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Information may be the most valuable commodity in the
modern world. It can take many different forms — account-
ing and payroll information, information about customers and
orders, scientific and statistical data, graphics—to mention
just a few. We are virtually swamped with data. And we
cannot — or at least we’d like to think about it this way —
afford to lose it, but these days we simply have too much data
to keep storing it in file cabinets or cardboard boxes. The
need to safely store large collections of persistent data, effi-
ciently “slice and dice” it from different angles by multiple
users and update it easily when necessary is critical for every
enterprise. That need mandates the existence of databases,
which accomplish all the tasks listed above, and then some.
To put it simply, a database is just an organized collection of
information — with emphasis on organized.

A more specific definition often used as a synonym for
“database” is database management system (DBMS). That term
is wider and, in addition to the stored information, includes
some methods to work with data and tools to maintain it.

DBMS can be defined as a collection of interrelated data

~  plus a set of programs to access, modify, and maintain the
data. More about DBMS later in this chapter.
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Desirable database characteristics

There are many ideas about what a database is and what it should do. However, all
modern databases should have at least the following characteristics.

Sufficient capacity

A database’s primary function is to store large amounts of information. For exam-
ple, an order management system for a medium-sized company can easily grow into
gigabytes of data; the bigger the company, the more data it needs to store and rely
upon. A company that wants to keep historical (archival) data will require even
more storage space. The need for storage capacity is growing rapidly, and
databases provide for structured storage.

Adequate security

As was noted previously, enterprise data is valuable and must be stored safely. That
means protection of the stored data not only from malicious or careless human
activities, such as unauthorized logins, accidental information deletions/modifica-
tions, and so on, but also from hardware failures and natural disasters.

Multiuser environment

It’s also important to note that in order to be useful, the information stored in a
database must be accessible to many users simultaneously at different levels of
security, and, no matter what, the data must stay consistent. For example, if two
users try to change the same piece of information at the same time, the result can
be unpredictable (e.g., data corruption), so situations like that have to be handled
appropriately by internal database mechanisms. Also, certain groups of users may
be allowed to modify several pieces of information, browse other parts of it, and be
prevented from even viewing yet another part. (Some company data can be strictly
confidential with a very restricted access.)

Effectiveness

Users need quick access to the data they want. It is very important not only to be
able to store data, but also to have efficient algorithms to work with it. For example,
it would be unacceptable for users to have to scroll through each and every record
to find just one order among millions stored in the database; the response to some-
one’s querying the database must be fast, preferably instantaneous.

Alote As an analogy, suppose you wanted to find all the occurrences of the word
~  "object” in a book. You could physically browse through the entire book page by
page until you reach the end. Or you could use the index and determine that the
word is used on pages 245, 246, and 348. This situation is comparable to using

bad or good programming algorithms.
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Scalability

Databases must be flexible and easily adaptable to changing business needs. That
primarily means that the internal structure of database objects should be easily
modified with minimum impact on other objects and processes; for example, to add
a field in a legacy database you would have to bring the whole dataset offline, that is,
make it inaccessible to users, modify it, change and recompile related programs, and
so on. We'll talk more about that in the “Database Legacy” section of this chapter.

Another scalability aspect is that data typically lives longer than the hardware and
software used to access and manipulate it, so it would not be very convenient to
have to redesign the entire database to accommodate the current “flavor-of-the-
month” development environment; for example, in case of a takeover or when com-
pany management suddenly decides to switch production environment from Java
to C#.

User-friendliness

Databases are not just for programmers and technical personnel (some would
say not for programmers — period). Nontechnical users constitute the majority of
all database users nowadays. Accountants, managers, salespeople, doctors and
nurses, librarians, scientists, technicians, customer service representatives — for
all these and many more people, interaction with databases is an integral part of
their work. That means data must be easy to manipulate. Of course, most users
will access it through a graphical user interface with a predefined set of screens
and limited functionality, but ad-hoc database queries and reports become more
and more popular, especially among sophisticated, computer-literate users.

Consider this. An order management application has a screen to view all orders

— and another window to browse customers. It can also generate a number of

reports, including one to analyze orders grouped by customer. But accountant
Jerry is working on a report for his boss and needs to find the ten customers with
the highest debt. He can request a new report from the IT department, but it will
take days (or even weeks) because of bureaucratic routine, programmers’ busy-
ness, or something else. The knowledge of SQL can help Jerry to create his own
ad-hoc query, get the data, and finish his report.

Selecting Your Database Software

Every single DBMS on the market follows essentially the same basic principles,
there is a wide variety of database products on the market, and it is very difficult
for a person without solid database background to make a decision on what would
be the right product to learn or use. The database market is chockfull of different
RDBMS: IBM DB2 UDB, Oracle, Microsoft SQL Server, Sybase, Informix, PostgreSQL,
to name just a few.

5
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No two DBMS are exactly alike: There are relatively simple-to-use systems, and
there are some that require serious technical expertise to install and operate on;
some products are free, and some others are fairly expensive —all in addition to a
myriad of some other little things like licensing, availability of expertise, and so on.
There is no single formula to help you in the DBMS selection process but rather
several aspects to consider while making the choice. Here are the most common
ones to start with.

Market share

According to a study by Gartner Dataquest, in 2001 the three major DBMS imple-
mentations shared about 80 percent of the database market. Oracle accounted for
32 percent, IBM DB2 about 31.6 percent, and Microsoft SQL Server 16.3 percent.
Informix (now part of IBM) ranked fourth with 3 percent, followed by Sybase (2.6
percent); the rest of the market (14.4 percent) is shared among dozens (or maybe
hundreds) of small vendors and nonrelational “dinosaurs.” It’s also worth noticing
that the share of the “top three” is constantly growing (at the expense of their
smaller competitors) —in 1997 the combined share of the “big three” was less than
70 percent.

Total cost of ownership

The prices for the three major implementations are comparable but could vary
depending on included features, number of users, and computer processors from
under a thousand dollars for a standard edition with a handful of licenses to hun-
dreds of thousands or even millions for enterprise editions with unlimited user
access. Many small database vendor implementations are free. Skills are a different
story. Database expertise is a costly thing and usually is in short supply. On aver-
age, Oracle expertise is valued a little higher than comparable expertise for
Microsoft SQL Server or DB2. The total cost of ownership (TOC) analysis released
by vendors themselves tends to be biased, so use your best judgment and do your
homework before committing your company to a particular vendor. Make no mis-
take about it: This is a long-term commitment, as switching the database vendors
halfway into production is an extremely painful and costly procedure.

Support and persistency

One may ask, why spend thousands of dollars on something that can be substituted
with a free product? The answer is quite simple: For a majority of businesses the
most important thing is support. They pay money for company safety and share-
holders’ peace of mind, in addition to all the bells and whistles that come with an
enterprise level product with a big name. (As the adage goes: “No one was ever
fired for buying IBM”....) First, they can count on relatively prompt support by
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qualified specialists in case something goes wrong. Second, the company manage-
ment can make a reasonable assumption that vendors like IBM, Microsoft, or Oracle
would still be around ten years from now. (Nobody can guarantee that, of course,
but their chances definitely look better against the odds of their smaller competi-
tors.) So, the less expensive (and sometimes free) products by smaller database
vendors might be acceptable for small businesses, nonprofit organizations, or non-
critical projects, but very few serious companies would even consider using them
for, say, their payroll or accounting systems.

Everything in Details: DBMS Implementations

fr

One book cannot possibly cover all existing database implementations, and taking
into consideration all these aspects, we’'ve decided to concentrate on “the big
three”: Oracle Database, IBM DB2 UDB, and Microsoft SQL Server. These implemen-
tations have many common characteristics: They are all industrial-strength enter-
prise level relational databases (relational database model and SQL standards are
covered later in this chapter), they use Structured Command Language (SQL) stan-
dardized by the American National Standards Institute (ANSI) and the International
Organization for Standardization (ISO), and all three are able to run on Windows
operating system. Oracle also is available on virtually any UNIX flavor, Linux, MVS,

and OpenVMS; DB2 UDB is running on UNIX/Linux, NUMA-Q, MVS, 0S/2, and AS/400.

ANSI is a private, nonprofit organization that administers and coordinates the U.S.

~  voluntary standardization and conformity assessment system. The Institute’s mis-

sion is to enhance both the global competitiveness of U.S. business and the U.S.
quality of life by promoting and facilitating voluntary consensus standards
and conformity assessment systems, and safeguarding their integrity. ANSI
was founded October 18, 1918 and is the official U.S. representative to the
International Organization for Standardization (1SO) and some other international
institutions.

The problem is, none of the databases mentioned earlier is 100 percent ANSI SQL
compliant. (We’ll talk about three levels of conformance on the following pages; the
feature compliance list is given in Appendix J.) Each of these databases shares the
basic SQL syntax (though some diversity exists even there), but the language oper-
ators, naming restrictions, internal functions, datatypes (especially date and time
related), and procedural language extensions are implemented differently.

r Cross- See Chapter 14 for more information on the SQL procedural extensions.
Reference

Table 1-1 compares some data on maximum name lengths supported by different
database implementations.

7
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Table 1-1

Maximum Name Length Restrictions
for Some of Database Objects

IBM DB2 8.1 MS SQL Oracle 9i
Server 2000
Table name length (characters) 128 128 30
Column name length (characters) 30 128 30
Constraint name length (characters) 18 128 30
Index name length (characters) 128 128 30
Number of table columns 255 1023 1000

In an ideal world the standards would rule supreme, and SQL would be freely
shared among different implementations for the benefit of humanity. Unfortunately,
the reality looks somewhat different. While it is possible to distill a standard SQL
understood by all database vendors’ products, anything above some very trivial
tasks would be better, quicker accomplished with implementation-specific features.

Real-Life Database Examples

To say that the databases are everywhere would be an understatement. They virtu-
ally permeate our lives: Online stores, health care providers, clubs, libraries, video
stores, beauty salons, travel agencies, phone companies, government agencies like
FBI, INS, IRS, and NASA —they all use databases. These databases can be very dif-
ferent in their nature and usually have to be specifically designed to cater to some

fro

special customer needs. Here are some examples.

All relational databases can be divided into two main categories according to their

T

primary function —online transaction processing (OLTP) and data warehouse sys-

tems. OLTP typically has many users simultaneously creating and updating individ-
ual records; in other words it’s volatile and computation-intensive. Data warehouse
is a database designed for information processing and analysis, with focus on plan-
ning for the future rather than on day-to-day operations. The information in these is
not going to change very often, which ensures the information consistency (repeat-
able result) for the users. In the real world most systems are hybrids of these two,

unless specifically designed as data warehouse.
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Order management system database

A typical database for a company that sells building materials might be arranged as
follows: The company must have at least one customer. Each customer in the
database is assigned one or more addresses, one or more contact phones, and a
default salesperson who is the liaison between the customer and the company. The
company sells a variety of products. Each product has a price, a description, and
some other characteristics. Orders can be placed for one or more product at a time.
Each product logically forms an order line. When an order is complete it can be
shipped and then invoiced. Invoice number and shipment number are populated
automatically in the database and can not be changed by users. Each order has a
status assigned to it: COMPLETE, SHIPPED, INVOICED, and so on. The database also
contains specific shipment information (bill of lading number, number of boxes
shipped, dates, and so on). Usually one shipment contains one order, but the
database is designed in such a way that one order can be distributed between more
than one shipment, as well as one shipment can contain more than one order. Some
constraints also exist in the database. For example, some fields cannot be empty,
and some other fields can contain only certain types of information.

You already know that a database is a multiuser environment by definition. It’s a
common practice to group users according to the functions they perform and secu-
rity levels they are entitled to. The order management system described here could
have three different user groups: Sales department clerks’ function is to enter or
modify order and customer information; shipping department employees create
and update shipment data; warehouse supervisors handle products. In addition, all
three user groups view diverse database information under different angles, using
reports and ad-hoc queries.

We'll use this database, which we’ll call ACME, throughout this book for examples
and exercises. ACME database is a simplified version of a real production database.
It has only 13 tables, and the real one would easily have over a hundred.

r Cross- See Appendix B (The ACME Sample Database) and Appendix F (Installing ACME
Reference)\  patabase) for more detailed descriptions of the database and installation

instructions.

Health care provider database

A health provider company has multiple offices in many different states. Many doc-
tors work for the company, and each doctor takes care of multiple patients. Some
doctors just work in one office, and others work in different offices on different days.
The database keeps information about each doctor, such as name, address, contact
phones, area of specialization, and so on. Each patient can be assigned to one or
more doctors. Specific patient information is also kept in the database (name,
address, phones, health record number, date of birth, history of appointments,






















































