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Foreword

‘'m very happy that Itzik has managed to find the time and energy to produce a book

about T-SQL fundamentals. For many years, Itzik has been using his great Microsoft
SQL Server teaching, mentoring, and consulting experience to write books on advanced
programming subjects, leaving a significant gap not only for the novice and less ex-
perienced users but also for the many experts working with SQL Server in roles where
T-SQL programming is not a high priority.

When it comes to T-SQL, Itzik is one of the most knowledgeable people in the world.
In fact, we (members of the SQL Server development team), turn to Itzik for expert ad-
vice on most of the new language extensions we plan to implement. His feedback and
consultations have become an important part of our SQL Server development process.

It is never an easy task for a person who is a subject matter expert to write an intro-
ductory book; however, Itzik has the advantage of having taught both introductory and
advanced programming classes for many years. Such experience is a great asset when
differentiating the fundamental T-SQL information from the more advanced topics. But
in this book, Itzik is not simply avoiding anything considered advanced; he is not afraid
to take on inherently complex subjects such as set theory, predicate logic, and the rela-
tional model, introducing them in simple terms, and providing just enough information
for readers to understand their importance to the SQL language. The result is a book
that rewards readers with an understanding of not only what and how T-SQL works, but
also why.

In programming manuals and books, there is no better way to convey the subject
under discussion than with a good example. This book includes many examples—and
you can download them all from Itzik's website, http.//tsql.solidg.com. T-SQL is a dialect
of the official ISO and ANSI standards for the SQL language, but it has numerous exten-
sions that can improve the expressiveness and brevity of your T-SQL code. Many of
Itzik's examples show the T-SQL dialect solution and the equivalent ANSI SQL solution
to the same exercise side by side. This is a great advantage for readers who are familiar
with the ANSI version of SQL but who are new to T-SQL, as well as for programmers
who need to write SQL code that can be deployed easily across several different data-
base platforms.
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Foreword

Itzik's deep connection to the SQL Server team shows in his explanation of the Ap-
pliance, Box, Cloud (ABC) flavors of SQL Server in Chapter 1, “Background to T-SQL
Querying and Programming.” So far, | have seen the term “ABC” used only internally
within the Microsoft SQL Server team, but I'm sure it is only a matter of time until the
term spreads around. Itzik developed and tested the examples in the book against both
the “B" (box) and "C" (cloud) flavors of SQL Server. And the Appendix points out where
you can get started with the cloud version of SQL Server, known as Windows Azure
SQL Database. Therefore, you can use this book as a starting point for your own cloud
experiences. The Azure website shows how to start your free subscription to the Azure
services, so you can then execute the examples in the book.

The cloud extension of SQL Server is an extremely important point that you should
not miss. | consider it to be so important that I'm doing something here that never should
be done in a Foreword—advertising another book (sorry, Itzik, I have to do this!). My
own interest and belief in cloud computing skyrocketed after reading Nicholas G. Carr’s
The Big Switch (W.W. Norton and Company, 2009), and | want to share that experience. It
is a great book that compares the advancement of cloud computing to electrification in
the early 1900s. My certainty in the future of cloud computing was further cemented by
watching James Hamilton's "Cloud Computing Economies of Scale” presentation at the
MIX10 conference (the recording is available at http://channel9.msdn.com/events/MIX/
MIX10/EX0]I).

Itzik mentions one more cloud-related change that you should be aware of. We
were used to multi-year gaps between SQL Server releases, but that pattern is chang-
ing significantly with the cloud; you should instead be prepared for several smaller
cloud releases (called Service Updates) deployed in the Microsoft Data Centers around
the world every year. Therefore, Itzik wisely documents the discrepancies between SQL
Server and Windows Azure SQL Database T-SQL on his http.//tsql.solidg.com website
rather than in the book, so he can easily keep the information up to date.

Enjoy the book—and even more—enjoy the new insights into T-SQL that this book
will bring to you.

Lubor Kollar, SQL Server development team, Microsoft


http://channel9.msdn.com/events/MIX/MIX10/EX01
http://channel9.msdn.com/events/MIX/MIX10/EX01

Introduction

his book walks you through your first steps in T-SQL (also known as Transact-SQL),

which is the Microsoft SQL Server dialect of the ISO and ANSI standards for SQL.
You'll learn the theory behind T-SQL querying and programming and how to develop
T-SQL code to query and modify data, and you'll get an overview of programmable
objects.

Although this book is intended for beginners, it is not merely a set of procedures
for readers to follow. It goes beyond the syntactical elements of T-SQL and explains the
logic behind the language and its elements.

Occasionally, the book covers subjects that may be considered advanced for readers
who are new to T-SQL; therefore, those sections are optional reading. If you already feel
comfortable with the material discussed in the book up to that point, you might want
to tackle the more advanced subjects; otherwise, feel free to skip those sections and re-
turn to them after you've gained more experience. The text will indicate when a section
may be considered more advanced and is provided as optional reading.

Many aspects of SQL are unique to the language and are very different from other
programming languages. This book helps you adopt the right state of mind and gain a
true understanding of the language elements. You learn how to think in terms of sets
and follow good SQL programming practices.

The book is not version-specific; it does, however, cover language elements that
were introduced in recent versions of SQL Server, including SQL Server 2012. When |
discuss language elements that were introduced recently, | specify the version in which
they were added.

Besides being available in an on-premises flavor, SQL Server is also available as a
cloud-based service called Windows Azure SQL Database (formerly called SQL Azure).
The code samples in this book were tested against both on-premises SQL Server and
SQL Database. The book’s companion website (http.//tsql.solidg.com) provides infor-
mation about compatibility issues between the flavors—for example, features that are
available in SQL Server 2012 but not yet in SQL Database.

To complement the learning experience, the book provides exercises that enable you
to practice what you've learned. The book occasionally provides optional exercises that
are more advanced. Those exercises are intended for readers who feel very comfortable
with the material and want to challenge themselves with more difficult problems. The
optional exercises for advanced readers are labeled as such.
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Who Should Read This Book

This book is intended for T-SQL developers, DBAs, Bl practitioners, report writers, ana-
lysts, architects, and SQL Server power users who just started working with SQL Server
and need to write queries and develop code using Transact-SQL.

Assumptions

To get the most out of this book, you should have working experience with Windows
and with applications based on Windows. You should also be familiar with basic con-
cepts concerning relational database management systems.

Who Should Not Read This Book

Not every book is aimed at every possible audience. This book covers fundamentals.

It is mainly aimed at T-SQL practitioners with little or no experience. With that said,
several readers of the previous edition of this book have mentioned that—even though
they already had years of experience—they still found the book useful for filling gaps in
their knowledge.

Organization of This Book

This book starts with both a theoretical background to T-SQL querying and program-
ming in Chapter 1, laying the foundations for the rest of the book, and also coverage
of creating tables and defining data integrity. The book moves on to various aspects of
querying and modifying data in Chapters 2 through 8, then to a discussion of concur-
rency and transactions in Chapter 9, and finally provides an overview of programmable
objects in Chapter 10. The following section lists the chapter titles along with a short
description:

m  Chapter 1, "Background to T-SQL Querying and Programming,” provides a
theoretical background of SQL, set theory, and predicate logic; examines the
relational model and more; describes SQL Server's architecture; and explains
how to create tables and define data integrity.

m  Chapter 2, “Single-Table Queries,” covers various aspects of querying a single
table by using the SELECT statement.
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Chapter 3, “Joins,” covers querying multiple tables by using joins, including cross
joins, inner joins, and outer joins.

m  Chapter 4, "Subqueries,” covers queries within queries, otherwise known as
subqueries.

m  Chapter 5, “Table Expressions,” covers derived tables, common table expressions
(CTEs), views, inline table-valued functions, and the APPLY operator.

m  Chapter 6, "Set Operators,” covers the set operators UNION, INTERSECT, and
EXCEPT.

m  Chapter 7, "Beyond the Fundamentals of Querying,” covers window functions,
pivoting, unpivoting, and working with grouping sets.

m  Chapter 8, "Data Modification,” covers inserting, updating, deleting, and merg-
ing data.

m  Chapter 9, "Transactions and Concurrency,” covers concurrency of user connec-
tions that work with the same data simultaneously; it covers concepts including
transactions, locks, blocking, isolation levels, and deadlocks.

m  Chapter 10, “Programmable Objects,” provides an overview of the T-SQL pro-
gramming capabilities in SQL Server.

m  The book also provides an appendix, “Getting Started,” to help you set up your
environment, download the book’s source code, install the TSQL2012 sample
database, start writing code against SQL Server, and learn how to get help by
working with SQL Server Books Online.

System Requirements

The Appendix, "Getting Started,” explains which editions of SQL Server 2012 you can
use to work with the code samples included with this book. Each edition of SQL Server
might have different hardware and software requirements, and those requirements are
well documented in SQL Server Books Online under “Hardware and Software Require-
ments for Installing SQL Server 2012." The Appendix also explains how to work with SQL
Server Books Online.

If you're connecting to SQL Database, hardware and server software are handled by
Microsoft, so those requirements are irrelevant in this case.
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Code Samples

This book features a companion website that makes available to you all the code used
in the book, the errata, and additional resources.

http://tsql.solidg.com

Refer to the Appendix, “Getting Started,” for details about the source code.
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Please note that product support for Microsoft software is not offered through the
addresses above.

Introduction

XXV


mailto:mspinput@microsoft.com
http://www.microsoftpressstore.com/title/ 9780735658141

We Want to Hear from You

At Microsoft Press, your satisfaction is our top priority, and your feedback our most
valuable asset. Please tell us what you think of this book at:

http://www.microsoft.com/learning/booksurvey

The survey is short, and we read every one of your comments and ideas. Thanks in
advance for your input!

Stay in Touch

Let's keep the conversation going! We're on Twitter: http.//twitter.com/MicrosoftPress.

XXVi Introduction


http://www.microsoft.com/learning/booksurvey
http://twitter.com/MicrosoftPress

Background to T-SQL Querying
and Programming

ou're about to embark on a journey to a land that is like no other—a land that has its own set of

laws. If reading this book is your first step in learning Transact-SQL (T-SQL), you should feel like
Alice—just before she started her adventures in Wonderland. For me, the journey has not ended;
instead, it's an ongoing path filled with new discoveries. | envy you; some of the most exciting dis-
coveries are still ahead of you!

I've been involved with T-SQL for many years: teaching, speaking, writing, and consulting about it.
For me, T-SQL is more than just a language—it's a way of thinking. I've taught and written extensively
on advanced topics, but until now, | have postponed writing about fundamentals. This is not because
T-SQL fundamentals are simple or easy—in fact, just the opposite: The apparent simplicity of the
language is misleading. | could explain the language syntax elements in a superficial manner and have
you writing queries within minutes. But that approach would only hold you back in the long run and
make it harder for you to understand the essence of the language.

Acting as your guide while you take your first steps in this realm is a big responsibility. | wanted
to make sure that | spent enough time and effort exploring and understanding the language before
writing about fundamentals. T-SQL is deep; learning the fundamentals the right way involves much
more than just understanding the syntax elements and coding a query that returns the right output.
You pretty much need to forget what you know about other programming languages and start think-
ing in terms of T-SQL.

Theoretical Background

SQL stands for Structured Query Language. SQL is a standard language that was designed to query
and manage data in relational database management systems (RDBMSs). An RDBMS is a database
management system based on the relational model (a semantic model for representing data), which
in turn is based on two mathematical branches: set theory and predicate logic. Many other program-
ming languages and various aspects of computing evolved pretty much as a result of intuition. In
contrast, to the degree that SQL is based on the relational model, it is based on a firm foundation—
applied mathematics. T-SQL thus sits on wide and solid shoulders. Microsoft provides T-SQL as a
dialect of, or extension to, SQL in Microsoft SQL Server data management software, its RDBMS.



This section provides a brief theoretical background about SQL, set theory and predicate logic,
the relational model, and the data life cycle. Because this book is neither a mathematics book nor a
design/data modeling book, the theoretical information provided here is informal and by no means
complete. The goals are to give you a context for the T-SQL language and to deliver the key points
that are integral to correctly understanding T-SQL later in the book.

Language Independence

The relational model is language-independent. That is, you can implement the relational model
with languages other than SQL—for example, with C# in a class model. Today it is common to
see RDBMSs that support languages other than a dialect of SQL, such as the CLR integration in
SQL Server.

Also, you should realize from the start that SQL deviates from the relational model in sev-
eral ways. Some even say that a new language—one that more closely follows the relational
model—should replace SQL. But to date, SQL is the industrial language used by all leading
RDBMSs in practice.

See Also For details about the deviations of SQL from the relational model, as well as how to use SQL in a
relational way, see this book on the topic: SQL and Relational Theory: How to Write Accurate SQL Code, Second
Edition by C. J. Date (O’Reilly Media, 2011).

SQL

SQL is both an ANSI and ISO standard language based on the relational model, designed for querying
and managing data in an RDBMS.

In the early 1970s, IBM developed a language called SEQUEL (short for Structured English QUEry
Language) for their RDBMS product called System R. The name of the language was later changed
from SEQUEL to SQL because of a trademark dispute. SQL first became an ANSI standard in 1986,
and then an ISO standard in 1987. Since 1986, the American National Standards Institute (ANSI) and
the International Organization for Standardization (ISO) have been releasing revisions for the SQL
standard every few years. So far, the following standards have been released: SQL-86 (1986), SQL-89
(1989), SQL-92 (1992), SQL:1999 (1999), SQL:2003 (2003), SQL:2006 (2006), SQL:2008 (2008), and
SQL:2011 (2011).

Interestingly, SQL resembles English and is also very logical. Unlike many programming languages,
which use an imperative programming paradigm, SQL uses a declarative one. That is, SQL requires
you to specify what you want to get and not how to get it, letting the RDBMS figure out the physical
mechanics required to process your request.

SQL has several categories of statements, including Data Definition Language (DDL), Data Manip-
ulation Language (DML), and Data Control Language (DCL). DDL deals with object definitions and
includes statements such as CREATE, ALTER, and DROP. DML allows you to query and modify data
and includes statements such as SELECT, INSERT, UPDATE, DELETE, TRUNCATE, and MERGE. It's a
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common misunderstanding that DML includes only data modification statements, but as | mentioned,
it also includes SELECT. Another common misunderstanding is that TRUNCATE is a DDL statement,
but in fact it is a DML statement. DCL deals with permissions and includes statements such as GRANT
and REVOKE. This book focuses on DML.

T-SQL is based on standard SQL, but it also provides some nonstandard/proprietary extensions.
When describing a language element for the first time, I'll typically mention whether it is standard.

Set Theory

Set theory, which originated with the mathematician Georg Cantor, is one of the mathematical
branches on which the relational model is based. Cantor’s definition of a set follows:

By a “set” we mean any collection M into a whole of definite, distinct objects m
(which are called the "elements” of M) of our perception or of our thought.
—Joseph W. Dauben and Georg Cantor (Princeton University Press, 1990)

Every word in the definition has a deep and crucial meaning. The definitions of a set and set mem-
bership are axioms that are not supported by proofs. Each element belongs to a universe, and either
is or is not a member of the set.

Let's start with the word whole in Cantor's definition. A set should be considered a single entity.
Your focus should be on the collection of objects as opposed to the individual objects that make up
the collection. Later on, when you write T-SQL queries against tables in a database (such as a table of
employees), you should think of the set of employees as a whole rather than the individual employ-
ees. This might sound trivial and simple enough, but apparently many programmers have difficulty
adopting this way of thinking.

The word distinct means that every element of a set must be unique. Jumping ahead to tables in
a database, you can enforce the uniqueness of rows in a table by defining key constraints. Without a
key, you won't be able to uniquely identify rows, and therefore the table won't qualify as a set. Rather,
the table would be a multiset or a bag.

The phrase of our perception or of our thought implies that the definition of a set is subjective.
Consider a classroom: One person might perceive a set of people, whereas another might perceive a
set of students and a set of teachers. Therefore, you have a substantial amount of freedom in defining
sets. When you design a data model for your database, the design process should carefully consider
the subjective needs of the application to determine adequate definitions for the entities involved.

As for the word object, the definition of a set is not restricted to physical objects such as cars or
employees but rather is relevant to abstract objects as well, such as prime numbers or lines.

What Cantor’s definition of a set leaves out is probably as important as what it includes. Notice
that the definition doesn't mention any order among the set elements. The order in which set ele-
ments are listed is not important. The formal notation for listing set elements uses curly brackets: {a,
b, c}. Because order has no relevance, you can express the same set as {b, a, ¢} or {b, ¢, a}. Jumping
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ahead to the set of attributes (called columns in SQL) that make up the header of a relation (called a
table in SQL), an element is supposed to be identified by name—not by ordinal position.

Similarly, consider the set of tuples (called rows by SQL) that make up the body of the relation; an
element is identified by its key values—not by position. Many programmers have a hard time adapting
to the idea that, with respect to querying tables, there is no order among the rows. In other words, a
query against a table can return table rows in any order unless you explicitly request that the data be
sorted in a specific way, perhaps for presentation purposes.

Predicate Logic

Predicate logic, whose roots reach back to ancient Greece, is another branch of mathematics on which
the relational model is based. Dr. Edgar F. Codd, in creating the relational model, had the insight to
connect predicate logic to both management and querying of data. Loosely speaking, a predicate is

a property or an expression that either holds or doesn’t hold—in other words, is either true or false.
The relational model relies on predicates to maintain the logical integrity of the data and define its
structure. One example of a predicate used to enforce integrity is a constraint defined in a table called
Employees that allows only employees with a salary greater than zero to be stored in the table. The
predicate is “salary greater than zero” (T-SQL expression: salary > 0).

You can also use predicates when filtering data to define subsets, and more. For example, if
you need to query the Employees table and return only rows for employees from the sales depart-
ment, you would use the predicate "department equals sales” in your query filter (T-SQL expression:
department = ‘sales’).

In set theory, you can use predicates to define sets. This is helpful because you can't always define
a set by listing all its elements (for example, infinite sets), and sometimes for brevity it's more conve-
nient to define a set based on a property. As an example of an infinite set defined with a predicate,
the set of all prime numbers can be defined with the following predicate: “x is a positive integer
greater than 1 that is divisible only by 1 and itself.” For any specified value, the predicate is either true
or not true. The set of all prime numbers is the set of all elements for which the predicate is true. As
an example of a finite set defined with a predicate, the set {0, 1, 2, 3, 4, 5, 6, 7, 8, 9} can be defined as
the set of all elements for which the following predicate holds true: “x is an integer greater than or
equal to 0 and smaller than or equal to 9."

The Relational Model

The relational model is a semantic model for data management and manipulation and is based on
set theory and predicate logic. As mentioned earlier, it was created by Dr. Edgar F. Codd, and later
explained and developed by Chris Date, Hugh Darwen, and others. The first version of the relational
model was proposed by Codd in 1969 in an IBM research report called "Derivability, Redundancy,
and Consistency of Relations Stored in Large Data Banks.” A revised version was proposed by Codd
in 1970 in a paper called “A Relational Model of Data for Large Shared Data Banks,” published in the
journal Communications of the ACM.

Microsoft SQL Server 2012 T-SQL Fundamentals



The goal of the relational model is to enable consistent representation of data with minimal or no
redundancy and without sacrificing completeness, and to define data integrity (enforcement of data
consistency) as part of the model. An RDBMS is supposed to implement the relational model and pro-
vide the means to store, manage, enforce the integrity of, and query data. The fact that the relational
model is based on a strong mathematical foundation means that given a certain data model instance
(from which a physical database will later be generated), you can tell with certainty when a design is
flawed, rather than relying solely on intuition.

The relational model involves concepts such as propositions, predicates, relations, tuples, attri-
butes, and more. For non-mathematicians, these concepts can be quite intimidating. The sections
that follow cover some of the key aspects of the model in an informal, nonmathematical manner and
explain how they relate to databases.

Propositions, Predicates, and Relations

The common belief that the term relational stems from relationships between tables is incorrect. “Re-
lational” actually pertains to the mathematical term relation. In set theory, a relation is a representation
of a set. In the relational model, a relation is a set of related information, with the counterpart in SQL
being a table—albeit not an exact counterpart. A key point in the relational model is that a single rela-
tion should represent a single set (for example, Customers). It is interesting to note that operations on
relations (based on relational algebra) result in a relation (for example, a join between two relations).

Note The relational model distinguishes between a relation and a relation variable, but

to keep things simple, | won't get into this distinction; instead, I'll use the term relation for
both cases. Also, a relation is made of a header and a body. The header consists of a set of
attributes (called columns in SQL), where each element is identified by an attribute name
and a type name. The body consists of a set of tuples (called rows in SQL), where each ele-
ment is identified by a key. To keep things simple, I'll refer to a table as a set of rows.

When you design a data model for a database, you represent all data with relations (tables). You
start by identifying propositions that you will need to represent in your database. A proposition is an
assertion or a statement that must be true or false. For example, the statement, "Employee Itzik Ben-
Gan was born on February 12, 1971, and works in the IT department” is a proposition. If this proposi-
tion is true, it will manifest itself as a row in a table of Employees. A false proposition simply won't
manifest itself. This presumption is known as the close world assumption (CWA).

The next step is to formalize the propositions. You do this by taking out the actual data (the body
of the relation) and defining the structure (the heading of the relation)—for example, by creating
predicates out of propositions. You can think of predicates as parameterized propositions. The head-
ing of a relation comprises a set of attributes. Note the use of the term “set”; in the relational model,
attributes are unordered and distinct. An attribute is identified by an attribute name and a type name.
For example, the heading of an Employees relation might consist of the following attributes (ex-
pressed as pairs of attribute names and type names): employeeid integer, firstname character string,
lastname character string, birthdate date, departmentid integer.
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A type is one of the most fundamental building blocks for relations. A type constrains an attribute
to a certain set of possible or valid values. For example, the type INT is the set of all integers in the
range —2,147,483,648 to 2,147,483,647. A type is one of the simplest forms of a predicate in a data-
base because it restricts the attribute values that are allowed. For example, the database would not
accept a proposition where an employee birth date is February 31, 1971 (not to mention a birth date
stated as something like “abc!”). Note that types are not restricted to base types such as integers or
character strings; a type could also be an enumeration of possible values, such as an enumeration of
possible job positions. A type can be complex. Probably the best way to think of a type is as a class—
encapsulated data and the behavior supporting it. An example of a complex type would be a geom-
etry type that supports polygons.

Missing Values

One aspect of the relational model is the source of many passionate debates—whether predicates
should be restricted to two-valued logic. That is, in two-valued predicate logic, a predicate is either
true or false. If a predicate is not true, it must be false. Use of two-valued predicate logic follows a
mathematical law called the law of excluded middle. However, some say that there's room for three-
valued (or even four-valued) predicate logic, taking into account cases where values are missing. A
predicate involving a missing value yields neither true nor false—it yields unknown. Take, for example,
a mobile phone attribute of an Employees relation. Suppose that a certain employee’s mobile phone
number is missing. How do you represent this fact in the database? In a three-valued logic implemen-
tation, the mobile phone attribute should allow a special mark for a missing value. Then a predicate
comparing the mobile phone attribute with some specific number will yield unknown for the case
with the missing value. Three-valued predicate logic refers to the three possible logical values that
can result from a predicate—true, false, and unknown.

Some people believe that three-valued predicate logic is non-relational, whereas others believe
that it is relational. Codd actually advocated four-valued predicate logic, saying that there were
two different cases of missing values: missing but applicable (A-Mark), and missing but inapplicable
(I-Mark). An example of “missing but applicable” is when an employee has a mobile phone, but you
don’t know what the mobile phone number is. An example of missing but inapplicable is when an
employee doesn’t have a mobile phone at all. According to Codd, two special markers should be used
to support these two cases of missing values. SQL implements three-valued predicate logic by sup-
porting the NULL mark to signify the generic concept of a missing value. Support for NULL marks and
three-valued predicate logic in SQL is the source of a great deal of confusion and complexity, though
one can argue that missing values are part of reality. In addition, the alternative—using only two-
valued predicate logic—is no less problematic.

Constraints

One of the greatest benefits of the relational model is the ability to define data integrity as part of the
model. Data integrity is achieved through rules called constraints that are defined in the data model
and enforced by the RDBMS. The simplest methods of enforcing integrity are assigning an attribute
type with its attendant “nullability” (whether it supports or doesn't support NULL marks). Constraints
are also enforced through the model itself; for example, the relation Orders(orderid, orderdate,
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duedate, shipdate) allows three distinct dates per order, whereas the relations Employees(empid) and
EmployeeChildren(empid, childname) allow zero to countable infinity children per employee.

Other examples of constraints include candidate keys, which provide entity integrity, and foreign
keys, which provide referential integrity. A candidate key is a key defined on one or more attributes
that prevents more than one occurrence of the same tuple (row in SQL) in a relation. A predicate
based on a candidate key can uniquely identify a row (such as an employee). You can define multiple
candidate keys in a relation. For example, in an Employees relation, you can define candidate keys on
employeeid, on SSN (Social Security number), and others. Typically, you arbitrarily choose one of the
candidate keys as the primary key (for example, employeeid in the Employees relation), and use that as
the preferred way to identify a row. All other candidate keys are known as alternate keys.

Foreign keys are used to enforce referential integrity. A foreign key is defined on one or more at-
tributes of a relation (known as the referencing relation) and references a candidate key in another (or
possibly the same) relation. This constraint restricts the values in the referencing relation’s foreign key
attributes to the values that appear in the referenced relation’s candidate key attributes. For example,
suppose that the Employees relation has a foreign key defined on the attribute departmentid, which
references the primary key attribute departmentid in the Departments relation. This means that the val-
ues in Employees.departmentid are restricted to the values that appear in Departments.departmentid.

Normalization

The relational model also defines normalization rules (also known as normal forms). Normalization is

a formal mathematical process to guarantee that each entity will be represented by a single relation.
In a normalized database, you avoid anomalies during data modification and keep redundancy to a
minimum without sacrificing completeness. If you follow Entity Relationship Modeling (ERM), and rep-
resent each entity and its attributes, you probably won't need normalization; instead, you will apply
normalization only to reinforce and ensure that the model is correct. The following sections briefly
cover the first three normal forms (INF, 2NF, and 3NF) introduced by Codd.

INF The first normal form says that the tuples (rows) in the relation (table) must be unique, and
attributes should be atomic. This is a redundant definition of a relation; in other words, if a table truly
represents a relation, it is already in first normal form.

You achieve unique rows by defining a unique key for the table.

You can only operate on attributes with operations that are defined as part of the attribute’s type.
Atomicity of attributes is subjective in the same way that the definition of a set is subjective. As an ex-
ample, should an employee name in an Employees relation be expressed with one attribute (fullname),
two (firstname and lastname), or three (firstname, middlename, and lastname)? The answer depends
on the application. If the application needs to manipulate the parts of the employee’s name separately
(such as for search purposes), it makes sense to break them apart; otherwise, it doesn't.

In the same way that an attribute might not be atomic enough based on the needs of the ap-
plication, an attribute might also be subatomic. For example, if an address attribute is considered
atomic for a particular application, not including the city as part of the address would violate the
first normal form.
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This normal form is often misunderstood. Some people think that an attempt to mimic ar-
rays violates the first normal form. An example would be defining a YearlySales relation with the
following attributes: salesperson, qty2010, qty2011, and gty2012. However, in this example, you
don't really violate the first normal form; you simply impose a constraint—restricting the data to
three specific years: 2010, 2011, and 2012.

2NF The second normal form involves two rules. One rule is that the data must meet the first nor-
mal form. The other rule addresses the relationship between non-key and candidate key attributes.
For every candidate key, every non-key attribute has to be fully functionally dependent on the entire
candidate key. In other words, a non-key attribute cannot be fully functionally dependent on part

of a candidate key. To put it more informally, if you need to obtain any non-key attribute value, you
need to provide the values of all attributes of a candidate key from the same tuple. You can find any
value of any attribute of any tuple if you know all the attribute values of a candidate key.

As an example of violating the second normal form, suppose that you define a relation called
Orders that represents information about orders and order lines (see Figure 1-1). The Orders relation
contains the following attributes: orderid, productid, orderdate, qty, customerid, and companyname.
The primary key is defined on orderid and productid.

Orders
PK | orderid
PK | productid

orderdate

qty
customerid
companyname

FIGURE 1-1 Data model before applying 2NF.

The second normal form is violated in Figure 1-1 because there are non-key attributes that de-
pend on only part of a candidate key (the primary key, in this example). For example, you can find
the orderdate of an order, as well as customerid and companyname, based on the orderid alone. To
conform to the second normal form, you would need to split your original relation into two relations:
Orders and OrderDetails (as shown in Figure 1-2). The Orders relation would include the attributes
orderid, orderdate, customerid, and companyname, with the primary key defined on orderid. The
OrderDetails relation would include the attributes orderid, productid, and gty, with the primary key
defined on orderid and productid.

Orders OrderDetails
PK | orderid PK,FK1 | orderid
PK productid
orderdate
customerid qty
companyname

FIGURE 1-2 Data model after applying 2NF and before 3NF.

3NF The third normal form also has two rules. The data must meet the second normal form. Also, all
non-key attributes must be dependent on candidate keys non-transitively. Informally this rule means
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that all non-key attributes must be mutually independent. In other words, one non-key attribute can-
not be dependent on another non-key attribute.

The Orders and OrderDetails relations described previously now conform to the second normal
form. Remember that the Orders relation at this point contains the attributes orderid, orderdate,
customerid, and companyname, with the primary key defined on orderid. Both customerid and
companyname depend on the whole primary key—orderid. For example, you need the entire pri-
mary key to find the customerid representing the customer who placed the order. Similarly, you need
the whole primary key to find the company name of the customer who placed the order. However,
customerid and companyname are also dependent on each other. To meet the third normal form, you
need to add a Customers relation (shown in Figure 1-3) with the attributes customerid (as the primary
key) and companyname. Then you can remove the companyname attribute from the Orders relation.

Customers Orders OrderDetails
PK | customerid PK | orderid PK,FK1 | orderid
PK productid
companyname FK1 orderdate
customerid qty

FIGURE 1-3 Data model after applying 3NF.

Informally, 2NF and 3NF are commonly summarized with the sentence, "Every non-key attribute is
dependent on the key, the whole key, and nothing but the key—so help me Codd.”

There are higher normal forms beyond Codd's original first three normal forms that involve com-
pound primary keys and temporal databases, but they are outside the scope of this book.

The Data Life Cycle

Data is usually perceived as something static that is entered into a database and later queried. But
in many environments, data is actually more similar to a product in an assembly line, moving from
one environment to another and undergoing transformations along the way. This section describes
the different environments in which data can reside and the characteristics of both the data and the
environment at each stage of the data life cycle. Figure 1-4 illustrates the data life cycle.

oLTP DSA DW BISM DM
C Y (T 3
oo
oo

Integration Services

ETL / \ &
v&//

SQL Server Analysis Services, PowerPivot
T-SQL MDX DAX DMX

FIGURE 1-4 The data life cycle.
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Here's a quick description of what each acronym represents:
m  OLTP: online transactional processing

= DSA: data staging area

= DW: data warehouse

m  BISM: Business Intelligence Semantic Model

= DM: data mining

m  ETL: extract, transform, and load

m  MDX: Multidimensional Expressions

m  DAX: Data Analysis Expressions

= DMX: Data Mining Extensions

Online Transactional Processing

Data is entered initially into an online transactional processing (OLTP) system. The focus of an OLTP
system is data entry and not reporting—transactions mainly insert, update, and delete data. The re-
lational model is targeted primarily at OLTP systems, where a normalized model provides both good
performance for data entry and data consistency. In a normalized environment, each table represents
a single entity and keeps redundancy to a minimum. When you need to modify a fact, you need to
modify it in only one place. This results in optimized performance for data modifications and little
chance for error.

However, an OLTP environment is not suitable for reporting purposes because a normalized model
usually involves many tables (one for each entity) with complex relationships. Even simple reports
require joining many tables, resulting in complex and poorly performing queries.

You can implement an OLTP database in SQL Server and both manage it and query it with T-SQL.

Data Warehouses

A data warehouse (DW) is an environment designed for data retrieval and reporting purposes. When
it serves an entire organization, such an environment is called a data warehouse; when it serves only
part of the organization (such as a specific department) or a subject matter area in the organization,
it is called a data mart. The data model of a data warehouse is designed and optimized mainly to sup-
port data retrieval needs. The model has intentional redundancy, fewer tables, and simpler relation-
ships, ultimately resulting in simpler and more efficient queries as compared to an OLTP environment.

The simplest data warehouse design is called a star schema. The star schema includes several
dimension tables and a fact table. Each dimension table represents a subject by which you want to
analyze the data. For example, in a system that deals with orders and sales, you will probably want
to analyze data by customers, products, employees, time, and similar subjects. In a star schema, each
dimension is implemented as a single table with redundant data. For example, a product dimension
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could be implemented as a single ProductDim table instead of three normalized tables: Products,
ProductSubCategories, and ProductCategories. If you normalize a dimension table, which results
in multiple tables representing that dimension, you get what's known as a snowflake dimension. A
schema that contains snowflake dimensions is known as a snowflake schema (as opposed to a star
schema).

The fact table holds the facts and measures such as quantity and value for each relevant combina-
tion of dimension keys. For example, for each relevant combination of customer, product, employee,
and day, the fact table would have a row containing the quantity and value. Note that data in a data
warehouse is typically preaggregated to a certain level of granularity (such as a day), unlike data in an
OLTP environment, which is usually recorded at the transaction level.

Historically, early versions of SQL Server mainly targeted OLTP environments, but eventually SQL
Server also started targeting data warehouse systems and data analysis needs. You can implement a
data warehouse as a SQL Server database and manage and query it with T-SQL.

The process that pulls data from source systems (OLTP and others), manipulates it, and loads it into
the data warehouse is called extract, transform, and load, or ETL. SQL Server provides a tool called
Microsoft SQL Server Integration Services (SSIS) to handle ETL needs.

Often the ETL process will involve the use of a data staging area (DSA) between the OLTP and the
DW. The DSA usually resides in a relational database such as a SQL Server database and is used as the
data cleansing area. The DSA is not open to end users.

The Business Intelligence Semantic Model

The Business Intelligence Semantic Model (BISM) is Microsoft's latest model for supporting the entire
Bl stack of applications. The idea is to provide rich, flexible, efficient, and scalable analytical and re-
porting capabilities. Its architecture includes three layers: the data model, business logic and queries,
and data access.

The deployment of the model can be in an Analysis Services server or PowerPivot. Analysis Services
is targeted at Bl professionals and IT, whereas PowerPivot is targeted at business users. With Analysis
Services, you can use either a multidimensional data model or a tabular (relational) one. With Power-
Pivot, you use a tabular data model.

The business logic and queries use two languages: Multidimensional Expressions (MDX), based on
multidimensional concepts, and Data Analysis Expressions (DAX), based on tabular concepts.

The data access layer can get its data from different sources: relational databases such as the DW,
files, cloud services, line of business (LOB) applications, OData feeds, and others. The data access layer
can either cache the data locally or just serve as a passthrough layer directly from the data sources.
The cached mode can use one of two storage engines. One is a preaggregated form known as MOLAP
that was originally designed to support the multidimensional model. Another is a newer engine called
VertiPag, which implements a columnstore concept, with very high levels of compression and a very
fast processing engine, removing the need for preaggregations, indexing, and so on.
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See Also This section about BISM has a lot of concepts to digest—perhaps too many for a fundamentals
book about T-SQL. If you are curious about BISM and would like a more detailed overview, you can find it
in the following blog entry from the Analysis Services team: http://blogs.msdn.com/b/analysisservices
/archive/2011/05/16/analysis-services-vision-amp-roadmap-update.aspx.

Data Mining

BISM provides the user with answers to all possible questions, but the user’s task is to ask the right
questions—to sift anomalies, trends, and other useful information from the sea of data. In the dy-
namic analysis process, the user navigates from one view of aggregates to another—again, slicing
and dicing the data—to find useful information.

Data mining (DM) is the next step; instead of letting the user look for useful information in the
sea of data, data mining models can do this for the user. That is, data mining algorithms comb the
data and sift the useful information from it. Data mining has enormous business value for organiza-
tions, helping to identify trends, figure out which products are purchased together, predict customer
choices based on specific parameters, and more.

Analysis Services supports data mining algorithms—including clustering, decision trees, and others—
to address such needs. The language used to manage and query data mining models is Data Mining
Extensions (DMX).

SQL Server Architecture

12

This section will introduce you to the SQL Server architecture, the flavors of the product, the entities
involved—SQL Server instances, databases, schemas, and database objects—and the purpose of each
entity.

The ABC Flavors of SQL Server

For many years, SQL Server was available only in one flavor—a box, or on-premises, flavor. More re-
cently, Microsoft decided to offer multiple flavors to allow customers to choose the one that best suits
their needs. At the date of this writing, Microsoft provides three main flavors of SQL Server that are
internally referred to as the ABC flavors: A for Appliance, B for Box, and C for Cloud.

Appliance

The idea behind the appliance flavor is to provide a complete solution including hardware, software,
and services. The appliance is hosted locally at the customer site. There are several appliances avail-
able today, one of which is Parallel Data Warehouse (PDW). Microsoft partners with hardware vendors
such as Dell and HP to provide the appliance offering. Experts from Microsoft and the hardware
vendor handle the performance, security, and availability aspects for the customer.
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This book'’s focus is T-SQL, so you are probably wondering which language is used to interact with
the database engine. That depends on the appliance. For example, PDW doesn't use the same engine
as the on-premises engine; it uses a specialized one. The specialized PDW engine uses its own flavor
of SQL called distributed SQL, or DSQL. Microsoft’s long-term goal is to align the language support in
the different flavors of the product, but that has not yet been realized. This book focuses on T-SQL,
which is supported by some of the appliances and the on-premises and cloud flavors.

Box

The box flavor of SQL Server, formally referred to as on-premises SQL Server, is the traditional one,
usually installed on the customer’s premises. The customer is responsible for everything—getting

the hardware; installing the software; and handling updates, high availability and disaster recovery
(HADR), security, and everything else.

The customer can install multiple instances of the product in the same server (more on this in the
next section) and can write queries that interact with multiple databases. It is also possible to switch
the connection between databases, unless one of them is a contained database.

The querying language used is T-SQL. You can run all of the code samples and exercises in this
book on an on-premises SQL Server implementation, if you want. See the Appendix for details about
obtaining and installing an evaluation edition of SQL Server, as well as creating the sample database.

Cloud

Microsoft supports two cloud flavors of SQL Server: private and public. The use of the term cloud
for the private case could be a bit confusing, because it is hosted locally, but the private flavor uses
virtualization technology. The engine is a box engine (hence the same T-SQL is used to query it), but
it is limited by the virtualization technology’s limitations, such as the number of supported CPUs and
memory.

The public cloud flavor is called Windows Azure SQL Database (formerly called SQL Azure). It is
hosted in Microsoft's data centers. Hardware, maintenance, HADR, and updates are all responsibilities
of Microsoft. The customer is still responsible for index and query tuning, however.

Note Subsequent references to “Windows Azure SQL Database” will use the shorter form
“SQL Database.”

Using SQL Database, the customer can have multiple databases in the cloud server (a conceptual
server, of course) but can connect to only one database at a time. The customer cannot switch be-
tween databases and cannot write multi-database queries.

The SQL Database engine is a specialized engine, although Microsoft uses the same code base as
in the on-premises version. So the T-SQL features exposed in SQL Database are basically the same as
those exposed locally. Most of the T-SQL that you will learn in this book is applicable to both on-
premises and cloud flavors of SQL Server, but there are some exceptions, such as on-premises SQL
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Server T-SQL features that are not yet implemented or exposed in SQL Database. Books Online for SQL
Database details those features in the Transact-SQL Reference section at http.//msdn.microsoft.com
/en-us/library/windowsazure/ee336281.aspx. You should also note that the update and deployment
rate of new versions of SQL Database is faster than that of an on-premises SQL Server. Therefore, it's
possible that some T-SQL features may be exposed in SQL Database before they show up in an on-
premises SQL Server version.

As mentioned, most of the T-SQL discussed in this book is either already available—or will be
available—in SQL Database. The section in the Appendix that covers the installation of the sample
database for this book also describes how to install the sample database in SQL Database, in case
you already have access to it.

SQL Server Instances

A SQL Server instance, as illustrated in Figure 1-5, is an installation of a SQL Server database engine or
service. You can install multiple instances of an on-premises SQL Server on the same computer. Each
instance is completely independent of the others in terms of security, the data that it manages, and in
all other respects. At the logical level, two different instances residing on the same computer have no
more in common than two instances residing on two separate computers. Of course, same-computer
instances do share the server’s physical resources, such as CPU, memory, and disk.

Serverl (default)

Serverl
Serverl\Instl

il | y
[ —] ~——7 —— Serverl\Inst2

\Serverl\lnst3

Serverl\Inst4

/

FIGURE 1-5 Multiple instances of SQL Server on the same computer.

You can set up one of the multiple instances on a computer as the default instance, whereas all oth-
ers must be named instances. You determine whether an instance is the default or a named one upon
installation; you cannot change that decision later. To connect to a default instance, a client application
needs to specify the computer’s name or IP address. To connect to a named instance, the client needs
to specify the computer’'s name or IP address, followed by a backslash (\), followed by the instance
name (as provided upon installation). For example, suppose you have two instances of SQL Server
installed on a computer called Serverl. One of these instances was installed as the default instance, and
the other was installed as a named instance called /nst1. To connect to the default instance, you need
to specify only Serverl as the server name. However, to connect to the named instance, you need to
specify both the server and the instance name: ServerI\Inst1.
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There are various reasons why you might want to install multiple instances of SQL Server on the
same computer, but I'll mention only a couple here. One reason is to save on support costs. For ex-
ample, to be able to test the functionality of features in response to support calls or reproduce errors
that users encounter in the production environment, the support department needs local installations
of SQL Server that mimic the user’s production environment in terms of version, edition, and service
pack of SQL Server. If an organization has multiple user environments, the support department needs
multiple installations of SQL Server. Rather than having multiple computers, each hosting a differ-
ent installation of SQL Server that must be supported separately, the support department can have
one computer with multiple installed instances. Of course, you can achieve a similar result by using
multiple virtual machines.

As another example, consider people like me who teach and lecture about SQL Server. For us, it is
very convenient to be able to install multiple instances of SQL Server on the same laptop. This way, we
can perform demonstrations against different versions of the product, showing differences in behav-
ior between versions, and so on.

As a final example, providers of database services sometimes need to guarantee their customers
complete security separation of their data from other customers’ data. At least in the past, the data-
base provider could have a very powerful data center hosting multiple instances of SQL Server, rather
than needing to maintain multiple less-powerful computers, each hosting a different instance. More
recently, cloud solutions and advanced virtualization technologies make it possible to achieve similar
goals.

Databases

You can think of a database as a container of objects such as tables, views, stored procedures, and
other objects. Each instance of SQL Server can contain multiple databases, as illustrated in Figure 1-6.
When you install an on-premises flavor of SQL Server, the setup program creates several system data-
bases that hold system data and serve internal purposes. After installation, you can create your own
user databases that will hold application data.

Instance
CDBL
II’
Crsd
User Databases System Databases

FIGURE 1-6 An example of multiple databases on a SQL Server instance.

Background to T-SQL Querying and Programming 15



16

The system databases that the setup program creates include master, Resource, model, tempdb, and
msdb. A description of each follows.

m  master The master database holds instance-wide metadata information, server configura-
tion, information about all databases in the instance, and initialization information.

m  Resource The Resource database is a hidden, read-only database that holds the definitions
of all system objects. When you query system objects in a database, they appear to reside in
the sys schema of the local database, but in actuality their definitions reside in the Resource
database.

m  model The model database is used as a template for new databases. Every new database
that you create is initially created as a copy of model. So if you want certain objects (such as
data types) to appear in all new databases that you create, or certain database properties to
be configured in a certain way in all new databases, you need to create those objects and
configure those properties in the model database. Note that changes you apply to the model
database will not affect existing databases—only new databases that you create in the future.

m  tempdb The tempdb database is where SQL Server stores temporary data such as work
tables, sort space, row versioning information, and so on. SQL Server allows you to create tem-
porary tables for your own use, and the physical location of those temporary tables is tempdb.
Note that this database is destroyed and recreated as a copy of the model database every time
you restart the instance of SQL Server.

m  msdb The msdb database is where a service called SQL Server Agent stores its data. SQL
Server Agent is in charge of automation, which includes entities such as jobs, schedules, and
alerts. The SQL Server Agent is also the service in charge of replication. The msdb database
also holds information related to other SQL Server features such as Database Mail, Service
Broker, backups, and more.

In an on-premises installation of SQL Server, you can connect directly to the system databases
master, model, tempdb, and msdb. In SQL Database, you can connect directly only to the system da-
tabase master. If you create temporary tables or declare table variables (more on this topic in Chapter
10, "Programmable Objects”), they are created in tempdb, but you cannot connect directly to tempdb
and explicitly create user objects there.

You can create multiple user databases within an instance (up to 32767). A user database holds
objects and data for an application.

You can define a property called collation at the database level that will determine language
support, case sensitivity, and sort order for character data in that database. If you do not specify a
collation for the database when you create it, the new database will use the default collation of the
instance (chosen upon installation).

To run T-SQL code against a database, a client application needs to connect to a SQL Server in-
stance and be in the context of, or use, the relevant database.
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In terms of security, to be able to connect to a SQL Server instance, the database administrator
(DBA) must create a logon for you. In an on-premises SQL Server instance, the logon can be tied to
your Windows credentials, in which case it is called a Windows authenticated logon. With a Windows
authenticated logon, you won't need to provide logon and password information when connecting
to SQL Server because you already provided those when you logged on to Windows. With both on-
premises SQL Server and SQL Database, the logon can be independent of your Windows credentials,
in which case it is called a SQL Server authenticated logon. When connecting to SQL Server using a
SQL Server authenticated logon, you will need to provide both a logon name and a password.

The DBA needs to map your logon to a database user in each database that you are supposed to
have access to. The database user is the entity that is granted permissions to objects in the database.

SQL Server 2012 supports a feature called contained databases that breaks the connection
between a database user and a server-level logon. The user is fully contained within the specific
database and is not tied to a logon at the server level. When creating the user, the DBA also provides
a password. When connecting to SQL Server, the user needs to specify the database he or she is con-
necting to, as well as the user name and password, and the user cannot subsequently switch to other
user databases.

So far, I've mainly mentioned the logical aspects of databases. If you're using SQL Database, your
only concern is that logical layer. You do not deal with the physical layout of the database data and
log files, tempdb, and so on. But if you're using on-premises SQL Server, you are responsible for the
physical layer as well. Figure 1-7 shows a diagram of the physical database layout.
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FIGURE 1-7 Database layout.

The database is made up of data files and transaction log files. When you create a database, you
can define various properties for each file, including the file name, location, initial size, maximum size,
and an autogrowth increment. Each database must have at least one data file and at least one log file
(the default in SQL Server). The data files hold object data, and the log files hold information that SQL
Server needs to maintain transactions.
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