiple classes present a very different problem). We need to store the teacher of each student, so
we put thoseinthecl assAssi gnnment entity as:

classAssignment

class
teacher
student

However thisis unsatisfactory since we have the related attributescl ass, t eacher and st udent inthe same
entity. To change this to Fourth Normal Form, we have to break up this ternary relationship. In order to do thiswe
note that the relationship centerson the cl ass attribute, sinceacl ass hasone or moret eacher s, and indeed
one or morest udent s. Our modified design now looks like this:

classTeacher

class (FK)
| teacher

)

class

class

classStudent

class (FK)
student

i

This example illustrates that the following conditions must be met for an entity to be in Fourth Normal
Form:

0  Theentity must bein Boyce-Codd Normal Form (BCNF). This condition ensures that all keyswill be
appropriately defined, and all valuesin an entity will be properly dependent on its key.

0O  There must not be more than one multi-valued dependency (MVD) represented in the entity. No
more than one attribute can store multiple values that relate to a key in any entity, otherwise there
will be data duplication. In addition it should be ensured that we don’t repeat single valued
attributes for every multi-valued one.
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We shall look at afew examplesto help make these ideas clearer. Let’sfirst ook at the three main forms that Fourth
Normal Form violations take:

0O  Ternary relationships
0O  Lurking multi-valued attributes

0O  Status and other attributes of which we need to know the previous values

Ternary Relationships

We briefly looked at ternary relationships back in Chapter 3. Not all real relationships will manifest themselvesin a
binary-type relationship, and the ternary relationship is really quite common. Any place where we see three (or more)
identifying or mandatory non-identifying relationshipsin an entity, we are likely to have trouble.

Take as an example, a situation where we have designed a set of entities to support a conference planner, storing
information concerning the sessi on, pr esent er, and r oomwhere a session is to be given:

roomSessionPresenter

room
session
presenter

Let us also assume the following set of very open business rules are being enforced:

0O  Morethan one presenter may be listed to give a presentation

O A presentation may span more than one room

The figure below models the relationship: presenter -presents-session-in-room.

room presenter
roomld presenterld
roomName (AK1) i firstName(AK1)
roomSessionPresenter lastname (AK1)

roomSessionPresenterld

7777777777777777777777777 -0 roomld (FK)(AK1)
sessionld (FK)(AK1)
presenterld (FK)(AK1)
session ®

sessionld

name (AK1) @ e ——
startTime
endTime

As areminder, each of these valuesis nullable, as denoted by the diamond on the opposite end of
theline.
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Each of these entitiesis a Boyce-Codd Normal Form entity; however the relationship between the three is troubling.
Let'slook at a set of sample data:

Session Presenter Room

101 Davidson River Room
202 Davidson Stream Room
202 Hazel Stream Room
404 Hawkins Brook Room
404 Hawkins Stream Room

In the first row, there is no problem, as we have one row for the sessi on 101, which has one pr esent er
Davidson and oner oom the River Room. A problem becomes apparent in the next two rows, asone sessi on 202
has two different pr esent er s, and yet asingler oom This forces us to repeat data unnecessarily inther oom
attribute, since we have now stored in two placesthat sessi on 202 isin the Sream Room. If the sessi on moves,
we have to change it in two places, and if we forget this property, and update the r oombased on avalue that we are
not currently displaying (for example through the use of an artificia key), then we end up with:

202 Davidson Stream Room

202 Hazel ‘Changed to Room’

In this example, we have duplicated datain the sessi on and r oomattributes, and the 404 sessi on duplicates
sessi on and pr esent er data. The rea problem with our scenario comes when adding to or changing our data.
If we need to update the sessi on number that Davidson is giving with Hazel in the Stream Room, then two rows
will require changes. Equally, if ar oomassignment changes, then several rows will have to be changed.

When entities are implemented in this fashion, we may not even see all of the rows filled in as fully as this. In
the following entity we see a set of rows that are functionally equivalent to the set in the previous entity.

Session Presenter Room

101 Davidson <null>

101 <null> River Room
202 Davidson <null>

202 <null> Stream Room
202 Hazel <null>

404 <null> Brook Room
404 Hawkins <null>

404 <null> Stream Room
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In this example, we have nulls for somer oons, and some pr esent er s. We have eliminated the duplicated data,
but now all we have is some pretty strange looking data with nulls everywhere. Furthermore we are not able to
clearly use nullsto stand for the situation where we don’t yet know the pr esent er for asessi on. Wearein fact
storing an equivalent set of datato that in the previous example but the datain this form is very difficult to work
with.

To develop a solution to this problem let’ s first make the pr esent er the primary entity:

presenterRoom

presenter (FK)
_| room

|

presenter
presenter

presenterSession

presenter (FK)
_| session

_

Note that our original implementation was as non-identifying relationships. To keep the diagrams
as clear as possible, we will look at the relationships in terms of identifying relationships.

Then we takethe datain ther oonSessi onPr esent er entity and break it into these entities:

Presenter Presenter Room
Davidson Davidson River Room
Hazel Davidson Stream Room
Hawkins Hazel Stream Room
Hawkins Stream Room
Hawkins Brook Room
Presenter Session
Davidson 101
Davidson 202
Hazel 404
Hawkins 404

Thisis obviously not a proper solution, because we would never be able to determine what r oomasessi onis
located in, unlessapr esent er had been assigned. Also, Davidson isdoing asessi on in the River Room aswell
as the Stream Room, and there isno link back to the sessi on that is being given in ther oom When we
decompose any relationship and we lose meaning to the data, the decomposition isreferred to as alossy
decomposition. Thisisone such case, and so is not a reasonable solution to our problem.
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Next we try centering on ther oomwhere the sessions are held:

roomSession

room (FK)
session

)

room

room

roomPresenter

room (FK)
presenter

i

Taking the data and fitting into the entities once again:

Room Room Presenter
River Room River Room Davidson
Brook Room Stream Room Davidson
Stream Room Stream Room Hazel
Stream Room Hawkins
Brook Room Hawkins
Room Session
River Room 101
Stream Room 202
Brook Room 202
Stream Room 404

Again, thisis alossy decomposition, and as such is an improper solution, because we are unable to determine,
for example, exactly who is presenting the 202 presentation. It isin the Sream Room, and Davidson, Hazel,
and Hawkins are all presenting in the Stream Room, but they’re not all presenting the 202 sessi on. So once
again we need to consider another design. This time we center our design on the sessions to be held:
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Looking at the data:

session

session

sessionroom

room (FK)
session

)

sessionPresenter

session (FK)
_| presenter

L

Session

101
202
404

We have finally hit upon a solution to the problem. From this data we are able to determine precisely who is

Session Room

101 River Room
202 Stream Room
404 Brook Room
404 Stream Room
Session Presenter
101 Davidson
202 Davidson
202 Hazel

404 Hawkins

presenting what and where and we will have no problem adding or removing presenters, or even changing rooms.
Take for example sessi on 404. We have the following datain the sessi onRoomand sessi onPr esent er

entities for this session:

Session Room

404 Brook Room
404 Stream Room
Session Presenter
404 Hawkins
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To add apr esent er named Evansto the dlate, we simply add another row:

Session Presenter
404 Hawkins
404 Evans

Thus thisis a proper decomposition, and will not have the problems we outlined in our original entity. Our final
model looks like this:

sessionPresenter presenter
sessionPresenterld presenterld
roomld (FK)(AK1) @~ firstName (AK1)
sessionld (FK)(AK1) firstName (AK1)

session

session

name (AK1)

startTime

endTime
sessionRoom room
sessionRoomld roomld
roomld (FK)(AK1) P~ ] roomName (AK1)
sessionld (FK)(AK1)

Now that we set the sessi on separate from the pr esent er , and the nulls are no longer required in the foreign
key values, since if we want to show that ar oomhas not been chosen, we don't create asessi onRoomrecord.
The sameistrueif we haven't yet chosen apr esent er . More importantly, we can now set multiple rooms for a
sessi on without confusion, and we certainly cannot duplicate a value between the sessi on and ther oom

If we need to have additional data that extends the concept of sessi onPr esent er , for example to denote
aternate pr esent er (or indeed primary and secondary pr esent er ), we now have alogical place to store this
information. Note that if we had tried to store that information in the original entity it would have violated Boyce-
Codd Normal Form sincethe al t er nat ePr esent er attribute would only be referring to the sessi on and
pr esent er, and notther oom

Lurking Multi-valued Attributes

We consider some attributes to be lurking because they do not always stand out as problems at first glance. In an
attempt to illustrate thisidea, let’s consider the following design model:
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contact
contactld address
name addressld
phoneld (FK) [D===============q <additional atttributes>
addressld (FK)
-
3 phone
R phoneld

<additional atttributes>

A problem arises here when we consider the cont act  entity, since we have three attributes: the contact’s nane
(assume that this nameisin First Normal Form), the phone number, and addr ess. The nane isfine, as every
contact has a single name that we will refer to them by, but these days, many people have more than one address and
phone number! We therefore have multi-valued attributes which require further normalization in order to resolve
them. To alow for such multiple address or phone numbers we might modify our design as follows:

contact address
contactld [ D===m=====s addressld
name o <additional attributes>

homeAddressld (FK)
officeAddressld (FK)
officePhoneld (FK)  @--——--—--——
homePhoneld (FK) S phoneld
faxPhoneld (FK) o
mobilePhoneld (FK) @-——————

phone

<additional attributes>

Whilst having multiple phone numbersis not a First Normal Form violation (since they are all different types of
phone numbers, rather than multiples of the same type) we do have a further problem. Since we have simply added
the type attribute to the name of the attribute (for example honeAddr essl d, f axPhonel d) wewill have further
multi-value attribute problemsif, for example, the user has two fax phones, or indeed two mobile phones.
Furthermore, we arein the less than ideal situation of needing multiple nullable values for each of the attributes
when they do not exist. Thisis amessy representation of the relationship. For example, if the client requires a spouse
office phone number attribute for a contact, we will have to change the model, in al probability leading usto re-
writing the application code.

Let’s further modify the design, so as to have separate cont act and cont act | nf or mat i on entities:

address

addressld

contactinformation — -
<additional attributes

contact contactinformationid

contactld type

contactld (FK)(AK1)
phoneld (FK)(AK1)
addressld (FK)(AK1)

name

phone

phoneld

<additional attributes

Thet ype attribute denotes the type of contact information that we are storing in an instance, so we can now have a
cont act | nf or mat i on instance with at ype of Home, and attach an address and phone number to it. This will
now allow usto add as many phone numbers and addresses, as a user requires. However, since address and phone
are held in the same table, we' Il end up with null values where a contact has different numbers of home addresses
and phone numbers.
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At this stage we have to make a decision as to how we want to proceed. We may want a phone number to be linked
with an address (for example linking home address with home phone number). In our case what we will do isto split

thecont act | nf or mat i on entity into cont act Addr ess and cont act Phone (though this should not be
considered as the only possible solution to the problem):

contactAddress
contactAddressld

type

contactld (FK)(AK1)
<address attributes> (AK1)

contact
contactld
name

contactPhone
contactPhoneNumberld

,,,,,,,,,,,,, o type
contactld(FK)(AK1)
<phone attributes> (AK1)

This modification has eliminated the remaining multi-valued dependencies, since we can how have many addresses
and many phone numbers, independently of one another, and are able to define as many types as desired without the
necessity of modifying our entity structures. However, we can take one further step, by modeling the phone number
and address as different entities in the logical model, and adding domain entities for the type column. In thisway we
can prevent users from typing “Home”, “Homer”, “Hume”, etc. when they mean ‘home’. It will also give us a user
configurable constraint so we can add additional types without having to change the model. We will add a
description attribute to the domain entities allowing us to describe the actual purpose of the type. This allows for
situations such as where we have an address type of “Away” that is pretty standard for a given organization, but

confusing to first time users. A description such as: “ Address for contact when travelling on extended sales trips’
could then be assigned. Our final model now looks like this:

addressType
addressTypeld
name Py
description contactAddress
— address
contactld (FK)
addressld (FK) address|d
addressTypeld (FK) <additional attributes> (AK1)
contact
contactld
name
contactPhone e
;zgtnaecrflljng;?rld (FK) phoneNumberld
phoneNumberTypeld (FK) <additional attributes> (AK1)
phoneNumberTypeld ®
phoneNumberType ‘
name
description

It should be noted that | have made the additiona attributes of addr ess and phoneNunber alternate keys, to

avoid duplicating an address every timethat it is used in the system. Thisway if we have five contacts that have the
same address for their office, we only have to change one item. What looks like overkill can therefore actually have
benefits, though when you began to physically model these entitiesit will be a judgement call as to whether or not to
implement to thislevel, bearing in mind any performance tuning issues which may arise.
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Attribute History

We may also encounter problems with our design model in a situation where we need to store status type
information for an instance of some entity. For example, in the following diagram, we have built two entities
that store the header of an order, as well as a domain entity for the order status:

order
orderld

orderStatusTypeld (FK)
takenDate orderStatusType
verifiedDate orderStatusTypeld
sentToShippingDate
fulfilledDate
sentToBillingDate
billedDate
paymentReceivedDate

hame

The problem here is that the order status changes (and hence the value of the or der St at usTypel d attribute)
based both on the values of the other date fields, and other external factors. For example, when the order is taken
from the customer, thet akenDat e attribute would be filled in with a date. The order then might bein ‘ Pending’
status. After the customer’ s payment method has been verified, we would then modify theveri fi edDat e
attribute with the date verified, and set the status to “InProcess’. “InProcess’ could actually mean more than one
thing, such as “sent to shipping” or “bill sent”.

What we are concerned with hereistheor der St at usTypel d attribute on the order entity. It contains the current
status for the order instance. How do you answer questions about when an order got sent to the shipping department,
or when the order verification department verified the order? The modeller of the data has added several fieldsin the
order entity to store these bits of information, but what if it failed verification once? Do we care? And isthe

ful fill edDat e the date when the order was either fully shipped or canceled, or strictly when it was fully
shipped so we need to add another attribute for cancel edDat e?

To solve this problem we will have to change our model to alow the storing of multiple values for each of the
attributes we have created.

order
order orderStatusld orderStatusType
orderld | oorderld (FK) g orderStatusTypeld
orderStatusTypeld (FK)(AK1) name
effectiveDate (AK1)

Now whenever the order status changes, al we have to do is add arecord to the or der St at us entity. Whatever
the record with the latest ef f ect i veDat e valueisthe current status. It would also alow us to have more than one
status value at atime. For instance, not all statuses are fulfilled in a sequential fashion. Inanor der type entity, for
instance, you may send the invoice to be verified, then onceit is verified, send it to be processed by shipping and
billing at the same time. With the new structure that we have created, when our order fails to be shipped, we can
record this. We can also record that the client has paid. Note that, in this case, we only want to model the status of
the overall order, and not the status of any items on the order.

Solving this type of Fourth Normal Form situation will sometimes require a state diagram to determine in what order
astatus is achieved. For example, the following diagram can be used to describe the process of an order being taken,
from the time it was ordered to the time it was closed out. (Canceling or modifying an order, or indeed backorders,
will not be considered in this example.)
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Sent to
Shipping

Payment
Received

We can model this kind of simple state diagram fairly easily with one additional entity:

orderStatusTypeStateDiagram
orderStatusTypeStateDiagramld

fromOrderStatusTypeld (FK)
toOrderStatusTypeld (FK)
L4 L4

order‘Status‘Type

orderStatusTypeld

name

Consider that we had our four statesin the or der St at usType entity

order StatusTypeld Name

Pending
Verified

Sent to Shipping
Bill Sent

Fulfilled

Payment Received
Closed

N[O bh]W|IN|PFP

To define our state diagram we would need the following instancesin the or der St at usTypeSt at eDi agr am
entity (leaving off the pointer thistime, and including Nanre for clarity):

fromOrder StatusTypeld | Name toOrder StatusTypeld | Name

1 Pending 2 Verified

2 Verified 3 Sent To shipping
2 Verified 4 Bill Sent

3 Sent to shipping 5 Fulfilled

192



Advanced Normalization Topics

fromOrder StatusTypeld | Name toOrder StatusTypeld | Name
4 Bill Sent 6 Payment Received
5 Fulfilled 7 Closed
6 Payment Received 7 Closed

In this manner, we can see whether or not we arein a particular state, what state we were previously in, and what
state we can bein next. It also allows us to define the flow of our business rules in data rather than hard coding a
bunch of fixed values.

In this case our status may go through several values, and in fact may have multiple statuses at any given time. You
would have to document business rules outlining exactly how the process works in a given situation, and in reality it
is the exception processing that requires the most amount of time, with up to 80 per cent of coding time generally
spent on the exceptions to the rule.

Additional Normal Forms

In this section we will make brief mention of a pair of additional Normal Forms that exist, though we will not be
including any examples of them, as they are often considered too esoteric, and are generally only practiced during
ordinary logical modeling. However, they are worth at least a mention for the sake of completeness.

Fifth Normal Form — Unlike the examples we have considered above, not every ternary relationship can be
broken down into two entities related to athird. If thisisthe case then the entities are in Fourth Normal Form.
The aim of the Fifth Normal Form isto ensure that any ternary relationships that still exist in a Fourth Normal
Form entity can be decomposed into entities and then rejoined to one another to produce the original entity. If
this cannot be done, then the relationship is implying information that is not true. Having said that, the cases
that the Fifth Normal Form deals with are very esoteric and as such are usually ignored.

Domain Key Normal Form —An entity isin Domain Key Normal Form if every constraint on the entity isa
logical consequence of the definition of keys and domains. Donald Fagin was the first person to devise aformal
definitionin 1981.

Let’sreview what each of these terms means.

O “Key” means any candidate key, which uniquely identifies each row in an entity.

0O “Domain” means any limitation on the kind of data to be stored in the column. This can also be data
enforced using foreign keys, if the resulting entity is defined properly and in at least Fourth Normal
Form.

0O  “Constraint” indicates any rule dealing with attributes (this includes edit rules, interrelation
constraints, functional dependency, and multivalued dependency, but NOT time-dependent
constraints).

Thisis considered the “ perfect” normal form since an entity with no insertion or deletion anomaliesis, and must be,
in Domain Key Normal Form.
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Denormalization

Denormalization is used primarily to improve performance in cases where over-normalized structures are causing
overhead to the query processor and in turn other processesin SQL Server, or to tone down some complexity to
make things easier to implement. Aswe havetried to highlight in this chapter, while it can be argued that
denormalizing to Third Normal Form may simplify queries by reducing the number of joins needed, this risks
introducing data anomalies. Any additional code written to deal with these anomalies will need to be duplicated in
every application that uses the database, thereby increasing the likelihood of human error. The judgement call that
needs to be made in this situation is whether a slightly slower (but 100 per cent accurate) application is preferable to
afaster application of lower accuracy.

It isthis book’s contention that during logical modeling, we should never step back from our normalized structures
to proactively performance tune our applications. As our book is centered around OL TP database structures, the
most important part of our design isto make certain that our logical model represents all of the entities and attributes
that the resulting database will hold. During, and most importantly, after the process of physical modeling, there
may well be valid reasons to denormalize the structures, either to improve performance or reduce implementation
complexity, but neither of these pertain to the logical model. We will always have fewer problemsif we implement
physically what istrue logically, and so | would always advocate waiting until the physical modeling phase, or at
least until we find a compelling reason to do so (like some part of our system isfailing), before we denormalize.

Case Study

Let’s now reconsider our logical model that we left at the end of the last chapter. If we apply what we have learnt in
this chapter to our case study examples, then we discover three examples of Fourth Normal Form violations. These
violations are actually more frequent than one might think, and it is not until you think through each of the attributes
and their possible values that you begin to realize that you may need to extend your model.

Example 1 — Account.BalanceDate

This first example arises when we look at the bal anceDat e attribute in the account entity we originally
designed:

account

bankld: PrimaryKey (FK) (AK1.1)
accountld: PrimaryKey

number: AlphaNumericNumber (AK1.2) ‘
balanceDate: Date

The account will be balanced frequently, otherwise any missed transactions or bank mess-ups may cause usto
accidentally run out of fundsin the account. (If it isn’t, then it will be as bad as my checking account was after | got
out of college!) Since we store data each time the account is balanced, the bal anceDat e attribute represents a
multi-val ued dependency to the account and needs to be rel ocated. Breaking down this dependency, we introduce the
account Reconci | e entity, along withther econci | eDat e and per i odEndDat e attributes. These allow for
the fact that there may be some latency between the time the statement is received and when it is actually reconciled.
Ther econci | eDat e is defined as the date when the account was physically balanced. As afinal touch, we can
add the st at enent | d attribute to the
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account Reconci | e entity, to record any information that the bank sent the user to balance the account. It will
also be better to use the st at enent | d as part of the primary key, since it identifies the reconciliation. With these
modificationsin place our logical model now looks like this:

bank statement

bankld: PrimaryKey e bankld: PrimaryKey (FK) (AK1.1)
statementld: PrimaryKey

name: Name (AK1.1) o type: Code

‘ previousBalance: Amount
previousBalanceDate: Date
currentBalance: Amount

offers

account S statementDate: Date (AK1.2)
: g I totalDebits: Amount

bankld: PrimaryKey (FK) (AK1.1) recorded in 5 ueEsl e totalCredits: Amount

accountld: PrimaryKey reconcile :

balancingltems: Balancingltems

‘ number: AlphaNumericNumber (AK1.2) accountReconcile ¢ account via

bankld: PrimaryKey (FK) (AK1.1)
accountld: PrimaryKey
statementld: PrimaryKey (FK)

reconcileDate: Date
periodEndDate: Date

Example 2 — Payee.Address Id and Payee.Phone Number Id

The second example addresses a particularly common concern, that of needing to have multiple postal addresses and
multiple phone numbers. We covered this earlier in the chapter, when we talked about lurking attributes, and we
need to apply the same process to our case study. Our original model contained single entities for both addr ess
and phoneNunber as shown below:

phoneNumber

identifies contact phone | PhoneNumberld: PrimaryKey

number information for__ countryCode:CountryCode (AK1.1)

i areaCode: AreaCode (AK1.2)

; exchange: Exchange (AK1.3)

RYES number: PhoneNumberPart (AK1.4)
payeeld: PrimaryKey extension: Extension (AK1.5)
phoneNumberld: PrimaryKey (FK)
addressld: Address (FK)

name: Name (AK1.1)

address
addressld: PrimaryKey
b city: City
identifies state: StateCode
location of | ;i code: ZipCode

In order to be able to enter multiple phone numbers we create the pay eePhoneNunber entity, and add atype
domain entity to allow the classification of these numbers. In asimilar fashion we create the attributes
payeeAddr ess and addr essType. Our corrected model design now looks like this:
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phoneNumberType
phoneNumberTypeld: PrimaryKey

name: Name
description: Description

describes type of

payeePhoneNumber ¢

phoneNumberld: PrimaryKey (FK)
payeeld: PrimaryKey (FK)

u)honeNumberTypeld: PrimaryKey (FKy

]
' phoneNumber
is mapped to a | phoneNumberld: PrimaryKey
EEnENIheb T countryCode:CountryCode (AK1.1)

i = areaCode: AreaCode (AK1.2)
Slnaneediicl exchange: Exchange (AK1.3)

payee via number: PhoneNumberPart (AK1.4)
extension: Extension (AK1.5)

payee
payeeld: PrimaryKey

name: Name (AK1.1) payeeAddress

payeeld: PrimaryKey (FK)
is mapped to an addressld: PrimaryKey

address via
KaddressTypeld: PrimaryKey (FK) j
L]

is mapped to a
payee via addressLine
addressld: PrimaryKey (FK)

‘ addressLineld: PrimaryKey ‘

describes type of 3

‘ addressLine: AddressDescriptiveLine ‘

address sortOrderld: SortOrderld

addressType \

addressld: PrimaryKey
addressTypeld: PrimaryKey city: City
name: Name state: StateCode
description: Description zipCode: ZipCode has other information in

Note that now a payee is allowed to have many phone numbers and many addresses in a flexible manner that allows
us to define new types of address without any additional coding; so the user will never be out of luck when he or she
needs to store an address.

However if we take a closer look at the address entity thereis still aproblem, inthat ci ty and st at e arerelated
(non key) attributes and therefore violate the third normal form by appearing in the same entity. Both of these are
asoreated to the zi pCode attribute, since if we know a zip code we can determine the city and state. Splitting the
addr ess entity leads us to the following modified diagram:

addressLine
addressld: PrimaryKey (FK)
addressLineld: PrimaryKey
addressLine: AddressDescriptiveLine
sortOrderld: SortOrderld

address
addressld: PrimaryKey has other information in

city: City state
state: StateCode
zipCode: ZipCode

stateld: PrimaryKey

° ] code: addressStateCode
! ___identifies identifies
identifies mailing | locatonlet | location of
region of | |
| city |
g ; stateld: PrimaryKey (FK)
leCode ! - cityld: PrimaryKey
zipCodeld: Primarykey | |
zipCode: ZipCode name: Name

196



Advanced Normalization Topics

The next stage of the process is to determine the exact relationship between ci t y and zi pCode. Since one zip
code may cover an entire small town, but alarge city may contain many zip codes, the relationship is of the many-
to-many variety. Having created city, state and address entities we now need to be able to combine their attributes to
allow usto be able to search for addresses using full records. To do this we create a new entity,

zi pCodeCi t yRef er ence, which brings together the attributes Gi t yI D, St at el Dand zi pCodel D, and
includes a new attribute Pr i mar yFl . The primary flag will allow us to set which city isthe “primary” city in the
zi pCode, an attribute that the postal service will sell along with a database of zip codes and cities. In this way, our
user can usually access full address details by entering only the zi pCode attributes into an application. Building
thisinto our model will give us:

addressLine

addressld: PrimaryKey (FK)
addressLineld: PrimaryKey ‘

addressLine: AddressDescriptiveLine ‘
sortOrderld: SortOrderld

address
addressld: PrimaryKey has other information in

city: City state
state: StateCode
zipCode: ZipCode

stateld: PrimaryKey

(3 ® code: addressStateCode
! L dentfies identifies
identifies mailing | location of 3 location of
region of | |
| city |
oCode civia: PrimaroKey (FK’W
zipCodeld: Primarykey | yid: yrey
zipCode: ZipCode name: Name

zipCodeCityReference

stateld: PrimaryKey (FK)
) ——e| cityld: PrimaryKey (FK) (- ;
is mappleld to possmle zipCodeld: PrimaryKey (FK) is mapped to p955|ble

cities via zipCodes via

primaryFl: PrimaryFl

Example 3 — check.UsageType

TheusageType attribute was first envisioned as away to tag a check as being used for a certain purpose. In
practice however, a single check can be written for many different purposes, and hence, we have a violation of
Fourth Normal Form, since the user will not be able to put every usage of the check into asingle value. To overcome
this we create the checkUsage entity and associated type domain, in asimilar fashion to that which we saw in the
previous example. This gives us the following mode!:
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check
bankld: PrimaryKey (FK)

accountld: PrimaryKey (FK)
transactionld: PrimaryKey (FK)

payeeld: PrimaryKey (FK)
usageType: Code
signature: Blob

checkUsage

bankld: PrimaryKey (FK)

accountld: PrimaryKey (FK)
transactionld: PrimaryKey (FK)
checkUsageTypeld: PrimaryKey (FK)

has usage defined in

categorizes|a check via

checkUsageType
checkUsageTypeld: PrimaryKey

name: Name
description: Description -
parentCheckUsageTypeld: PrimaryKey (FK)I

Note that the checkUsageType entity includes arecursive relationship that will allow the user to create a tree of
usageTypes for check categorizations, since we now allow one instance of acheckUsageType to be owned by
another. For example, we might define the following tree:

Debit

. Business .
Bill Expense Charity

House

Utilities Payment

Now, (using an algorithm that we will touch on in the physical implementation part of the book in Chapter 12), we
can summarize all of the bills, which in our tree includes utilities and house payments, or all debits, which includes
business expenses, and charity.
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| threw this example into the book to point out that recursive relationships are not terribly difficult
to deal with. The base of the algorithm s pretty simple once you understand it. First you get all of
the rows without parents, (Debit), and go down the tree one level at atime. First (Bill, Business
Expense, and Charity) and in the next pass (Utilities and House Payment). On each pass through
the tree, we simply summarize and add to the previous levels. As mentioned we will do a very simple
example of thisin Chapter 12.

Now we need to finish the checkUsage entity. We have allowed the user to determine multiple usages for a check,
but we have not allowed them to allocate the amount of the check to go to each. There are two possible data
solutions to the problem, either alocating check usage by percentage or amount. In our solution, we will choose to
allocate by amount. Allocating by amount gives the user away to discretely assign the allocation amounts to each
usage type. If the amount of the check changes, the allocation will have to change. If you allocate by percentage, itis
too easy to forget what values you were intending to set.

Hence, we end up with the following set of entities, with the new attributeal | ocat i onAnount :

check

bankld: PrimaryKey (FK)
accountld: PrimaryKey (FK)
transactionld: PrimaryKey (FK)

payeeld: PrimaryKey (FK)

usageType: Code
signature: Blob

checkUsage

bankld: PrimaryKey (FK)

accountld: PrimaryKey (FK)
transactionld: PrimaryKey (FK)
checkUsageTypeld: PrimaryKey (FK)

has usage defined in

allocationAmount: Amount ‘

categorizes|a check via

checkUsageType
checkUsageTypeld: PrimaryKey

name: Name
description: Description
parentCheckUsageTypeld: PrimaryKey (FK)I

To our documentation, we will need to record our first identified inter-entity business rule. We will not allow the
sum of the checkUsage+al | ocat i onAmount valuesto be greater than the transaction amount for the check.
We should also have ancther rule that statesthat checkUsage+al | ocat i onAnpunt values never cometo less
than the transaction amount for the check. Thisisimpossible to implement in SQL Server 2000, but needsto be
noted for middle-tier or front-end implementation since thisis atype of constraint that SQL Server does not have (a
database or end-of-transaction constraint, where following a transaction we check to make sure that everything isin
balance).
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We now have most of the attributes that we would need to actually implement our checking system. We will not be
enhancing the attributes of the model by adding any further information in this normalization exercise. It is very

important at this stage that we review the model that we have created over and over again. Thisis doubly importantin a
real world casel!! It isalso timeto review the data model with the client to make certain that the model precisely models

their business. In the upcoming chapters we will occasionadly have to make changesto our structures as we do some
further review and begin to consider how the users will be using the data.

Thefinal logical data model of our system is asfollows:

bank

bankid: Primarykey

statement

name: Name (AK1.1)

offers

account

bankld: PrimaryKey (FK) (AK1.1)
accountld: Primarykey

number. (AK1.2)

_—. bankid: PrimaryKey (FK) (AKL.1)
PrimaryKe,

has items in

 ENEE g ey

previousBalance: Amount
previousBalanceDate: Date
currentBalance: Amount
statementDate: Date (AKL.2)
totalDebits: Amount
totalCredits: Amount
balancingltems: Balancingltems

has account balancing

gecordecn is used to
reconcile

account via

balanceDate: StreetName
runningTotal: Amount

transfers. mmr by entering

transaction

bankld: PrimaryKey (FK) (AK1.1)
‘accountld: PrimaryKey
statementid: PrimaryKey (FK)

reconcileDate: Date
periodEndDate: Date

bankid: Primarykey (FK) (AKL.1)
accountid: PrimaryKey (FK)(AKL.2)
Primarykey

Gate: Date
number: AlphaNumericNumber (AKL.3)
description: Description

amount: Amount

type: Code

l Type

checkRegisterld: Primarykey

registerType: Code (AKL.1)

has money transferred payee

payeeld: PrimaryKey

name: Name (AKL.1)

is mapped to a
phoneNumber via

payeeAddress

payecPhoneNumber _{
PhoneNumberld: Primarykey (FH)
payeeld: PrimaryKey (FK)

phoneNumberTypeld: PrimaryKey (FK)

statementltem l
bankld: PrimaryKey (FK)
statementld: PrimaryKey (FK)

statementitemid: PrimaryKey

phoneNumberType

phoneNumberTypeld: PrimaryKey

name: Name
description: Description

describes type of

phoneNumber
phoneNumberld: PrimaryKey

countryCode:CountryCode (AKL.1)
areaCode: AreaCode (AK1.2)
exchange: Exchange (AK1.3)
number: PhoneNumberPart (AK1.4)
extension: Extension (AK1.5)

is mapped o a
payee via

Is mapped to an

directWithdrawal
bankid: PrimaryKey (FK)

accountld: PrimaryKey (FK)
transactionld: Primaryey (FK)

deposit

oy address via
bankld: PrimaryKey (FK)
accountld: PrimaryKey (FK)
Primarykey (FK)
payeeld: PrimaryKey (FK) addressType |
usageType: Code
g addressTypeld: Primaryey

name: Name
description: Description

bankid: PrimaryKey (FK)
accountld: PrimaryKey (FK)

e
banklg: PrimaryKey (FK)
PrimaryKey (FK)

accountid: PrimaryKey (FK)
transactionld: PrimaryKey (FK)
checkUsageTypeld: PrimaryKey (FK)

has usage defined in

allocationAmount: Amount

categorizes|a check via
checkUsageType

checkUsageTypeld: PrimaryKey

name: Name

description: Description
parentCheckUsageTypeld: Primaryey (FK)!

bayeeld: Primarykey (FK)
addressld: PrimaryKey

is mapped to a
payee via

addressLine

addressid: Primarykey (FK)
addressLineld: PrimaryKey

addressLine: AddressDescriptiveLine
sortOrderld: SortOrderld

address
addressld: PrimaryKey
cityld: PrimaryKey (FK) state

zipCodeld: Primarykey (FK) stateld: PrimaryKey

stateld: PrimaryKey (FK)

has in code: addressStateCode|
dentifies dentifies
Tocation of Tocation of

identifies mailing

city
Stateld: PrimaryKey (FK)
cityld: PrimaryKey

name: Name

zipCode
zipCodeld: Primarykey

zipCode: ZipCode

2ipCodeCityReference
stateld: PrimaryKey (FK)
cityld: PrimaryKey (FK)
zipCodeld: Primarykey (FK)

primaryFl: PrimaryFl

s mapped to valid

is mapped to valld
cities v ZipCodes via
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Advanced Normalization Topics

Summary

In this chapter we have presented additiona criteriafor normalizing our databases beyond the forms presented in the
previous chapter. At this stage it is pertinent to quickly summarize the nature of the Normal Forms we have outlined
in this, and the preceding Chapter:

First Normal Eorm All attributes must be atomic, one single value per attribute

All instances of an entity must contain the same number of values

All occurrences of an entity in an entity must be different

Second Normal Form The entity must be in First Normal Form
All attributes must be a fact about the entire key and not a subset of the
key

Third Normal Form The entity must be in Second Normal Form

An entity isin Third Normal Form if every non-key attribute is a fact
about akey attribute

All attributes must be a fact about the key, and nothing but the key

All attributes are fully dependent on akey; al attributes must be a fact

B N F
oyce-Codd Normal Form about akey, and nothing but akey.

An entity isin Boyce-Codd Normal Form if every determinant is akey

Eourth Normal Eorm The entity must be in Boyce-Codd Normal Form

There must not be more than one multi-valued dependency represented in
the entity

All of the information we have learned in these two chapters can then be boiled down into a single statement:

All entities must berelations and must be single themed!

By making them identify a SINGLE person, place, thing, or idea, we reduce all of the modification anomalies on the
data we have stored. In thisway, any time we change an attribute of an entity, we are simply changing the
description of that single entity, and cannot effect an incidental change in the data.

The definition of arelation was presented in Chapter 3. This covers the first normal form requirements, and single-
themed covers al of the others. The process of stepping through all of the normal forms will get usto a place where
our databases require very little specia coding to keep the data clean.

In the next chapter we will look at the issues that remain in wrapping up the logical design phase of our
project.
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Ending the Logical Design Phase

Introduction

Let us review what we have achieved so far at this point of the book:

We have gathered all the information
We are well versed in relational theory
We have learned a bit about UML

We have built a use case diagram

We have designed a logical model of our database using the IDEF1X modeling methodology

O o o o o O

We have normalized our data

Now we are almost ready to start our database implementation. But there are a few issues to clear up before
we start creating tables and generating code.

While we are still in a phase of the project where we have quite a bit of contact with the users, thisis the
best time to get answers to the last few questions. What we will be doing is not exactly logical modeling,
but it is not exactly physical modeling either, and some would say thisis the bit that makes the difference
between a brilliant project, and a merely adequate or even sub-standard one. At this point we may also
consider having a review meeting with the project sponsor for alast check on whether the design covers all
the requirements. Also, consider preparing a sign-off document for supporting documentation.



Chapter 8

From a database standpoint, we now have a very well structured data model; we have a good idea of who the
users will be, and we have detailed the different processes that we will need to implement. In this chapter, we
will take a brief look at the tasks that we have to finish prior to beginning the implementation, and we will
examine the final technical issues that are critical to getting the database implemented properly:

0 Datausage

O Volumetrics

O Project plan

0O  Final documentation review

Each of these is important to the process of implementing the database that we will begin in the next chapter.
Taking care of these important technical issues now will allow you to make changes if you missed something,
which may happen, as no one is perfect.

Another great practice when designing a database (or any other type of application for that matter) is to enlist
the aid of other developers to validate your design, as well as to bounce ideas off them. Hold a meeting with
them and explain the objectives of the application, the major obstacles, the known business process, and your
proposed design. Having your data model represented in easy-to-view diagrams will make it easy for your
associates to understand and criticize your work, even those who are not database architects. Let them look
things over, evaluate what has been done, and provide you with feedback. This “peer review process” will
almost always save you time and energy since any given applications will have similarities with other
applications. By enlisting the help of others, you can learn a few things from how they approached their
designs. Take the ideas and suggestions offered in the reviews and evaluations to refine your model and add
more detail.

Lastly, no matter how good ajob you do at the initial interview stage, you will rarely extract descriptions of
every bit of data from your clients. Take the time to meet with clients and ask them a few more questions —
thisis the point where you must make clear what is not possible. Also, you must point out what assumptions
you have made during the logical design and what the impacts may possibly be. Thisis not so much to cover
your back asto leave the client with realistic expectations for the project. If the design does not match the
desires of the client, it is critical to work out the details now, even if the outcome is to go back to the start of
the process and discover what was misunderstood, or even cancel the project.

The truth will always set you free, and the time for the user to discover the gory details of how little you
understand their business is not after the database is implemented and they find they cannot do their job.

Data Usage
So far, we have mapped out what data we need and what it is needed for. We have taken copies of the client’s
reports, screens, and documents to try to glean the data we will need to store, but we have not fully considered
what that data will actually be used for. In this section we will look at:

O Reporting
O Datausage and ownership
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Ending the Logical Design Phase

0O Interfacesto external systems

0O Dataconversion plans

Reporting

Reporting is one of the most important parts of the database system. Almost every bit of data that we have
been modeling will need to be viewed by someone in the organization in some way, either directly or perhaps
as part of a calculation.

In the course of many projects, reporting can be treated as an add-on and frequently the design and
implementation of reportsis put off until after the project is nearly complete. Thisis certainly not what we are
advocating, but it can happen. This is more common with corporate/internal projects, but it does happen on
consulting/external projects as well.

The following Gantt chart shows atypical project timeline:

Feb 2001 Mar 2001 Apr 2001
ID Task Name Start End Duration

| 2/4 |2/1].|2/18|2/25| 3/4 |3/1].|3/143/25 4/1 |4/8 |4/15

1 | Implement Modulel 2/1/2001 |02/03/2001 22d

2 | Implement Module2 P8/02/2001 | 26/03/2001 19d ]

3 | Implement Module 3 13/03/2001f 13/04/2001 24d ]

4 | Design Reports 13/04/2001f 13/04/2001 1d |

5 | Implement Reports 16/04/2001| 18/04/2001 3d .

Even when a reasonable amount of time is scheduled for reports, it is frequently tagged to the end of the
design period, since we really must finish designing the database before we can start querying and actually
implementing reports from it. Then, if the project time line slides — as they have a tendency to do for one
reason or another — the time allocated for reports can be pinched even tighter.

Sometimes, when the clients begin to realize that it is getting late in the process and the reporting design
still hasn’t been done, they will mention it and force the issue, making sure that their reports are considered.
However, even if clients don’t jump up and down shouting about how important reports are to them, users
always care tremendously about reports, as this is how they usually run their business. Reports are how they
get the information out and look at it, sliceit, dice it, plan for it, and — most important of all — get paid for
it. In some cases, reports are the only bit of a project that the user will see.

So what are we saying? Before we end the logical design phase, it is very important to make sure that we

understand what the user wants to get out of the database. Even if we cannot do a full design of the reports, at
the very least we need to understand what the needs are going to be and get the general structure right.
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Report Discovery Strategy

There are two different types of report we need to be concerned with:

0O Standard Reports— The reports that the user must have to get their jobs done. Frequently, these are
very simple reports. They generally make up the core of a user’s needs.

0O  Specialized Reports— Reports that allow users to go the extra mile, by giving them more than the
average information that they would think of themselves.

These are two distinctly different things. Standard reports are reports that take no special skills to develop —
for example, the displaying of the account balance. It is expected that your system will be able to produce
these reports. Specialized reports are those that aren’t quite so expected — they’re the ones that take some
specialist skill or understanding of the business process — for example, consolidating accounts on a multi-
national corporation. In this phase of the project it is extremely important to plan for both.

Standard Reports

Most database systems have some fixed set of required reports that are necessary for the running of the
business. These may be daily, weekly, or yearly reports, all fixed to show performance of the situation that is
modeled by the database system you have created. High profile examples that we see all of the time might
include:

0O Neilson ratings — There is a database somewhere capturing every television show that test people
watch, based on boxes they have in their houses. Daily, hourly, and weekly, it ranks the television
shows based on the number of users who watch. These numbers are used to determine which shows
stay and which go.

O Movie Ticket Sales — Every week in the papers there is always a list of the top ten grossing movies
of the week. This comes from a typical database just like any other.

A less high profile example might be:

0O  Utility Bill — A report of a meter reading, amount being charged, previous charges, and possibly
even last year’s charges.

0O  Traffic Report —In an area where | recently lived (Virginia Beach, VA.), there were cameras and
detectors set up all over the highways, which provided commuters with online reports of traffic
flows.

Specialized Reports

Beyond the scope of the standard reports, the users that you talk with will have special desires for the data that
you will be storing in the database. It is important to meet with the clients to identify how these special
reporting requirements can be met. Users frequently have great ideas in their heads waiting to get out, and they
won't always be listened to.

Keep in mind that the realities involved in implementing areport, or the storage for it, are not important

during the interview — though be careful not to be the one to plant unrealistic ideas in the mind of the client
(you will have created an unwritten specification).
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Ending the Logical Design Phase

The simplest strategy to employ isto ask the usersto list all of the questions that they might conceivably want
to ask of the data that you will be storing. This serves two very important purposes. We get:

O Anideaof what types of things they are thinking of for the future

0 Toseeif we have overlooked anything in our original database design
Taking our report examples, the following types of question might be asked:

0O  Neilson ratings — The user would probably like to know about the person who was watching the TV
program, whether they were watching or taping it, and if they watched the tape after they recorded it.

O Movie Ticket Sales — The age and gender of the people seeing the movie, when they saw it, how
many were in the average party, and how many people walked out because they found it dull.

0O  Utility Bill — How the values were affected each day by the weather, holidays, or any other
situation.

0O  Traffic Report — Trend analysis on how many vehicles are on the road, how the traffic flowed
during the day, the effects of accidents, etc.

There are many challenges in developing reports for the user. In fact, at first it may even seem impossible.
However, by breaking down the requirements and evaluating them, you will be in a better position to advise
on what is possible and what is not. Reporting requirements should be prioritized and then, taking into account
time and resources, broken down into required and future needs. Note that, as the designer, you must not be
afraid to say no if areporting requirement is actually impossible to fulfill.

Take the utility bill report we mentioned previously:

O Required Needs: Reading of meter, amount being charged, previous char ges
Future Needs: Last year's meter reading

0O Impossible Needs: Daily values (cannot be made due to the limitations of the
analog equipment)

Document, document, document! This information will be important to someone. If you are the data architect
with alarge organization, you may not get to ask these types of questions —it will be someone else. And never
hide “the impossible” from the members of the design team. It may not be impossible — that is why we have
teams.

Prototype Reports

Once we have defined what reports are necessary, we need to build prototypes of what the reports will need to
look like and what data will be placed on them. Nearly every computer system design uses prototypes of the
screens that make up an application, as a blueprint of what the client wants and what we will deliver. We must
establish the same kind of thing for reports.

There are two schools of thought when it comes to what kinds of data to put on the prototype report. | present
them both here for you:
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0 Using unreal data. Thisis not to say that we make the data bizarrely unrealistic to the client, but
keep your sample data unreal enough to avoid drawn out discussions of how the exact situation in
the report has never actually happened, though it might have, etc. Prototype reports merely reflect
possible sets of data for a given reporting situation, not an exact situation. In many cases, the
client’s exact current data will not be fully understood until |ater in the development process.

0O Usingrealistic data. By making the proto-type report as close as possible to the final report, it gives
the user afeeling of how well the data is understood. Using current and familiar data draws the user
closer to the design. In addition, it provides early feedback to the designers of the report as to
whether they understand the requirements, and whether their design will produce the desired result.

| generally fall in the first camp, but it is totally dependent on the situation, the client, and — most important —
how vital reports are to the process. In some cases they are very central, and in others they are ancillary. If we
must understand the report before the rest of the system can be successfully built, then using realistic data will
give the best results.

Determine Data Usage and Ownership

Understanding what the data will be used for and who owns it is a critical factor for the completion of the
logical phase. First off, we need to check that our understanding of the following is still up-to-date:

Who will be using the data and what will they be doing with it?
Who will be allowed to do what, to what data?

From where will they accessit?

What applications will be used to access the data?

How many users will access the data?

O o o o o O

How many of these users will need to access the data concurrently?

These points should have been covered during the early analysis. However, it isincumbent on us to make
certain that we totally understand the needs for the data, considering we may have discovered new data during
the logical modeling phase. We will now move on and begin to deal with complex architecture issues like
security and data access architecture.

Security

Unless the client has a predefined architecture for securing their data from unwanted modification/access, the
matter of security frequently gets pushed even further back than reporting. While it may possibly be the least
important part of the project to the data architect, it is certainly important to the database administrator, so it is
not something that can be simply ignored.

When it comes to reports, security is an issue that is ultra-important. Its importance tends to depend on the
information contained in the reports that the client may be using, but seldom will an organization want every
user to have access to all data. A good approach is for the designer to establish a“reports classification table”
and seek instructions from the project sponsor on the classification of each report and which users or user
groups will have access to each report.

208



Ending the Logical Design Phase

Including security information in the use case descriptions of every actor in the system is a very useful
technique. Security isimplied by every process on the use case diagram, since, if the use cases include every
possible report and every possible process, it will follow that if a use caseis not linked to a user, then they
cannot perform some function.

For example, take our example use case from the text of Chapter 5:

Accept Book

® ®
—1  suggest 5ok ) —

Writer
Write Book
Edit Book

Editor Printer
Print Book

Publisher

Pay for
Book

Each of the use cases will be a module in the system, so the writer will need to have access to whatever data it
takes to map the “Write Book” module work. No one else will have access to this data unlessit isused in a

different module as well:

Writer

Now consider what happens if we add a report called the “Book Report”. We create a use case for it and
note that it gives quite a bit of information like name, description, picture, staff comments, and sales

information:
Book Report
Write Book
Writer
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The writer may be able to view the report, but his view should be limited and will lack things like detailed
sales information, for instance. In the actor definition structures, we might include:

Name Author

Description The actor who writes the text of the book

Security Notes May onl)_/ see the light version of the book report, asit contains sensitive
information

Of course, you will probably use some form of tool that should either have space for such documentation or
notes fields to use instead. In the “Book Report” use, we will document the versions and security constraints
for the report, along with how it is used.

Known Architecture Limitations

We will look at determining final architecture later in the book, but | introduce it here, as this stage in the
process is probably the last chance you will get to ask the client questions regarding the actual demands that
will be placed on the database. We need to know about:

0  Connection type — How will the clients actually access the data; from the web, from
local applications?

O  Programming issues — What languages are they married to? Or can we use whatever we want to?

O Likely system demand — Minimum and maximum number of users on the system, and the required
hours of operation.

0 Hardware limitations — This could be political or budgetary, but imagine if we figure that the
user is going to purchase a million dollars worth of equipment, and they figured on five
thousand.

0O  Physical limitations — Networking issues like lack of bandwidth, or even better, not enough room to
fit certain equipment in the secured closet that was set aside for the server.

We need to get some handle on limitations to per formance (how fast the database goes) and scaleability
(how performance changes as the number of users increases) before we get down to physical
implementation.

Interfacing with External Systems

When | speak of “External Systems’, | refer to other databases that are not a proper part of our database, but
with which we need to interface. Common examples include any off-the-shelf product (human resources
system, payroll system, etc.) that an organization has which needs to communicate with our database.

The main problem with external systems is that, for whatever reason, some were poorly designed. Quite a few

off-the-shelf systems still in use today were developed as mainframe systems and hastily ported over to a
relational database system because it was the fashion, with little understanding of relational programming.
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The examples in this section are based on real world situations so, even if they seem unreal, they do mimic
real problemsin real products. They are included mostly for shock value, but also to give some idea of what
may be ahead of usif we wait too |ate in the process before taking into account the external systems that we
need to interface with.

Example 1 — A Problematic Enterprise Resource Planning System

A purchasing and requisitioning application | have worked with had nearly a thousand tables, but only one
domain table to serve as the domain for all tables in the system. Instead of having a single table modeled like:

specificTableDomain
specificTableDomainld

name
description
<specificTableDomain extended attributes>

...for each place where they needed one — for example, payment type, resource type, purchase type, etc. —
some programmer got the bright idea to implement a single table like this:

genericTableDomain
genericTableDomainld

refersToTable

value

name

description

<table 1 extended attribute>
<table 2 extended attribute>

<table 1 extended attribute>

The programmer’ s idea must have been that, in getting a single table to do many things, he/she would only
need a single editor to manage all domain values.

Unfortunately, there are quite afew major problems with using SQL on the data in this implementation. We
will ignore the obvious implementation difficulties (like not being able to use declarative referential integrity
since the specialized tables required a key value, which is not possible in any RDBMS), and stick to the data
conversion issues. There were over eighty different distinct values in the domain table’sr ef er sToTabl e
column. Since this method of building a domain table was non-standard, no data conversion tool supported
this type of query, and the new system we were developing certainly did not mimic this design. Many, many
queries had to be hand coded to extract the data.

Example 2 — Another “How Not To Do It” Example

The next example arose with a third-party product | have had the “pleasure” to interface with, and it makes the
previous situation look easy. | was implementing a system that had to interface with one of our business units
that we had been using for quite a while, and could not be replaced. The system stored its datain SQL Server,
but was implemented in such a manner as to hinder interfacing with other systems. The database used
structures that masked the column names in such away that you had to go through their interfaces just to
figure out what atable had in it.
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For example, the following table shows the metadata that is used to define the fields in atable:

Actual Table  Actual Column Logical Field Name (thefield Type Nullable
Name Name name that we want to know the
field as)

TABLE1 COLUMN1 Keyl d Var char ( 30) No
TABLE1 COLUMN2 Cr eat edBy Sysnane Yes
TABLE1 COLUMNS3 CreateDate I nt No
TABLE1 COLUMNS Modi f yDat e Dateti me No
TABLE1 COLUMN®G Fi el d1 Var char ( 10) Yes
TABLE1 COLUMN7 Fi el d2 Var char ( 10) Yes
TABLE1 COLUMNS Fi el d3 Var char ( 15) Yes
TABLE1 COLUMNN Fi el dN Var char ( 30) Yes

The designers of the product did this to encapsulate the implementation away from the users. As a mechanism
to prevent competitors from gaining an understanding of their structures, it works fabulously. However,
building an interface to retrieve data from these tables was a nightmare, requiring statements such as:

SELECT

FROM
VHERE

COLUWN? as fieldil,
COLUMNB as fiel d2,
COLUMN9 as fi el d3,
COLUWNLO as fiel d4,
COLUWNL1 as fiel d5,

COLUWMNNn as fiel dN
TABLE1

COLUMN9 = ‘<fieldlVal ue>

Performing data conversions, by building statements to modify the data in the tables from our new system, was

avery heinous and time-consuming task.

Example 3 — Systems Suffering from Denormalization

One of the more frequent problems you will face with other systems is denormalization. These systems may be
denormalized for many reasons. Maybe the database designer wasn’t very proficient or maybe it is alegacy
system where the technology doesn’t support full normalization. It is not at all uncommon to see a database
with one, two, or maybe three tables where fifty are required to properly flesh out the solution. For example,
we know that a table which models a person should only have attributes that specifically describe the person,
but a poorly designed table may look like this:
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person
socialSecurityNumber

firstName

lastName
homeAdddressLinel
homeAddressLine2
homeCity
homeState
homeZipCode
officeAddressLinel

officeZipCode

spouseName

dateOfBirth
homeTelephoneNumber
officeTelephoneNumber
computerUserName
computerPassword
printerPassword
salesTotalQuarterlofYear2000
salesTotalQuarter2ofYear2000
salesTotalQuarter3ofYear2000
salesTotalQuarter4ofYear2000
childNamel

childName2

<and it goes on like this

for quite a while>

Hopefully you won’t come across a table as ridiculously denormalized as this one, but even the |east
amount of denormalization in the source system will require complex queries to load the data into our tables.

Additional Issues when Interfacing with Third Party Systems

One of the primary issues when interfacing with external third party systemsis coupling. The reason we have
modeled our entire database without care for external interfaces so far is that, for the most part, it isimportant
to keep our systems loosely coupled to systems that are out of our control. It is generally a good idea to import
data from external tables into structures that we have designed — insert the data into a set of intermediate
tables that will work as an import layer, and will always work regardless of the external system being used.

Another technique for integrating with external systems that share similar but different data structuresisto
build views on the data contained in the external systems. Imagine you have a Stock-Keeping Unit system with
acore SKU table that stores the datain a particular structure, and a cash register system which storesitin a
slightly different format, but from which we need to access the same information. The abstraction layer
created by the views allows the core system to be modified without needing to change the external cash
register system.

Another good reason for identifying all external systems to which we might need to interface is that we don’t

want to start a data store for information that already exists and is available to us. There' s no point in creating
anew enpl oyee tableif an external system has an employee table that we can use.
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Data Conversion Plans

We also need to take into consideration the fact that we are possibly replacing a system that is currently in use,
even if it is a paper-based system. While data conversion is not so much alogical design issue, we still need to
sketch out plans for conversion. Many projects fail due to the lack of plans for getting data from an existing
system.

Granted, once your SQL Server 2000 database has been implemented properly, it will likely be so much better
than the previous system, but people won’t be very happy if it takes a huge effort to make the transition from
old to new. Worse still, you will likely have changed data rules that will invalidate the previous system’s data,
especially when regarding unique data values. It is often true that much old data won’t fit into a new database
without some degree of massaging, due to the sloppy programming and/or design used in the old system.

Planning for Volumetrics

Volumetricsis defined as “of or relating to measurement by volume”, and deals with determining how large
your tables and database will grow. This type of information will be very useful when we get to physical
modeling. Typically, you will get some idea of the size of the tables you are designing from conversations
with the client and by looking at previous systems you are replacing.

Volumetricsis more of a physical modeling matter and we will cover it properly later in the book. However, it is
best to begin to nail down some basic information that we will need to estimate database size and growth.

There are afew basic pieces of information that you can start to gather at this point in the process:
Average length of attribute data (including text and BLOB data)

Percentage of datathat will be filled in for every attribute

How much data will likely be in the table initially

Number of rows in atable and by how much this number will grow

O o o o o

How long the life of the project is expected to be

For example, in our customer database we might have the following table of values to help estimate database
sizes:

Table Name Initial Rows  Growth in Rows per Month Max Rows
cust orer Type 4 0 20

cust oner 0 30 3000

or der 0 1000 Unlimited

In this case, we are saying that we will start out with 4 rowsin the cust oner Type table, that we don’t expect
much if any growth, and that we should plan on a maximum of 20 rows. In the cust oner table, we will start
out with no data but we expect to add 30 rows a month, with an expected ceiling of 3000 rows. In the or der
table, we hope that we will keep adding 1000 rows a month forever.

Having this kind of information at the beginning of hardware planning will be extremely useful.
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Project Plan

At this point | should mention the need for a project plan. Every step from here out will be relatively
straightforward to plan for, once you have been through the process of creating databases ten or twenty times.
The following bits of information should be included:

0O  What tasks need to be accomplished

O  What tasks must be finished before others
O  Milestones to reach for user review

O  How long each task should take

The task of building the project plan will lie directly with the project managing team and, as such, is strictly
beyond the scope of this book. Further information can be found in Professional VB6 Project Management by
Jake Sturm (Wrox Press, ISBN 1-861002-93-9).

Final Documentation Review

Throughout the process of designing our system, we have amassed tons of documentation.

Final review means exactly what it sounds like. All documentation should be read through, corrected, and
synchronized. This step is frequently missed or axed from project plans when time is short — which is exactly
when good documentation can make a big difference. Throughout the design process, documentation
frequently gets out of synch with itself, especially when alarge team is involved.

As an example, | was the data architect on a project for a moderately sized manufacturing plant. The gist of
the project was to store measurements on samples of the materials that they were producing, for quality
control purposes. We gathered information about what they did, what they wanted, and how they would use
the data. We determined their needs, mocked up screens, and designed a database for solving their problems.
The problem was that, while we understood the fundamental's of their reporting needs, we did not understand
everything that was required:

0O  Thereporting was so complex — due to intricate calculations (one of the queries was over 250 lines
of code) — that, when we had mocked up atest query and verified the results, we failed to check
exactly how they would use the data. It took more than fifty old measurements to calculate a new
value, and what happened if someone went back and changed one of those old readings...? They
wanted graphs with the last hundred calculated values, so computing on the fly was not an option.
We just failed to understand much of how these calculated values were used, or how to make them
more valuable to their staff.

0O  Second, we failed to understand the organizational structure of the company we worked with. We dealt
with the two people who were running the project and they seemed experienced enough, but looks
were deceiving, unfortunately. During the design phase of this project, the primary user contact was
till in training. Near the end of the six-month project, they finally understood the exact needs for the
system we were developing, but it was too late in the process.

0O  Thethird problem was the worst. We failed to properly review our documentation and make sure
that everything that was agreed upon was written down. We did this because it was a time and
materials contract. Unfortunately, we had to give them an estimate of what the costs would be like.
We got the figure wrong by at least 200%, and the project took three times as long to complete.
Consequently, we lost the follow-up work to a different consulting firm.
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The important moral in this story is that all three of these problems would have evaporated if we had fully
reviewed the documentation and made the clients sign off on it. If our entire plan had been meticulously
written down, the additional time required would not only have been accepted, it would have been foreseen.
Instead, we got into trouble because we had other projects to move on to.

It is not always possible to document every last detail of a system you are endeavoring to build. However, it is
extremely important at this stage to review the documentation, to make sure that what you have specified can
actually be built in the amount of time you have suggested, and that the requirements on you are not too open
ended. Regardless of what type of project it is— corporate, time and materials, or fixed bid — it will always make
sense for you to protect yourself against poor documentation.

Future Requirements

Asafinal step, we should document any future requirements that the client may have for the system we are
creating. Asthe designer, it isyour job to try to discover what are the future plans for the project, and what
requirements may arise from them. Wherever feasible, the design for the current project should be modified to
take these into consideration, aslong as it does not significantly increase costs. Y ou will look pretty silly (and
turn out to be alot poorer) if, six months after a project completes, the client asks for what he considers to be a
trivial change, and you have to tell him it will take six months to implement because you will have to change
50 tables — especially when you knew that this might have been a possible request from the outset.

A little advance planning might mean a two week turnaround, a happy customer, and possible future business.
Obviously, you should not kill yourself trying to second-guess the client’s every need or whim — you have to
be sensible about this. Be upfront with the client. “If we spend an extra two days adding X, then it will make it
much easier to add Y should you need it in the future.” If the client says, “Nah! We'll never need that” then
fair enough — but try to get that in writing! Be proactive. As a professional designer, you should be thinking
beyond the simple limits set by the client. Suggesting possible future enhancements and planning for them
shows you understand the client’s business and rarely hurts the bank balance.

Case Study

When we last |eft our case study we had built our data model, we had made a use case model, and were ready
to start building. But not quite — we still have afew more pieces of information to gather.

Data Usage

In our use cases, we identified two different users for the system, the general account user (the spender),
and the accounting clerk (the recorder). We interview the client again to try to discover what kinds of uses
might be made of the data. Through these discussions, we discover that we need to add a few additional use
cases and an additional actor. The actor we failed to identify initially is the management user, a user who
gets to look at summaries of accounts and the activities of the other account users. We defined three new
use cases: summary reports, user reports, and account alerts. We will discuss exactly what the reports
require in the next subsections, but the account alerts are defined as messages sent to the user to tell them
that an account is in need of some attention, such as the general account being overdrawn.
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Reports

When we ask the users what kind of reports they must have, we get the following list:

O

O

Account Summary — Simply a categorized list of transactions, based on the checkUsage field.
This report must let the user determine the level of subcategories to show. For instance, they could
simply ask for all debits vs. credits, or another level down where they can see the basic
categorization — all bills, business expenses, and charitable donations made (as we showed in the
checkUsageType table example in the previous chapter).

User Activity — A list of all transactions attributed to a given user, or simply grouped by user. Also
needs to be able to show any transactions that have not been attributed to the user who actually
spent the money.

Account Balance— A list of all accounts and balances.

Further discussion leads the users to give us their specialized reports:

O

Spending Trends — A very useful report that should be fairly easy to program, but is certainly not
required, would be one that gives the trends of where the money goes in a more graphical easy-to-
understand manner than the Account Summary Report.

Future Balance Estimator — They would like to take spending for previous months and extrapolate
to get an estimate of what they will probably spend in future months. Thiswould be in lieu of a
budget type tool. This report would also come in handy when building budgets.

Auto Check Writing — Some time in the future they would like to have a facility to automatically pay
bills, including the ability to have automatic payment with some intelligence built in, for situations
where the required amount is not available in the account, etc.

They would also like to build data marts based on their data, in order to get multi-grouped
reports based on payee, payee |ocation, where the money goes, how much the amount was, etc.
Thisis clearly above and beyond our current scope, but is very interesting to know.

Note that we have discovered at least one new data element and a new table for our database in the User
Activity report. So we add a user table, and associate a user with a check and a deposit like so:
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directWithdrawal
bankld: PrimaryKey (FK) ‘

accountld: PrimaryKey (FK)
transactionld: PrimaryKey (FK)
| userld: PrimaryKey (FK) ‘ check

® bankld: PrimaryKey (FK)
accountld: PrimaryKey (FK)
transactionld: PrimaryKey (FK)
userld: PrimaryKey (FK)
__e payeeld: PrimaryKey (FK)
usageType: Code
signature: Blob

makes

user

userid: Primarykey
username: UserName
firstName: FirstName
middleName: MiddleName
lastName: LastName

|
|
|
|
|
I
|
3
I writes
|
|
|
|
|
|
|
|
]
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Thiswill allow usto track the user who writes a check. This is another example of why we need to go through
the entire design process, not leaving out any steps nor any stone unturned.

Prototype Report

We will now produce prototype reports of those listed in the previous section. To save space in this case study,
| have | chosen just one — the Account Summary report —