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Foreword

Databases are very important to the modern world . Without them we wouldn't have computers with
powerful memories, electronic banking, or even the internet! Many technology experts know that it is
software behind the scenes, running everything, but beginners may just assume the process involves
magic . But I would like people to know that what is really behind the scenes could be SQLServer.

The idea of a database program can be confusing and daunting to many beginners. While they may be
interested in what make modern technology "tick," finding out that they have to learn a complex
computer program may scare them away from the topic forever. But I am here to say that SQLServer
doesn't need to be scary. Just like any subject, the key to learning this complex process is to start at the
beginning.

Students and teachers know that learning the basics is key when learning to read, add , and do regular
school work. But then a few years later, students try to jump right in the middle of more advanced
concepts, which only confuses them more. When learning a subject like SQLServer, it is extremely
important to start with the most basic textbook you can find, and then work your way up . And I believe
that I can recommend the best SQLServer basics book .

It is Beginning T-SQL, by Scott Shaw and Kathi Kellenberger. I have reviewed this book elsewhere and
readers may know that I have nothing but good things to say about it. It breaks down concepts into easy­
to-read chapters, with ideas that flow naturally. And every chapter comes with examples and practice
problems so that you can get hands-on learning from a textbook. I am very happy to announce that this
is an even newer version of one of my favorite books .

Anyone who has read this book before may also notice that it has been updated to include features from
Denali T-SQL. These updates are not isolated to a single chapter, but are sprinkled throughout the book
wherever it might be important to know what's going on in Denali . This means readers will be picking up
extra knowledge without having to read extra pages, or even an extra book .

There is also a brand new chapter (Chapter 8) that covers working with XML. If you are a beginner, don't
let the frightening acronyms scare you away. Youwill have more than enough knowledge under your
belt by the time you get to Chapter 8 to master the concept quickly and easily.

And for those of you who might be concerned that there is a whole extra chapter, and extra reading has
been added to a book, you are in luck. One chapter has actually been rearranged to appear throughout
the book, so that no information has been deleted, but the book has stayed the same length. We all know
that we shouldn't skip to the end when reading a textbook, but we all do it anyway. And now we won't be
scared by the number of pages remaining in the book, but it will fly by quickly.



• FOREWORD

There is a reason I think Scott Shaw and Kathi Kellenberger's book is the best introductory book on the
market. There are many textbooks that market themselves as "beginner" or "fundamentals" ofSQL
Server. But if you have picked up any of them, you know that the authors usually assume that you know
a little bit about SQLServer. True beginners often have a very hard time picking up one of these books
and then beginning their learning immediately, because there is so much background information that
the author assumes a beginner should know before attempting to learn.

But I think that is this is the worst thing that can happen to someone trying to learn. Imagine learning to
walk, but being knocked down every time you try. This is not going to make you try to skip walking, and
jump immediately to running. No - you may never learn to walk or run at all. Beginning T-SQL is one of
the few books that avoids this problem, I think.

In fact, as proof that Mr. Shaw and Ms. Kellenberger starts the book right where learning needs to start,
take a look at the title of chapter number one: Getting Started. It doesn't jump right into writing queries,
or using functions , no matter how simple, but walks you through the most basic of all fundamentals.
And, of course, if you are already a little bit of an expert - no problem! Just skip this one chapter, and
start your learning in Chapter 2.

Ms. Kellenbeger has told me herself that she intends this book to take a beginner to an intermediate
T-SQLdeveloper. Many books make wild claims that they can take a beginner and turn them into a
database expert by simply reading the book from cover to cover. But like all claims that seem too good to
be true, those books often fail to live up to their promises. Often, they really are to take intermediate
learners to experts, or are so determined to reach the expert level that they leave off some very important
basic concepts, which then just leaves a confused beginner. I appreciate that this book makes solid
claims that it can back up with real evidence and actual results.

Best of all, I think this is just an overall well-written book. It is written in easy-to-understand language
and presents examples and practice sets at every turn. There has obviously been a lot of care put into
making this book the best it can be . Not only is the writing clear, but the entire book is laid out in an
orderly fashion, so that you use concepts you have learned before while you master more complex
information. But I think the best thing I can say is that I like it because she is easy to read, makes
complex subjects easy, and is very thorough in writing and executing.

Now I consider myself a SQLServer expert, and my job as a technology evangelist means that I should
have a very firm grasp on the most complex subjects. But I certainly began my early career reading Kathi
Kellenberger's books and other writings. She was a huge influence on my career, and thus my life. I
cannot recommend this book, and all her writings, more highly than I do right now.

Pinal Dave
Founder, SQLAuthority.com
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Introduction

I never thought I'd be writing a technical book. I have a MAin English Literature so I always pictured
myself sitting in an oak paneled room surrounded by books and attentive students listening to me
pontificating on the latest criticism of 19th Century novels . It didn't take me long to realize though that
path wasn't for me and I really wasn't cut out for a life in academia. But now I was an ex-English major
working in a book store, starting a family and with little career prospects.

Working in a bookstore did offer some advantages. One advantage was the easy access to
technical books . I had endless access to books just like the one you are reading now. I thought to myself,
why not read these books, learn from them, and try working in IT?I didn't see a need to go back to
school in order to learn IT. I had the books, I had the computer at home to work on, and I had the goal of
acquiring an IT certification. I eventually passed the certification exam and soon after that I got my first
break into IT working for a small consulting company.

So, why does any of this matter? The point is that many, if not most, of the people working in IT
today didn't plan to be in IT. They come from a diverse background. The one thing that binds them
together is their desire to learn and study to become experts in their field. They all started down the path
by reading books just like the one you are holding. They made a decision to start an IT career. This is an
important book because it's the beginning. The book is the stepping stone to becoming a professional.
Although it isn 't the great American novel I had hoped to someday write, it was still a pleasure and honor
to have been asked by Kathi and Apress to revise it because, unlike a novel, this book has practical, real
world applications. I also take pride in the fact I have given back a little for the benefits similar books
have given me in the past.

Enjoy the book and never stop learning.

-Scott Shaw
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CHAPTER 1

Getting Started

Ifyou are reading this book, you probably know about T-SQL. T-SQL,also known as Transact-SQL, is
Microsoft 's implementation of the Structured Query Language (SQL) for SQLServer. T-SQLis the
language that is most often used to extract or modify data stored in a SQLServer database, regardless of
which application or tool you use . SQLServer 2012 T-SQLis based on standards created by the American
National Standards Institute (ANS!) , but Microsoft has added several functionality enhancements. You
will find that T-SQLis a very versatile and powerful programming language.

T-SQLconsists of Data Definition Language (DDL) and Data Manipulation Language (DML)
statements. This book focuses primarily on the DML statements, which you will use to retrieve and
manipulate data. The book also covers DDL statements, which you will use to create and manage
objects. You will learn about table creation, for example, in Chapter 9.

In this chapter, you will learn how to install a free edition of SQLServer and get it ready for running
the example code and performing the exercises in the rest ofthe book. This chapter also gives you a
quick tour of SQLServer Management Studio (SSMS) and introduces a few concepts to help you become
a proficient T-SQLprogrammer.

Installing SQl Server Express Edition
Microsoft makes SQLServer 2012 available in six different editions, including two that can be installed
on a desktop computer or laptop. If you don't have access to SQLServer, you can download and install
the SQLServer Express edition from Microsoft's web site at
www.microsoft.com/express/sqlldownload/default. aspx. To fully take advantage of all the concepts
covered in this book, download SQLServer 2012 Express with Tools. You may notice a new LocalDB
option for SQLServer Express; LocalDB is an extremely lightweight version of SQLServer that doesn't
include any configuration options or tools . Since you will need the tools for this book you don't want to
download the LocalDB version. Be sure to choose either the 64-bit or 32-bit download according to the
operating system that you are running. The Express edition will run on the following operating systems
available at the time ofthis writing: Windows Server 2008 SP2, Windows Server 2008 R2SPI, Windows 7
SPI , Windows Vista SP2. Note that SQLServer 2012 is not compatible with Windows XP.

• Note SP isshorthand for Service Pack, so SP2 refers toService Pack 2. Aservice pack is an update tothe
operating system ortoother software that fixes bugs and security issues.

1



CHAPTER 1 • GETIING STARTED

Here are the steps to follow to install SQLServer Express:

1. Once you have downloaded the SQLServer 2012 Express edition installation
file from Microsoft's site, double-click the file to extract and start up the SQL
Server Installation Center. Figure 1-1 shows the Planning pane of the SQL
Server Installation Center once the extraction has completed. You may need to
click on Planning in the left-hand side to see these options.

.. SQL Se-~ Installation C~trr

instil lation

M. interwncf

Tool>

Resou rces

Options

SQL Serverznz

::

: -

r.:

r:

H,udw4re lind Software R~uiremenlt

Virw the h.,dw"e and softw.ne reqeirements,

St<urltyOocumotnlltion

View the security documentation_

Onlme Release Notes

Viewthe " lest information .bout the reteese.

H_.o G<tSQl s....,0. .. Too"

SQL ServerData Tool$prOYidl!'S an inte9,atltdU'Mronment for database dnrtlcpen to c.tty
out,lI thtird,atlblst" designwor\:: forIrrjSQl Strverpl.tform.

Sy5tem(onflgur.llcn Checker

h unch a tool to check for condit ions.tNt prevent I successful SQl Servermstallation.

Inst.,11 Upgr.deAdvisor

Upgrod. AcIvi,or on. lyz.. onySQl s......, 2008Rl.SQl s......, 2008or SQl S<",., 2005
components t~l areinstIlled and idtf'ltifies issues to fa erthotr beforeorafteryou upgradeto
SQl Server2012.

Onlinelnst.aUal.on He-Ip

hunch the online inst.elr,tion documtnt.etion.

Howto Gd. St.rtedwrthSQl Setvn 2012htlOVtfCl\nttllng

Rud instruetionJon how to gft sUrtt'd withSQl Servtr2012bil ovtl (I~ttring .

How to GetSt,utt'd with. POWtfPivot rOf ShirePoint Stand.,lont SerwflmulJ.tion

Readinstructions on how to inst. 11PowerPivot fOf Sh.rtPoint in the f~tst possib4esteps on •
ntw ShartP~nt 2010Sf1'Vfl'.

Howto Get. st.r1t'd wrthReporting x-MCd '5h.Ir~olfttInt~lIhonon .. St.nd"loM x-rver

Read instructions on how to insu lt.nd conhgure Rq>crting SeMCt"$ ShartPomt integr. tion in
the fewest poniblt steps on .. ntw Sh. rtPoint2010S~.

Upgr.de Oocumcnutton

Viewtht documfflt .bout howto upgr.dt to SQl Sttv-tr 2012from SQLServtr2OOS. SQl
s....... 2008or SQl s......t 2008 Rl.

Install SQL Server '~hgr.ebon Anistlnt (SSMA)

Figure 1-1. SQLServer Installation Center'sPlanning pane

2. To make sure that your system meets all the requirements to install SQLServer
Express, click the System Configuration Checker link, which opens the Setup
Support Rules screen (see Figure 1-2) . Click "Show details" or "Viewdetailed
report" to see more information. Click OKto dismiss the screen when you are
done.
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i: SQl server 2012 se tu p -

Setup Support Rules

set up SUpport Rul.. identifyproblems that might occur .ilen youInstall SQl Server setup support files. Fallures must be corrected
before setup can continue.

setup Support Ru~ Rule ched< In progress ...

IHide details«I
RUe Status

setup adminstrator Passed

Resta< t COITOUter ~

Wndows Management Instn.mentabon (WMI) servICe ~

Conslstency vaida bon for SQI. server rfl)slry keys

long pa th names to files on SQl.server Instalabonmedla

SQl. server Setup Product 1ncon"Clatlblty

.NET 2.0 and .NET 3.SServicePad< 1update for Wnlows VISta and •. .

Previousreleases of SQl.server 2008Business Intelgenc e Develop •••

110 SXS Instal ..th SQl.Server '!>enP" CTPO

C~ter domain controller

Microsoft .NET Appkabon Sea6l ty

EOllon WOW601 platform

OK Cancel I
-------------------------------------------"~
Figure 1-2. The Setup Support Rules details page

3. Ifyour system doesn't meet the requirements, click the Hardware and
Software Requirements link on the Planning pane of the SQLServer
Installation Center, which will take you to a web page on Microsoft 's site. Be
sure to scroll down the web page to find the information for the Express
edition. The hardware requirements are not difficult to meet with today's PCs.

4. Once you are certain that your computer meets all the requirements, switch to
the Installation pane, shown in Figure 1-3, and click "New SQLServer stand­
alone installation or add features to an existing installation." The Setup
Support Rules screen you saw in step 2 will display again, but the behavior will
be different this time . Click OKto dismiss the Setup Support Rules screen, and
an installation wizard will begin .
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~ SQl server Installation Center -

Installa tion

M...,tenance

Tools

Options

M<toIdt"

SQL Serverzoiz

Figure 1-3. The Installation pane

NewSQL SmIer stand-aloneinstllabon or add ~all6es to an
exisMgnstllabon

l&JllCh a v.;zard to instan SQL Server 2012n a non-dJstered
enWOMlerlt or to add ~.lI6es to an exisMgSQL Server 2012
instance.

Upgade from SQL Server2DOS, SQL SmIer 2008Of SQL SmIer
2OO8R2

l&JllCh • WIzard to upgradeSQL SmIer 2005. SQL Server 2008
or SQL Server 2008R2to SQL Server 2012.

S. You mayor may not see a Setup Support Files screen at this point. If you do see
it, click Install.

6. Select Express from the drop-down and click Next on the Product Key screen
when installing SQLServer Express edition. No need to have a key since this is
a free edition! Accept the license terms and click Next.

7. Some more checking of your system will take place . You may get a warning
about your firewall (Figure 1-4), especially if you are installing on a
workstation. The warning will say to open ports required for other systems to
access your SQLServer. You can ignore that warning unless you do really want
to open up your system. Click Next to continue.
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'::lSQL~er 2012 Setup 1u::::.,HEJ-.a.I

Setup Support Rules

Setup Support Rulesidentify problemsthaI might occur when you install SQLServer Setup support files, Failures must be corrected
before Setup can continue.

Setu p Support Rules Operation completed. Passed; 7. Failed O. Warning 1. Sl<ipped O.

FeatureSelection

Instanation Rul..

Instance Configuration I Hide dttails < < I I R~run I
OiskSpac. Requirements View- drtai1rd report

Server Configuration

DatabaseEngineConfiguration Rule Status

ErrorReporting " Fusion Active Template Library (ATL) fnwl
Installation Configuralion Rules ~ Previous releasesof SQl Server2008 Business Intetrigencf: DiNeL Passed

Installation Progress " No SXS inst.n with SQL Server "Oen, li"CTPO fnwl
Complete Consistencyvalidation for SQL Servet registry keys f!ill!l

Computer domain controller f!ill!l
Microsoft .NET Application Security fnwl
Edition WOW64 platform fnwl

Ic.h Windom Firewall Wl!ning

I

I < Back I Next> II Cancel II Help I

Figure 1-4. Moresystem checks

8. Ifyou have a previously installed instance ofSQL Server on your com puter, the
installat ion will prompt you to either up date an existing instance or install a
new instance on the Installation Type screen. Select to install a new instance
and click Next. Ifyou don't have a previous install, select the option "SQL
Server Feature Installation " and click Next.

9. On the Feature Selectio n scree n (Figure 1-5), make sure that "Database Engine
Services," "Full-Text and Semantic Extractions for Search, " and "Management
Tools - Basic" are selecte d before clicking Next. If a previous SQLServer 2012
R2 installation is in place, the Manageme nt Tools check box might be grayed
out since you need to install it only once per computer.
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tfSQl server 2012 setup

Feature Selection

select the Express features to instaU.

setup Support~

f eature se lection

Instalation Rules

InstanceCon~allOn

Dlsk Space Req<.Wements

Ser= ConfigurallOn

Database Engine Configurabon

ErrorReporbnQ

Instalation Configuration Rules

Instalabon Progress

COtTlIlIe te

feat ures:

o DatabaseEngne 5efvices
o SQ..server Replicabon

SharedFeaturesoManagemen t Tools• BaSIC
o SQ..aent ConnectJvity SDK

D l ocalDB
Redisll'w tableFeatures

Feature descnption:

TheconfigurallOn andoperabonof each •
instance feature of a SQ..Ser= instance
is isolated fromother SQ..Ser=
instances. SQ..sever instancescan
operateside-by-sideon the same
COI'!1P'Jt... .

.:J
Prerequisites for se lected feat ures:

Ahady .... taIed:
IVrdo'il's PowerShel 2.0
MIcrosoft.NETFrameworlt 3.5

To beinstaled from~:
MIcrosoftVisual Stucio 20105heI

To be instaled frominternet:
Mlcrosoft.NETFrameworlt 4.0 (mayrequir

select Aul Unselect Aul
Sharedfeature directory:

Shared feature directory (x86): IC:'Program Files (xS6)\'ticrosoft SQ..Ser=\

< Sack I Next >

Figure1-5. The FeatureSelection screen

Cancel

10. Figure 1-6 shows the Instance Configuration screen, and it is very important.
Here you can choose to install a default instance or a named instance. Ifyou
have any SQLServer inst ances already installed, possibly an earlier version
such as 2008 R2, they will show up in the list on this screen. Each instance
must have a unique name, so you must avoid using any existing instance
names. See the sidebar "Named Instances" for more information about
naming SQLServer inst ances. The Express edition installation installs the
named inst ance MSSQLSERVERby default. Use the name MSSQLSERVER if
you can; otherwise, type in a unique name. Figure 1-6 shows the instance
configuration screen. Click Next.
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t: SQl Server 2012 Setup

Instance Configuration

Speofy the name and instance 10 for the instance of SQl server. Instance 10 becomes part of the installation path.

SQL Server directory: C:\Program Files\Mlcrosoft SQL Server\MSSQLlI .MSSQLSERVER

Instance root directory: IC:'Pr09"am Fies'l"ocrosoft SQlServer\

EdbonFeatures

SER 'ER

Instance ID

IMSSQLSERVER

Installedinstances:

Instance 10:

r. Default instance

r Named instance:

Se~ Support Rules

Feature Selectlon

InstaiallOn Rules

rnsta nce Configura tion

DIsk Space R~ements

server Con~atJon
Database Engine Con~atJon

ErrorRopo<lwl!l

InstaiallOn Con/iolJ'a lIOnRules

InstalatJonPr09"e'"..s

~te

< Back I Ne>ct > I Cancel I Help I____________________________________'4

Figure 1-6. The Instance Configuration screen

NAMED INSTANCES

Multiple Sal Server installations can run on one physical computer. Each installation iscalled an instance.
You may have only one default instance on acomputer. Any additional instances must be named. To
connect toSal Server, you must specify the physical computer name. When working with named
instances, you must specify the instance name as well. To connect toadefault instance, only the
computer name is required. When connecting to name instances, the computer name plus the instance
name are required: computerNamelinstanceName.

11 . The Disk Space Requirement s screen (Figure 1-7) will ensure that you have
enough disk space for the install. However, "space for the install" refers to
having space for the executable and oth er files such as the system databases.
The system databases start out small but can grow quit e large in a production
system. The space requirements don 't include any user databases, which are
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the databases that will store your data, so make sure you also have room for
them before clicking Next.

.~ SQL Server 2012 Setup

Disk Space Requirements

Review the diskspace summaryfor the SQLServer features you selected.

Setup Support Rules

License Terms

Feature Selection

Installation Rules

Instance Configuration

DiskSpace Requirem ents

Server Configuration

Database Engine Configuration

Error Reporting

Installation Configuration Rules

Installation Progress

Complete

Disk UsageSummary:

e·~ Drive C: 2456MBrequired. 225583 MBavailable
L System Drive (C:\) :998 MBrequired
l_ SharedInstallDirectory (C:\Program Files\Microsoft SQL Serve" ): 593MBrequired
l Instance Directory (C:\Prog ram Files\Microsoft SQLServer\) :865 MBrequired

< Back II Next> II Cancel II Help

Figure 1-7. The Disk SpaceRequirements screen

12. On the Service Configuration screen, shown in Figure 1-8, you must specify
accounts under which SQLServer will run. If you are setting up SQLServer for
a production environment, you probably have a special service account to use .
Since you are just installing the Express edition for learning purposes here,
choose the default for all the services.
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~ SQl server 2012 setup - _

Server Configuration

Specify the serv ice accounts and collat ion configurati on.

~t Name Password

Microsoft recommends that you usea separateaccount for each SQL Server service.

SlllrlupT

NTAlJTHORITY'/..OCAl. SE•••

SQlServerDatabase Engine

SQl5erver Browse<

ServIce~ts ICelabonI~tup Support R1ks

FeabJe Seledlon

lnstalabon Rules

InstanceConfigrsabon

Dosk Space ReQIA'ements

server Config uration

Da~~ Configrsabon

ErrorReporting

Instalabon Configrsabon RUes

Instalatlon Progess

Corrc>Iete

< Back I Next > Cancel Help I
&

Figure1-8. ServerConfiguration screen

13. On the Database Engine Configuration screen's Account Provisioning tab
(Figure 1-9), you will either select the "Windows authentication mode" option
or the "Mixed Mode " option. If you select "Windows authentication mode, "
SQLServer can accept connections only from Windows-authenticated
accounts; if you selected "Mixed Mode ," it can additionally allow accounts set
up within SQLServer. For the purposes of the book, you can leave the
authentication mode as "Windows authentication mode." Click the Add
Current User button near the bottom ofthe page to make sure that the
account you are using is added as an administrator.
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~ SQLServer 2012 Setup

Database Engine Config uration

SpeofyDatabase EngineauthenticatJonsecunty mode, adminlstrato rs and data directories.

~tup Support RL.les

FeallIe selecllon

Instalatlon!Wes

Instance ConflQl...-atiOn

DIsk Space ReqlNemenls

sever Configuration

Database Engine Configuration

ErrorReporbng

InstalatlonConfiguratiOn Roo
InstalatlonProgress

C~te

ServerConfiguratiOn IData[)rectoriesIuser Instances IFILESTREAM I
SpeCify the authentication mode and administrators for the Database Engine.

AuthenticationMode- - - - - - - - - - - - - - - - - - - - - - - - ­

r Windows authentication mode

(0 MIXed Mode(SQLserverauthen ·cation and Windows authen cation)

SpeCify the pass word for the SQL ~rver syst em administrator (sa) aceouO:"::.-. --------­

Enter password: I••••••••
Confirmpass word: '1.-.-••-.-.-.·.1----------------------
Speofy SQL~rver administrators - - - - - - - - - - - - - - - - - - - - - -

... :. '; . . . SQl5erver ad'nnistralorshave
l6Yestneted access to the
Database Engne.

Addcurrent userl~ RemoveI

CancelNext >< Back Help I
....._--------------------------------------- ~
Figure 1-9. The Database Engine Configuration screen

14. On the Data Directories tab , you can specify directories for database and log
files as well as all the other directories needed for your SQLServer instance. In
a learning environment, the defaults are fine . On a production system, the
database administrator will strategically place files for best performance.

15. Click the FILESTREAM tab on the current screen to enable FILESTREAM
functionality, as in Figure 1-10. FILESTREAM was introduced in SQLServer 2008
and we will look more closely at it in Chapter 10.
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~ SQl5erver 2012 5etup

Database Engine Configuration

Sp.dfy Datebase Engin. authentice tlon s. runty mode, administrators and dala d ireete ries ,

5eb.4>~11Wos serv...Configu'abon IData DlroctDrios IUse' Instances IIILESTREAMJI
F"at,.. SelKbon

Instalabon Rules P Enabl. FILESTREAM for Transact-SQL access

InstanceConfiglrabon P Enabl. FILESTREAM for fiI. I/Oaccess
DIsk Spac" RO()a'ornents

IMSSQLSERVERserv... Con6g<¥abon
Windows share name:

Database Engine Confl9uration r Allow remote dients eccess to FILESTREAMdata
Error Ropor!>"lO

InstalabonConfiglrabon Rules

Instalabon Pr"'7es5

Corr4>/ele

< B.ck I Noxt > I csncet I H.lp I.e
Figure 1-10. FILESTREAM configuration

16. Click Next after configuring FILESTREAM. You'll see an Error and Usage
Reporting screen. Check the buttons on that screen to send reports to
Microsoft if you choose to do that, and click Next again.

17. The installation performs more checks from the Installation Rules page that
appears next, such as making sure that the settings you have selecte d will
work. Click Next to continue.

18. Asummary screen of what will be installed displays. Click Install , and the
installation begins.

19. Once the install is complete, you can view a report to help you solve any issues
with the installation . Figure 1-11 shows the report from a successful
installation.
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I , - IClI2S.J

Complete

Your SQL ~rv .. 2012 Installationcompleted successfully"ith product updates.

~t141 SLwort R1ks Informationaboutthe~ up operationorpossiblentxtsteps:
Feaue selection

InstaiatlOn Rules
1Feaue I Status I..;'" . .. . : . ~ .

InstanceCon~atlOn Database En9ne Services Su=eded
ClsIc Space Reqwements SQl Browser Succeeded

ServerConng"a tlOn SQl Wnter Succeeded

Database Englne Con~abon
SQl Oerlt COMeClMly Succeeded
SQl Oerlt COMec1Mly SDK Succeeded

ErrorReporlrlQ

InstaiatlOn Conf9x atlOn Rules

InstaiatlOn Progress
Complete

Details:

Viewing Product Documentat ion for Sal Se rve r JOnly the components that you use to 'liew and manage the documentation forSal Serverhave
been installed. By default. the Help Viewer component uses the online library. Afterinstalling Sal
Server. you can use the Help Library Manager component to download documentat ion to your
local compute r. For more information. see Use Microsoft Books Online forSal Server
<hllp:/Igo.microsofl corn/fwIinkm.inklp=224683> lhllp:/Igo microsoftcorn/fwlink!?LinklD=
~).

..:J
Summary 100 fil e has beensavedto thefollov,inO location:

C:\Program FHes\M,gosoft SOL xrver\1I0lSetuD Bootstrop\Log\20120309 14305l\Summary WIN-
SRUBLZ7Gm 20120309 1430SI.bd

Close I Help I
~

Figure 1-11. A successful installation report

20. Click the Close button. Congratulations! You have just installed SQLServer
Express.

After the installation completes, the SQLServer Installation Center disp lays once more. You may be
interested in viewing some of the resources available in this application at a later time . Luckily, you don't
have to start the install again . You can run the Installation Center by selecting Start > All Programs >
Microsoft SQLServer 2012 > Configuration Tools > SQLServer Installation Center at any time.
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Installing the Sample Databases
Sample databases are very useful to help beginners practice writing code . Several databases, such as
Pubs, Northwind, and AdventureWorks, have been available for this purpose over the many releases of
SQLServer. You can down load the sample databases from the CodePlex samples web site at
www.codepl ex. com. Because the link will change frequently as up dated samp les become available, search
for SQLServer 2012 sample databases. Make sure you are downloading the latest version of the sample
databases. Figure 1-12 shows a portion of the download page that was current the day that this sectio n
was written.

Adventure Works for SQL Server 2012
Rating : ealed on 14 ratinlll Released : Mar 12 2012

Reviewed: 13 review. IUpdated: May 242012by De",ckVMSn

Downloads: 127703 Dev status: Stable 0

DOWNLOADS

AdventureWorks2012 Data File

application. 1935361<, uploaded Mar 14 · 63802 downloads

AdventureWorksDW2012 Data File

application, 2060801<, uploaded Mar 12 • 27376 downloads

AdventureWorks Multidimensional Models SQL Server 2012

application. 4421<, uploaded Mar 12 • 11494 down load.

Analysis Services Tutorial SQL Server 2012

sou rce code. 8131<, uploaded Mar 12 ·4649 download.

AdventureWorks Tabular Model SQL Server 2012

source code, 831<, upload ed Mar 12 ·3640 downloads

AdventureWorks Interne Sales Tabular Model SQL Server 2012

source code. 531<, uploaded Mar 27 • 3042 do vnloads

AdventureWorks 2012 CS OLTP SCript

app lication, 213181<, uploaded Mar 14 ·2479 download.

Figure 1-12. The sourcefo r the AdventureWorks databases

The following steps will guide you thro ugh installing the sample databases.
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1. After clicking the appropriate link for your processor type and operating
system, click the IAgree button to accept the license agreement.

2. Click Save to download the files.

3. Navigate to a location that you will remember, and click Save.

4. Once the download completes, open SQLServer Management Studio and start
a new query. You can skip ahead in this chapter to see how this is done. In the
query windows, execute the command shown in Listing I-I. You will need to
change the path to match the location where you downloaded the
AdventureWorks2012 data file. Figure 1-13 shows how your screen should
look.

Listing 1-1. Script to Create the AdventureWorks2012 Database

CREATE DATABASE AdventureWorks2012 ON (FILENAME = '<drive>:\<file
path>\AdventureWorks2012_Data.mdf') FOR ATTACH REBUILD LOG

SQlQueryI.sqI· SQl2...\Adnliristrator (54})· X

CREATE DATABASE AdventureHcrks2Bl2 OIl ( FI l EIWl E •

..:.J
100 % • I I .!..l

Messagesl
File activation failu re . The physical f ile na e "C:\Advent ur eWO r ks 2BI 2_Dat a_ l og . l df " may be i nc orrect .
Ne.. log file •C: \ Adve nt ureWorks 2B12_Dat a_l og . l df· " a s c r eate d.

.:::J
100 % • I I .!..l

Query executed successfully.

Figure 1-13. The sample database install

SQl2012(11.0 RTM) SQl2012lAarftstrator .•. master 00:00:00 0 rows

You should now have AdventureWorks database installed on your SQLServer instance. Your next
step is to install SQLServer's help system, Books Online . Then I'll show you how to look at the
AdventureWorks database in the "Using SQLServer Management Studio" section.
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Installing Books Online
In SQLServer 2012 you have the choice of accessing Books Online via the Internet or locally. When you
first install SQLServer you have the option to install the Books Online components. These components
allow for better integration with the web-based documentation. The online components allow for
updates to Books Online on the Internet to be applied to your local installation. Follow these steps to
install Books Online locally.

1. Open up Management Studio and select Help from the menu. Under Help,
select Manage Help Settings.

2. A window will pop up with a list of items. Select "Install Content from Online."

3. Scroll down until you find the entry for SQLServer and click Add, as shown in
Figure 1-14, and then click Update.

(}) Help library Manager - Microsoft Help Viewer 1.0

Settings IHelp

Install Content from Online

S arePoint 2010 SDK

S arePoin* Server 2007 SDK

Windows S arePoi *Services 3.0 SDK

v SQl Server 2012

Books Online

Developer Refere ce

Installation

v Surface

<:: 1 1"...f ~" A , nc:: It Add
-1:..... -.,;":..' -'

Click Add to select content for o·m e help.

Ca cel

Figure 1-14. Installing Books Online

Using Books Online
Once SQLServer Books Online is installed, you can launch it by opening Management Studio and
selecting Help from the top menu. Under the Help menu, select View Help . A new browser window will
open up to the first page of MSDN.

Books Online is now part of the standardized Help Viewer. The screen for Microsoft Help Viewer is
divided into two sections, as shown in Figure 1-15 . The contents are displayed in the left pane. You can
expand each entry to see the sections and click a topic to view each article on the right.
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Learn Download~ Sup~ty~

Books Online for SQl Server 2012

SQl Server includes several data manag ement and analysis techno log ies. Click on

.. SQl Server Documentation Changes

.. SQl Server Techno log ies

Welcome to Microsoft ® Books Online for Microso ft SQl Server 2012®. Books Onlin
intelligence work by using SQl Server.

19 out of 34 rated this helpful · Rate this topic

SQl Server 2012 introduces two significant documentation changes; a new help vi
issues with previous versions of Books Online. SQl Server 2012 Books Online cant
more information, see SQL Server Documenta tion Restructure.

SQLServer 2012 Books Online uses the help viewer released with Microso ft® ViSI
either viewed online. or do wnloaded as a local help collection. For more informat

Other ve rsions «· MSDN Library
Servers and Enterprise Development

• SQl Server
• SQl Server 2012
• Product Documentation

Booles Online for SQl Server 20U
Getting Started (SQl Server 2012)
Database Engine
Analysis Services
Integration Services
Data Quality Services
Replication
Reporting Services
Master Data Services
Glossary

Community Content

-, Add code samples and tips to
enhance this topic .

More ...
IDatabase Engine

The Database Engine is the core service for storing. processing and secu
Idemanding data consuming applications within yo ur enterprise. The Oat.

Figure 1-15. The two panes ofMicrosoft Help Viewer

In the top right corner there is a search bar. Type in a term, such as query, to see the results found in
the local help system and any articles posted online. On the right you 'll see advanced search options
(Figure 1-16) and in the main window you'll see the results listed by topic and by location.
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Home- lIbr.aty lNfn SMnpkot. ~ S\lppctfC Commun ity Forums

Search

Refine search

BySoufU':
L... ..,

-~.....
ey Tope
A(U'u

'Nwldowf,Dcshop
AlW_

_______ [~ri Searc~

~ulU 1·20 OI.bouI 2. J 50.00 0 for. q uc" IJ

quoryOMethod ("",I 0.,. Type) ' MSON- bplore Desktop. web ;
Sptofl~ In xQutor'y .ag.amit "I' InSlJ~ of Ihe unI (SUI typt,~ tlt1Uttt1 of
r:nSUl')C" of untypf'd XML
msd ""IIO'OK'rt ccmfe. u or,"Y 1191-'74alP

Terminal~JWf" Comm.1oos: QUERY · krc»of1 Support
QUERYr~ QUS£R. QPROCESS. QOBJECT. QAPPSERV. Q\VI~TA trOlTl Cdru\,'I""tr~me. Thf query "
u~ 10 Otipa,y QI.~t "~1 (1t'1~' I~ _

SUppofl.'"O'oso~ 1%592

Quory HmU(Tr. nWC!·SQl)
Query hints O\'lHTidt the dfof.MJlt bffW\')()f' of 1". query cpt
u~ qu.ry t'llntllO~ .Iocturlog ",,"lhOd Of" tht _
mid mcrO$Ortc;omI·u I'Y l"Itd817 14MPJ

to' 1M durUJOnof tN- query 5U!~tYou an
lJb<.ry

Qu.riu: Retrieving Information from a Daa Sour~ WIlY
You U"f" query to ,.tum dlt.. t~l tNtd"lItS..~ of altf'n.l for h,lmphe . 11 you wlnll0 IcnowhOw many of your
o.atomttl M ," U't Un ltd Sl"'~"" youat".' _
,...5d mcoso~ CCI f'l"I.us, rK,'Y"2S6n8~

Quory Schem. lJb<1'Y
ThfQuery Khe-rNo! C~..bof1 e ,\ppliQhon M.rbJpUi~ (CAM L)l$u~ in ".Incus""~ Wli the-conI".,
of MCOi.Ctt Sh.lrf'Po-n1 ~ound.lt1Of'l 10 dtftn.t queri•• _
mw J''''IoOO'SOft com ·u 4'" ms467S21

Microsott..Sf'arch.Qu. 'Y$chcoma
Appton to: PIo"oiO"OSOtt Sha~1~ 2010 s.fo.J~ .ll'\dM.(J'osof1 FAST s..rch s.rv.r 2010 '01~Otnt Th
MCOiCtI.s.t.lfd\ Que-ry Sd'ltmJ Of1O'ibtiIt"f> rfqVfil _

idn mcoKltt cgmJf'!'l·,n or.'Y/ms»377S..MC

Figure 1-16. Search results in Microsoft Help Viewer

Once you find an article or help topic you think you will want to view periodically, you can click the
"Add to Favorites " button as you would for any other web site .

You will learn how to write T-SQLfrom reading this book, but I recommend that you check Books
Online frequently to learn even more!

Using SQl Server Management Studio
Now that you have SQLServer, SQLServer Books Online, and the sample database installed, it's time to
get acquainted with SQLServer Management Studio (SSMS) . SSMSis the tool that ships with most
editions ofSQL Server, and you can use it to manage SQLServer and the databases as well as write T­
SQLcode. If you have installed SQLServer Express with Tools as outlined earlier, you should be able to
find SSMSby selecting Start> AllPrograms> Microsoft SQLServer 2012> SQLServer Management
Studio. SSMSis your window into SQLServer. You can manage your database, create scripts, and-most
importantly-execute T-SQLcode and see the results.

Launching SQLServer Management Studio
Launch SSMSby selecting Start> AllPrograms> Microsoft SQLServer 20012 > SQLServer
Management Studio. After the splash screen displays, you will be prompted to connect to an instance of
SQLServer, as shown in Figure 1-17.

17



CHAPTER 1 • GETIING STARTED

eJ Connect to Server -

" . ,01OlI·

SQL Serverznz

3
~:n:;-------3

3
3

IWindows Authentication

ISOL2012 rail)(

ID abase Engine

1 §;·1.~'1 f'4

hJthentication:

User arne

Server name:

Pa oro I
r Aememb password

Connect Cancel Help Options »

Figure1-17. Connect to Serverdialogbox

Notice in this example that the computer name is SQL2012 and we are using the default instance. If
you installed a named instance, you will see the computer name followed by a "V' and then the instance
name. For the default instance you can also use (local), Localhost, or a period in place of the computer
name as long as you are logged on locally and not trying to connect to a remote SQLServer. Make sure
that the appropriate server name is filled in, and click Connect.

Once connected to an instance of SQLServer, you can view the databases and all the objects in the
Object Explorer. The Object Explorer is located the left side of the screen by default. You can expand
each item to see other items underneath. For example, once you expand the Databases folder, you can
expand one of the databases. Then you can expand the Tables folder for that database. You can expand a
table name and drill down to see the columns, indexes, and other properties. In the right pane, you can
see details about the selected item . Ifyou don 't see the details, press the F7 key. Figure 1-18 shows the
Object Explorer window and details .
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Figure 1-1B. The Object Explorer

Running Queries
One SSMSfeature that you will use extensively during this book is the Query Editor. In this window you
will type and run queries as you learn about T-SQL.The following steps will guide you through writing
your first query in the Query Editor.

1. Make sure your SQLServer instance is selected in the Object Explorer, and
click New Query, which is located right above the Object Explorer. to open the
Query Editor window.

2. Select the AdventureWorks2012 database from the drop-down list on the left if
it is not already selected, as in Figure 1-19.
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lOCI""" . ~

.!J CO""'C<tIt'd. (l /1)

Figure 1-19. The AdventureWorks2012 database
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3. Type the following code in the Query Editor window on the right. It's a query
to display all the data in the Employee table.

SELECT * FROM HumanResources.Employeej

4. You will notice as you type that IntelliSense (Figure 1-20) is available in the
Query Editor window. IntelliSense helps you by eliminating keystrokes to save
you time . It also validates the code before the code is compiled. It doesn't work
when connecting to versions earlier than SQLServer 2008.

SQl~y2.$Q1 · SQl2...l,o\dminstrator (53» " x

SELECT " FRQ'1 ~

H

-lI dmJ ogpooLsharedcachebuffers
fn_check..object_siOnatures
fn_helpcotl tions
fn_helpdatatypemap

.., fn_PhYSLoc(racker
fn_servershareddrives

J1 HumanResources
J1 I tj FORMATIo rCSCHE~
c'l. PurchaSilg

Figure 1-20. IntelliSense

20



CHAPTER 1 • GETTING STARTED

S. Click Execute or press the F5 key to see the results, as in Figure 1-21.

Object Explorer Dot.ils$QlQ uery2.sql. H...Home·P C\D.d (52))" X

SELECT FRa1 Hum.nResources . Ellployee

100 % . '

JobTtle

ChoeI ExeewveOfficer

'ke PreSident d Engneemg

Eng.neenng Manager

Senor Tool DeSl9"er

DeSIgn Engneer

DeSign Engineer

Researchand DevelOllll1eR Manager

Research and DevdOllll1ert Engrleer

Re.earch and DevdOllll1enl Engi1eer

Cirg¥lzationlevd

o
1

2

3

3

3

3

loglnlD

.dv..-c..e-wol1<s kenO

. dverC1J"e-wol1<s lemO

adverC..e-work. 'robertoO

. dverC..e-work. 'mbO

.dvenl..e-work. 0

.dverC..e-worksljossefO

.dve<t1J"e-works~O

. dv..-c..e-works'Oane 1

. dvenl..e-work. 0

[J Re.ub ~~::J.. _

8usr'lessEnttyiD Na:>onaIID~

1 [i=:.==:.J 255847284
2 2 245757967

3 3 509647174

4 4 1124Si891

5 5 69525690S

6 6 998320692

7 7 134969118

8 8 811994146

9 9 658757903

Figure 1-21. Results ofrunning your first T-SQL query

SSMShas several scripting features to help you write code. Follow these steps to learn how to create
a query without typing.

1. Make sure that the Tables folder is expanded, and select the
HumanResources.Employee table, as in Figure 1-22.

Object Explorer

Connect •

... q.

Tables
l±J System Tables
l±J FileTables
l±J dbo.AWBuildVersion
l±J dbo.DatabaseLog
l±J dbo.ErrorLog

l±J HumanResources.Department

l±J
l±J HumanResources.EmployeeDepartmentHistory
l±J HumanResources.EmployeePayHistory
l±J HumanResourcesJobCandidate
l±J HumanResources.5hift
l±J Person.Address
l±J Person.AddressType

Figure 1-22. The HumanResources.Employee table
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2. Right-click the HumanResources.Employee table, and select Script Table as>
Select To > New Query Editor Window .

3. A new window will automatically open with some code (Figure 1-23). Click
Execute.

Connect •

Tables
System Tables
FkTables

ffi [;:] dbo.AWBullVersion
ffi o dbo.Oatabaselog
ffi Cl dbo.EtrorLog
ffi Cl dbo.NL.mbers
ffi [;:] dbo.NYSIIS_Replacements
ffi o HumanResources.Oepartment
ffi Cl HumanResources.Emp!oyee
ffi o HumanResources.EmployeeOepartmer
ffi o HumanResources.EmployeePayHistO<y
ffi D HumanResources.JobCamidate
ffi o ~manResources.Slift

ffi D Person.Address
ffi Person.AddressType
ffi o Person.Bu~essEntity

ffi Person.~essEntityAddress

ffi Person.Bu~essEntityContact

ffi Person.ContactNYSlIS
ffi Person.ConlactType

SQl.Query4.sq1 - SQI. 2...'AdmoristratO< (55»" x
USE [Ad\lentureHorks2012]
GO

E1 SELECT I: Bus i ne s s Ent i t yI O]
• [Nat iona lIDllun:ber]
• [LoginIO]
• [Organizationllode]
• [OrganizationLe\lel]
• [JobTitle]
• [BirthOate]
• [HaritalStatus]
• [Gender]
• [HireOate]
• [SalariedFlag]
• [VacationHours]
• [SickLea\leHours]
• [CurrentFlag]
• [rO\"/guid]
• [ ro\od i fiedOate]

FROM [Ad\lenturel~rks2012] .[Hu anResources] .[Employee]

Figure 1-23. Automatically generated code

Sometimes you will end up with multiple statements in one Query Editor window. To run only some
of the statements in the window, select what you want to run, and click Execute or press F5. Figure 1-24
shows an example. When you execute, only the first query will run.

Obj«t &pIor.. • q x
Conned •

libltl
Sy1l.... T. bl.,
f lltT.blu

• ::I dbo.AWBuildVt'fSion
, ::J dbo.O. t.b.....og

, ::J dbo.E"Oflog

Figure 1-24. Selected code

SQlQu 0'Y3."lI - SC._cott · PC\ScOl\ (}7) ' x

- SELECT FROM HumanResources Employee
tSE LECT FROM HumanResources ,Department;

Sections of code can be collapsed to get them out of your way by clicking the minus sign to the left
of the code . You can search and replace just like a regular text editor, and, of course, you have
Intellixense to help you write the code .

Results can be saved to text files by clicking the Results to File icon shown in Figure 1-25 before you
execute the code . You can also select and copy the results for pasting into Excelor Notepad.
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Figure 1-25. Results to File icon

You can add documentation to your code or just keep code from running by adding comments. To
comment a section of code, begin the section with /* and end the section with */ .You can comment out
a line of code or the end of a line of code with two hyphens (- -). To automatically comment out code,
select the lines you want to comment, and click the Comment button shown in Figure 1-26. Uncomment
code by selecting commented lines and clicking the Uncomment button next to the Comment button.

SQLQu.ry4.sql· H...Hom.·PC\Ood (52))" X

1::1 / *

[

I want to comment
like this
*/

Object Explor.r Ootoil'

serveral lines

BSELECT 1 -- a comment after the code

- - I want to comment 1 line

Figure 1-26. Commented code

The Object Explorer allows you to manage the databases, security, maintenance jobs , and other
aspects ofSQL Server. Most of the tasks that can be performed are in the realm of database
administrators, so we will not explore them in this book.

Exploring Database Concepts
In this section, you will learn just what SQLServer is and about the databases and objects that make up
databases. You will learn how data is stored in a database, and you 'll learn about objects, called indexes,
that help SQLServer return the results of your queries quickly.

What Is SQL Server?
SQLServer is Microsoft's relational database management system (RDBMS) . A relational database
management system stores data in tables according to the relational model. The relational model is
beyond the scope of this book, but you can learn more by reading Beginning Relational Data Modeling,
Second Edition, by Sharon Allen and Evan Terry (Apress, 2005).
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Editions
Microsoft makes SQLServer available in many editions, including a free edition called Express that can
be distributed with applications or used to learn about SQLServer and several expensive, full-featured
editions (Standard, Business Intelligence, and Enterprise) that are used to store terabytes of data in the
most demanding enterprises. There is even a version that can be installed on smart phones (Compact
edition) . Search for the article "Features Supported by the Editions of SQLServer 20012" in SQLServer
Books Online for more information about the editions and features of each. Table 1-1 gives an overview
of the editions available .

Table 1-1. SQL Server 20 12 Editions

Edition

Compact

Express

Web

Workgroup

Developer

Standard

Enterprise

Business
Intelligence

Usage Expense

Occasionally connected systems including mobile devices Free

Great for learning SQLServer and can be distributed with Free
applications

Used for small web sites Inexpensive

Used for workgroups or small database applications Inexpensive

Full featured but used for development only Inexpensive

Complete data platform with some high-availability and business Expensive
intelligence features

Allavailable features Very expensive

Used in both large and small companies to deploy comprehensive Expensive
Business Intelligence solutions

Many well-known companies trust SQLServer with their data. To read case studies about how some
of these companies use SQLServer 20012, visit www.microsoft.com/sqlserver/2008/en/in/case­
studies. aspx.

Service vs. Application
SQLServer is a service, not just an application. Even though you can install some of the editions on a
regular workstation, it generally runs on a dedicated server and will run when the server starts; in other
words, usually no one needs to manually start SQLServer. To minimize or practically eliminate
downtime for critical systems, SQLServer boasts high-availability features such as clustering, log
shipping, database mirroring, and AlwaysOn. Think about your favorite shopping web site. You expect it
to be available any time day or night and every day. Behind the scenes, a database server, possibly a SQL
Server instance, must be running and performing well at all times . Even during necessary
maintenance-when applying security patches, for example-administrators must keep downtime to a
minimum.
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SQLServer is feature rich, providing a complete business intelligence suite, impressive management
tools, sophisticated data replication features, and much, much more. These features are well beyond the
scope of this book, but I invite you to visit www.apress.comtofind books to help you learn about these
other topics if you are interested.

SQLServer doesn't come with a data-entry interface for regular users or even a way to create a web
site or a Windows application. To do that, you will most likely use a programming language such as
Visual Basic .NET or C#. Calls to SQLServer via T-SQLcan be made within your application code or
through a middle tier such as a web service . Regardless of your application architecture, at some point
you'll use T-SQL.SQLServer does have a very nice reporting tool called Reporting Services that is part of
the business intelligence suite. Otherwise, you will have to use another programming language to create
your user interface.

Figure 1-27 shows the architecture of a typical web application. The web server requests data from
the database server. The clients communicate with the web server.

Non-Windows Computer

SOL Server

Laptop Computer Running
Windows

Figure 1-27. The architecture ofa typical web application

Database As Container
A database in SQLServer is basically a container that holds several types of objects and data in an
organized fashion. Generally, one database is used for a particular application or purpose, though this is
not a hard and fast rule . For example, some systems have one database for all the enterprise applications
required to run a business. On the other hand, one application could access more than one database.

Start SQLServer Management Studio if it is not already running, and connect to the SQLServer
instance you installed in the "Installing SQLServer Express Edition" section. Expand the Databases
folder to see the databases installed on the SQLServer. You should be able to see the
AdventureWorks2012 database, as in Figure 1-28.
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Object Explorer

l3 SQl2012 (SQl Server 11.0.2100 - SQl2012'Adm" 'strator)

l3 Databases

[±J System Databases

[±J AdventureWorks2012

[±J Security

[±J Server Objects

[±J Replicacon
[±J Management

Figure 1-28. The databases

· q. x

Within a database, you will find severa l objects, but only one type of object, the table, hold s the dat a
that we usually think about. In addition to tables, a database can contain indexes, views, stored
procedures, user-d efined funct ions, and user-d efined types among oth er objects. Later chapt ers in th is
book will cover most of the oth er objects that are used to make up a database. You'll find an introduction
to indexes later in this chapt er.

SQl SERVER FilES

ASal Server database must be comprised ofat least two files. One isthe data file with the default
extension .mdf, and the other default is the log file with the extension . l df . Additional data files, if they
are used, will usually have the extension. ndf. Technically, the .mdf , .ldf, and .ndf files can have any
given extension name though it is not recommended tochange them from the defaults. Data files can be
organized into multiple file groups. File groups are useful for strategically backing up only portions of the
database atatime ortostore the data on different drives for increased performance.

The log file inSal Server stores transactions,orchanges tothe data, toensure data consistency.
Database administrators take frequent backups of the log files toallow the database to be restored toa
point intime incase ofdata corruption, disk failure, orother disaster.

Data Is Stored in Tables
The most imp ortant objects in a database are tables becau se the tables are the objects that store the data
and allow you to retri eve the data in an organized fashion . You can repr esent a table as a grid with
colum ns and rows. The terminology used to describe the data in a database varies depend ing on the
system, but in this book, I will stick with the terms table, row, and column. The following is an example
of a table created to hold data about store owners:
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Title FirstName MiddleName LastName Suffix CompanyName
Mr. Orlando N. Gee NULL A Bike Store
Mr. Keith NULL Harris NULL Progressive Sports
Ms. Donna F. Carreras NULL Advanced Bike Components
Ms. Janet M. Gates NULL Modular Cycle Systems

In a normalized database, each table holds information about one type of entity. An entity type
might be a student, customer, or vehicle, for example. Each row in a table contains the information
about one instance of the entity represented by that table. For example, a row will represent one student,
one customer, or one vehicle . Each column in the table will contain one piece of information about the
entity. In the vehicle table, there might be a YIN column, a make column, a model column, a color
column, and a year column, among others.

Each column within a table has a definition specifying a data type along with rules , called
constraints, that enforce the values that can be stored. Constraints include whether a column can be left
blank, whether it must be unique, whether it is limited to a certain range of values, and so on . You will
learn more about constraints in Chapter 9.

In a normalized database, each table will have a primary key that is used to uniquely identify each
row. In the previous example, the primary key is CustomerID.

• Note You will learn what NULL means in Chapter 2.

Data Types
SQLServer has a rich assortment of data types for storing strings, numbers, money, XML, binary, and
temporal data. Start SQLServer Management Studio if it is not running already, and connect to the SQL
Server you installed in the "Installing SQLServer Express Edition" section. Expand the Databases section .
Expand the AdventureWorks2012database and the Tables section. Locate the HumanResources. Employee
table, and right -click it. Select the Design option to view the properties (see Figure 1-29).
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HOME-PC.Adventur...sourc es.Employee X Object Explorer Details

Column Name Data Type Allow Nulls
J ~ .. . . . •••••••• ••••••••••:

~~ L.~.~.~~.~.:~.~~.~~.~~~ _ ..1 int
NationalIDNumber nvarchar(15)

Log inlD nvarchar(256)

OrganizationNode hierarchyid

OrganizationLevel

JobTitle nvarchar(50)

BirthDate date

MaritalStatus nchar(1)

Gender nchar(1)

HireDate date

SalariedFlag Flag:bit

VacationHours smallint

SickLeaveHours smallint

CurrentFlag Flag:bit

rowguid uniqueidentifier

ModifiedDate datetime

Figure 1-29. The properties ofthe HumanResources.Employee table

The HumanResources . Employee table contains a variety of data types and one column,
OrganizationalLevel, with no data type defined. The OrganizationalLevel column is a computed
column consisting of a formula.

SalariedFlag and CurrentFlag have the Flag user-defined data type, which is defined within the
database. Develop ers can crea te user-defined data types to simplify table crea tion and to ensure
consistency. For example, the Adventur eWorks2012 database has a Phone data type used whenever a
colum n contains phone num bers. To see the Phone data type definit ion , expand the Program mability
section, the Type section , an d the User Defined Data Types section. Locate an d double-click the Phone
data type to see the prop erties (see Figure 1-30).
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General - - - - - - - - - - - - - - - - - - - - - - -

-------[J...
[J

Schema:

Name:

Datatype:

Length:

Storage:

Binding

Default:

Rule:

(dbo
~

I n~~ _
[25 _

- --------- ----
50 bytes

Figure 1-30. The properties ofthe Phone user-defined data type

Developers can create custom data types, called eLR data types, with multiple properties and
methods using a .NET language such as C#. Chapter 9 shows how to create a helpful CLR for generating
passwords and Chapter 10 covers three built-in CLRdata types : HIERARCHYID, GEOMETRY, and GEOGRAPHY.
The OrganizationNode column is a HIERARCHYID. You will find a wealth of information about data types in
SQLServer Books Online by searching on the data type that interests you.

Normalization
Normalization is the process of designing database tables in a way that makes for efficient use of disk
space and that allows the efficient manipulation and updating of the data. Normalization is especially
important in online transaction processing (OLTP) databases, such as those used in e-commerce.
Database architects usually design reporting-only databases to be denormalized to speed up data
retrieval since they don't have to worry about frequent data updates.

The process of normalization is beyond the scope of this book, but it is helpful to understand why
databases are normalized. To learn more about normalization, see Pro SQL Server 2012 Relational
Database Design and Implementation by Louis Davidson and Jessica Moss (Apress, 2012).

Figure 1-31 shows how a database design might look before it is normalized. The example is of an
order-entry database. There is one table, and that table consists of data about both customers and
orders. One problem that you can probably see straightaway is that there is room only for three items
per order and only three orders per customer.
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CustomerOrders
-l Cu~lUII"::IID

-l Title

-l FirslName

-llaSlName

-l CompanyN3me

-l Addresslin~1

-l Addresslin~2

-l City

-l State_Pro\ ince

-l Country

-l PostalCode

-l OrderIDl

-l OrderOate l

-l Orderlteml_l

-.J OrderQtyl _l

-l Orderlteml_2

-.J OrderQty1_2

-l OrderIteml_3

-.J OrderQtyl_3

-l Orderltem2_1

-l OrderQty2_1

-l Orderltem2_2

-l OrderQty2_2

-.J Orderltem2_3

-l OrderQty2_3

-l Orderltem3_1

-l OrderQty3_1

-l Orderltem3_2

-.J OrderQty3_2

-.J Orderltem3 3

Figure 1-31. The denormalized database

Figure 1-32 shows how the database might look once it is normalized. In this case , the database
contains a table to hold information about the customer and a table to contain information about the
order, such as the order date. The database contains a separate table to hold the items ordered. The
order table contains a CustomerID that determines the customer instead of containing all the customer
information. The OrderDetail table allows as many items as needed per order. The OrderDetail table
contains the OrderID column to specify the correct order.
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Customer
-11 CustomerID

.J TitleoFlfstName

Order .J LastName

~ OrderID -.J companyName
-'" .J AddressLine1OrderDate

,- oAddressLine2CustomerID
'- .J City

~
.J Statej>rovince

~
.J Country

OrderDetail
o PostalCode

-11 OrderID

[1] OrderItem

.J OrderQty

Figure 1-32. The normalized database

It may seem like a lot of trouble to properly define a database up front. However, it is well worth the
effort to do so. I was called in once to help create reports on one of the most poo rly designed databases I
have ever seen. This was a small Microsoft Access database that was used to record information from
interviewing use rs at a medium-sized company about the app licatio ns that the employees used. Each
time a new application was entered into the database, a new Yes/No column for that application was
created, and the data-entry form had to be modified. The developer, who should have known better, told
me that she just didn 't have time to create a properly normalized database. Much more time was spent
fighting with this poor design than wou ld have been spent properly designing the database.

Understanding Indexes
When a user runs a query to retrieve a portion ofthe rows from a tab le, how does the database engine
determine which rows to return? If the table has indexes defined on it, SQLServer may use the indexes to
find the appropriate rows.

There are severa l types of indexes, but this section covers two types : clustered and nonclustered. A
clustered index stores and organizes the table. A nonclustered index is defined on one or more columns
of the table, but it is a separate structure that points to the actual table. Both types of indexes are
optional, but they can greatly improve the performance of queries when properly designed and
maintained. A couple of analogies will help explain how indexes work.

Aprinted phone directory is a great example of a clustered index. Each entry in the directory
represents one row of the table. A table can have only one clustered ind ex. That is because a cluste red
index is the actual tab le organized in order of the cluster key. At first glance, you might think that
inserting a new row into the table would require all the rows after the inserted row to be moved on the
disk. Luckily, this is not the case. The row will have to be inserted into the correct data page . Alist of
pointers maintains the order between the pages, so the rows in other pages will not have to actually
move.
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The primary key of the phone directory is the phone number. Usually the primary key is used as the
clustering key as well, but this is not the case in our example. The cluster key in the phone directory is a
combination of the last name and first name. How would you find a friend's phone number if you knew
the last and first name? Easy-you would open the book approximately to the section ofthe book that
contains the entry. If your friend 's last name starts with an P, you search near the beginning of the book;
ifit starts with an S,you search toward the back. You can use the names printed at the top of the page to
quickly locate the page with the listing . You then drill down to the section of the correct page until you
find the last name of your friend . Now you can use the first name to choose the correct listing. The
phone number is right there next to the name. It probably takes more time to describe the process than
to actually do it. Using the last name plus the first name to find the number is called a clustered index
seek.

The index in the back of a book is an example of a nonclustered index. Anonclustered index has the
indexed columns and a pointer or bookmark pointing to the actual row. In the case of our example, it
contains a page number. Another example could be a search done on Google, Bing, or another search
engine. The results on the page contain links to the original web pages. The thing to remember about
nonclustered indexes is that you may have to retrieve part of the required information from the rows in
the table. When using a book index, you will probably have to turn to the page of the book. When
searching on Google, you will probably have to click the link to view the original page . If all the
information you need is included in the index, you have no need to visit the actual data.

Although you can have only one clustered index per table, you can have up to 999 nonclustered
indexes per table . If you ever need that many, you might have a design problem! An important thing to
keep in mind is that although indexes can improve the performance of queries, indexes take up disk
space and require resources to maintain. Ifa table has four nonclustered indexes , every write to that
table may require four additional writes to keep the indexes up-to-date.

I just mentioned that 999 nonclustered indexes is too many. When talking about databases, an
answer I hear all the time is "It depends." The number of indexes allowed per table increased with the
release of SQLServer 2008 to take advantage of a couple of new features: sparse columns and filtered
indexes. Youwill learn more about sparse columns in Chapter 10.

Database Schemas
Aschema is a container that you can use to organize database objects. Aschema is a way to organize the
tables and object within the database. For example, the AdventureWorks2012 database contains several
schemas based on the purpose: HumanResources, Person, Production, Purchasing, and Sales. Each
table or other object belongs to one ofthe schemas.

• Note Objects inearlier versions ofSal Server were owned by database users. In Sal Server 2005 and later, a
user can own aschema, but not individual objects.

Auser can have a default schema. When accessing an object in the default schema, the user doesn't
have to specify the schema name; however, it's a good practice to do so. If the user has permission to
create new objects, the objects will belong to the user's default schema unless specified otherwise. To
access objects outside the default schema, the schema name must be used. Table 1-2 shows several
objects along with the schema.
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Table 1-2. SchemasFound in AdventureWorks2012

Name Schema Object

HumanResources.Employee HumanResources

Sales.SalesOrderDetail Sales

Person. Address Person

Summary

Employee

SalesOrderDetail

Address

This chapter provided a quick tour ofSQL Server. You learned how databases are structured and
designed; you also learned how SQLServer uses indexes to efficiently return data. If you followed the
instructions in this chapter. you now have an instance ofSQL Server running on your workstation or
laptop so that you have a place to practice the queries you are about to learn.

In Chapter 2, you will get a chance to write your own queries. You'll learn the SELECT statement, the
next step in your journey to T-SQLmastery.
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CHAPTER 2

Writing Simple SELECT Queries

Chapter 1 had you preparing your computer by installing SQLServer 2012 and the AdventureWorks2012
sample database. You learned how to get around in SQLServer Management Studio and a few tips to
help make writing queries easier.

Now that you're ready, it's time to learn how to retrieve data from a SQLServer database. Youwill
retrieve data from SQLServer using the SELECT statement, starting with the simplest syntax. This chapter
will cover the different parts, called clauses, of the SELECT statement so that you will be able to not only
retrieve data but also filter and order it. The ultimate goal is to get exactly the data you need from your
database-no more, no less.

Beginning in this chapter, you will find many code examples. Even though all the code is available
from this book 's catalog pages at http://www.apress.com. you will probably find that by typing the
examples yourself you will learn more quickly. As they say, practice makes perfect! In addition, exercises
follow many ofthe sections so that you can practice using what you have just learned. You can find the
answers for each set of exercises in the appendix.

• Note If you take a look atSOL Server Books Online, you will find the syntax displayed foreach kind of
statement. Books Online displays every possible parameter and option, which is not always helpful when learning
about a new concept forthe firsttime. In this book, you will find only the syntax that applies to the topic being
discussed atthe time.

Using the SELECT Statement
You use the SELECT statement to retrieve data from SQLServer. T-SQLrequires only the word SELECT
followed by at least one item in what is called a select-list.

IfSQL Server Management Studio is not running, go ahead and start it. When prompted to connect
to SQLServer, enter the name of the SQLServer inst ance you installed while reading Chapter 1 or the
name of your development SQLServer. You will need the AdventureWorks2012 sample databases
installed to follow along with the examples and to complete the exercises . Youwill find instructions for
installing the sample dat abases in Chapter 1.
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Selecting a Literal Value
Perhaps the simplest form of a SE LECT statement is that used to return a literal value that you specify.
Begin by clicking New Query to open a new query window. Listing 2-1 shows two SELECT statements that
both return a literal value . Notice the single quote mark that is used to designate the string value. Type each
line of the code from Listing2-1 into your query window.

Listing2-1. Statements Returning Literal Values

SELECT 1
SELECT 'ABC'

After typing the code in the query window, press F5 or click Execute to run the code. You will see the
results displayed in two windows at the bottom of the screen, as shown in Figure 2-1. Because you just
ran two statements, two sets of results are displayed.

Tip By highlighting one ormore statements inthe query window, you can run justa portion of the code. For
example, you may want to run one statement atatime. Use the mouse toselect the statements you want to run,
and press F5.

El SELECT 1
ISELECT •ABC'

100 % . '

(No column name)I-·ABC'..··········..··_···_·······_······,
~.., ;

Figure 2-1 . The results ofrunning your first T-SQL statements

Notice the Messages tab next to the Results tab. Click Messages, and you will see the number of rows
affected by the statements, as well as any error or informational messages. If an error occurs, you will see
the Messages tab selected by default instead of the Results tab when the statement execution completes.
You can then find the results, if any, by clicking the Results tab.

Retrieving from a Table
You will usually want to retrieve data from a table instead of literal values. After all, if you already know
what value you want, you probably don't need to execute a query to get that value .

In preparation for retrieving data from a table, either delete the current code or open a new query
window. Change to the example database by typing Use AdventureWorks2012 or by selecting the
AdventureWorks2012 database from the drop-down list, as shown in Figure 2-2.
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FUe Edit View Query Project Debug Tools fll1dow

.~. New Query

Connect ·

El

Figure 2-2. Choosing the AdventureWorks2012 database

You use the FROM clause to specify a table name in a SELECT statement. The FROM clause is the first
part of the statement that the database engine evaluates and processes. Here is the syntax for the SELECT
statement with a FROM clause:

SELECT <columnl>, <column2> FROM <schema>.<table>;

Type in and execute the code in Listing 2-2 to learn how to retrieve data from a table.

Listing2-2. Writing a Query with a FROM Clause

USE AdventureWorks2012;
GO
SELECT BusinessEntityID, JobTitle
FROM HumanResources.Employee;

The first statement in Listing 2-2 switches the connection to the AdventureWorks2012 database if
it's not already connected to it. The word GO doesn't really do anything except divide the code up into
separate distinct code batches.

When retrieving from a table, you still have a select-list as in Listing 2-1; however, your select-list
typically contains column names from a table. The select-list in Listing 2-2 requests data from the
BusinessEntitylD and JobTitle columns, which are both found in the Employee table. The Employee
table is in turn found in the HumanResources schema.

Figure 2-3 shows the output from executing the code in Listing 2-2. There is only one set of results,
because there is only one SELECT statement.
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1

2

3

4

5

6

7

8

9

10

"12

13

14

Resu s I
BusinessEntitylD JobTrtlei"', ]Chief Executive Officer

t :

2 Vice President of Engineering

3 Engineering r anager

4 Senior Tool Designer

5 Design Engineer

6 Design Engineer

7 Research and Development r anager

8 Research and Development Engineer

9 Research and Development Engineer

10 Research and Development '" anager

11 Senior Tool Designer

12 Tool Designer

13 Tool Designer

14 Senior Design Engineer

Figure 2-3. The partial results ofrunning a query with a FROM clause

Notice that the FROM clause in Listing 2-2 specifies the table name in two parts:
HumanResources.Employee. The first part-HumanResources-is a schema name. In SQLServer 2012,
groups of related tables can be organized together as schemas. You don't always need to provide those
schema names, but it 's a best practice to do so. Two schemas can potentially each contain a table named
Employee, and those would be different tables with different data. Specifying the schema name as part
of your table reference eliminates a source of potential confusion and error.

To retrieve all the columns from a table, you can use the * symbol, also known as asterisk, star, or
splat. Run the following statement to try this shortcut: SELECT * FROM HumanResources. Employee. You will
see that all the columns from the table are returned.

The asterisk technique is useful for performing a quick query, but you should avoid it in a
production application or process. Retrieving more data than you really need may have a negative
impact on performance. Why retrieve all the columns from a table and pull more data across the
network when you need only a few columns? Using SE LECT *also comprises performance by ignoring
any indexes created on table columns. This is because indexes are normally based off a WHERE clause
filter (see the section call "Filtering Data" later in this chapter) . If the SQLServer query optimizer doesn't
have a filter, it will default to a full table scan to find the data. Besides performance, application code
may break if an additional column is added to or removed from the table. Additionally, there might be
security reasons for returning only some of the columns. Best practice is to write select-lists specifying
exactly the columns that you need and return only the rows you need.

Generating a Select-List
You might think that typing all the required columns for a select-list is tedious work. Luckily, SQLServer
Management Studio provides a shortcut for writing good SE LECT statements. Follow these instructions to
learn the shortcut:
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1. In the Object Explorer, expand Databases.

2. Expand the AdventureWorks2012 database.

3. Expand Tables.

4. Right-click the Huma nResources.Employee table .

S. Choose Script Table as > Select To > New Query Editor Window.

You now have a properly formed SELECT statement, as shown in Listing 2-3, that ret rieves all the
columns from the Hum anResources.Employee table. You can easily remove any unneeded columns
from the query.

Listing 2-3. A Scripted SELECT Statement

SELECT [BusinessEntityID]
, [NationalIDNumber]
, [LoginID]
, [OrganizationNode]
, [OrganizationLevel]
, [JobTitle]
, [BirthDate]
, [MaritalStatus]
,[Gender]
, [HireDate]
, [SalariedFlag]
, [VacationHours]
, [SickLeaveHours]
, [CurrentFlag]
, [rowguid]
, [ModifiedDate]

FROM [AdventureWorks2012].[HumanResources].[Employee]
GO

Notice the brackets around the names in Listing 2-3. Column and table nam es need to follow
specific naming rules so that SQLServer's parser can recognize them . When a table, column, or database
has a nam e that doesn 't follow tho se rules, you can still use that nam e, but you must enclose it within
square brackets ([]) . Automated tools often enclose all names within square brackets as a "jus t-in-case"
measure.

Also notice that the FROMclause in Listing 2-3 mentions th e database nam e: [AdventureWorks20121 .
You need to specify a dat abase nam e only when accessing a database other than the one to which you
are currently connec ted. For example, if you are currently connec ted to the maste r database, you can
access data from AdventureWorks2012 by specifying the database name. Again, though, automated tools
often specify the database nam e regardless.

• Note Another shortcut to typing allthe column names is toclick and drag the column(s) from the leftside of
Management Studio into the query window. For example, if you click on the Columns folder and drag it to the
query window, Sal Server will listall the columns.
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Mixing Literals and Column Names
You can mix literal values and column names in one sta tement. Listing 2-4 shows an exam ple. SQL
Server allows you to create or rename a column within a qu ery by using what is known as an alias. You
use the keyword AS to specify an alias for the column. This is especially useful whe n using literal values
whe re you create a colum n name in the T-SQL statemen t that do esn't exist in the tabl e.

Listing 2-4. Mixing Literal Valu es and Column Na mes

USE AdventureWorks2012j
GO
SELECT ' A Literal Value ' AS "Literal Value" ,

BusinessEntityID AS EmployeeID,
LoginID JobTi t l e

FROM HumanResources .Employeej

Go ahead and execute the qu ery in Listin g 2-4. You sho uld see result s sim ilar to those in Figure 2-4.
Notice th e column nam es in your results. The co lumn names are th e aliases th at you specified in your
query. You can alias any column, giving you com plete control over the head ers for your result sets.

Results I
Literal Value EmployeelD Jobli Ie

1 [~:~~I.y.~i~~] 225 adventure......orks lanD

2 A LiteralValue 193 adventure-....orks lejandroD

3 A Literal Value 163 adventure......orks lexD

4 A Literal Value 109 adventure......orks liceD

5 A LiteralValue 287 adventure......orks my{)

6 A Literal Value 214 adventure......orks ndreasO

7 A LiteralValue 47 adventure......orks ndrewO

8 A Literal Value 164 adventure......orks ndrew1

9 A Literal Value 149 adve ure-....orks ndyO

10 A LiteralValue 115 adventure-....orks ngelaO

11 A Literal Value 137 adventure......orks nibalO

12 A Literal Value 260 adventure...vorks nnetteO

13 A LiteralValue 33 adventure-....orks nnikO

14 A Literal Value 252 adventure-....orks\arvind0

15 A Literal Value 222 adventure-....orks\ascott0

16 A Literal Value 265 adventure......orks\ashviniO

17 A Literal Value 183 adventure-....orks\barbaraO

18 A Literal Value 245 adventure......orks\barbara1

19 A Literal Value 131 adventure-....orks barisD

Figure 2-4. The results ofusing aliases
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The keyword AS is optional. You can specify an alias name immediately following a column name. If
an alias contains a space or is a reserved word, you can surround the alias with square brackets, single
quotes, or doubl e quotes. If the alias follows the rules for naming objects, the quotes or square brackets
are not required.

Be aware that any word listed immediately after a column within the SE LECT list is treated as an alias.
Ifyou forget to add the comma between two column names, the second column name will be used as
the alias for the first. Omitting this comma is a commo n error. Look carefully at the query in Listing 2-4,
and you 'll see that the intent is to display the LoginID and Iob'I'itle columns. Because the comma was left
out between those two column nam es, the nam e of the LoginID column was changed to JobTitie.
JobTitie was treated as an alias rather than as an additional column. Watch for and avoid this commo n
mistake.

Reading about T-SQL and typing in code examp les are wonderfu l ways to learn. The best way to
learn, however, is to figure out the code for yourself. Imagine learning how to swim by reading about it
instead of jumpi ng into the water. Practice now with what you have learned so far. Follow the
instructions in Exercise 2-1, and write a few queries to test what you know.

EXERCISE 2-1

For this exercise, switch to the AdventureWorks2012 database. You can find the solutions in the Appendix.

Remember thatyoucan expand the tables in the ObjectExplorer tosee the listoftable names andthen
expand the table tosee the listofcolumn names.

Now, try your hand atwriting the following tasks:

1. Write a SELECT statement that lists the customers alongwith their 10 numbers.
Include the StorelD andthe AccountNumber from the Sales.Customers table.

2. Write a SELECT statement that lists the name, product number, and color ofeach
product from the Production.Product table.

3. Write a SELECT statement that lists the customer 10 numbers and sales order 10
numbers from the Sales.SalesOrderHeader table.

4. Answer this question: Why should you specify column names rather than an
asteriskwhen writing the select-list? Give at least two reasons.

Filtering Data
Usually an app licatio n requires only a fractio n of the rows from a table at any given time . For examp le,
an order-entry application that shows the order history will need to disp lay the orders for only one
customer at a time . There might be millions of orders in the database, but the operator of the software
will view only a han dful of rows instead of the entire table. Filter ing data is a very important part of
T-SQL.
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Adding a WHERE Clause
To filter the rows returned from a query, you will add a WHERE clause to your SELECT statement. The
database engine processes the WHERE clause second, right after the FROM clause. The WHERE clause will
contain expressions, called predicates, that can be evaluated to TRUE , FALSE , or UNKNOWN. You will learn
more about UNKNOWN in the "Working with Nothing" section later in the chapter. The WHERE clause syntax
is as follows:

SELECT <column1>,<column2>
FROM <schema>.<table>
WHERE <column> = <value>;

Listing 2-5 shows the syntax and some examples demonstrating how to compare a column to a
literal value . The following examples are from the AdventureWorks2012 database unless specified
otherwise. Be sure to type each query into the query window and execute the statement to see how it
works. Make sure you understand how the expression in the WHERE clause affects the results returned by
each query. Notice that tick marks, or single quotes, have been used around literal strings and dates.

Listing2-5. How to Use the WHERE Clause

USE AdventureWorks2012;
GO
--1
SELECT CustomerID, SalesOrderID
FROM Sales.SalesOrderHeader
WHERE CustomerID = 11000;

--2
SELECT CustomerID, SalesOrderID
FROM Sales.SalesOrderHeader
WHERE SalesOrderID = 43793;

--3
SELECT CustomerID, SalesOrderID, OrderDate
FROM Sales.SalesOrderHeader
WHERE OrderDate = '2005-07-02';

--4
SELECT BusinessEntityID, LoginID, JobTitle
FROM HumanResources.Employee
WHERE JobTitle = 'Chief Executive Officer';

Each query in Listing 2-5 returns rows that are filtered by the expression in the WHERE clause. Be sure
to check the results of each query to make sure that the expected rows are returned (see Figure 2-5).
Each query returns only the information specified in that query's WHERE clause .
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! esu s ~I =======
CustomerlD SalesOrderlD

1 [~iOOO--·--·---l 43793

2 11000 51522
3 11000 57418

CustomerlD SalesOrderlD,--.--.--.----.--1
L~!~ J 43793

CustomerlD SalesOrderlD._.__._ - --_.-..
1 L~?~..?.__.__j 43702
2 16624 43703
3 11005 43704

4 11011 43705

-
OrderDate

2005-07-0200:00:00.000
2005-07-02 00:00:00.000

2005-07-0200:00:00.000
2005-07-0200:00:00.000

BusinessEntJlyID LoginlD JobIi Ie

[~~~-===-==] adventure-works enO Olief Executive Officer

Figure 2-5. The results ofusing the WHERE clause

Using WHERE Clauses with Alternate Operators
Within WHERE clause expressions, you can use many comparison operators, not just the equal sign. Books
Online lists the following operators:

> (greater than)

< (less than)

=(equals)

<= (less than or equal to)

>= (greater than or equal to)

!= (not equal to)

<> (not equal to)

!< (not less than)

!>(not greater than)

Type in and execute the queries in Listing 2-6 to practice using these additional operators in the
WHERE clause.
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Listing2-6. Using Operators with the WHERE Clause

USE AdventureWorks2012;
GO
--Using a DateTime column
--1
SELECT CustomerID, SalesOrderID, OrderDate
FROM Sales.SalesOrderHeader
WHERE OrderDate > '2005-07-05';

--2
SELECT CustomerID, SalesOrderID, OrderDate
FROM Sales.SalesOrderHeader
WHERE OrderDate < '2005-07-05';

--3
SELECT CustomerID, SalesOrderID, OrderDate
FROM Sales.SalesOrderHeader
WHERE OrderDate >= '2005-07-05';

--4
SELECT CustomerID, SalesOrderID, OrderDate
FROM Sales.SalesOrderHeader
WHERE OrderDate <> '2005-07-05';

--5
SELECT CustomerID, SalesOrderID, OrderDate
FROM Sales.SalesOrderHeader
WHERE OrderDate != '2005-07-05';

--Using a numeric column
--6
SELECT SalesOrderID, SalesOrderDetailID, OrderQty
FROM Sales .SalesOrderDetail
WHERE OrderQty > 10;

--7
SELECT SalesOrderID, SalesOrderDetailID, OrderQty
FROM Sales.SalesOrderDetail
WHERE OrderQty <= 10;

--8
SELECT SalesOrderID, SalesOrderDetailID, OrderQty
FROM Sales.SalesOrderDetail
WHERE OrderQty <> 10;

--9
SELECT SalesOrderID, SalesOrderDetailID, OrderQty
FROM Sales.SalesOrderDetail
WHERE OrderQty != 10;
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--Using a string column
--10
SELECT BusinessEntityID, FirstName
FROM Person. Person
WHERE FirstName <> 'Catherine';

--11
SELECT BusinessEntityID, FirstName
FROM Person. Person
WHERE FirstName != 'Catherine';

--12
SELECT BusinessEntityID, FirstName
FROM Person. Person
WHERE FirstName > 'M';

--13
SELECT BusinessEntityID, FirstName
FROM Person. Person
WHERE FirstName !> 'M';

Take a look at the results of each query to make sure that the results make sense and that you
understand why you are getting them. Remember that both! =and <>mean "not equal to" and are
interchangeable. Using either operator should return the same results if all other aspects of a query are
the same.

You may find the results of query 12 interesting. At first glance, you may think that only rows with
the first name beginning with the letter N or later in the alphabet should be returned. However, if any
FirstName value begins with Mfollowed by at least one additional character, the value is greater than M,
so the row will be returned. For example, Ma is greater than M.

Using BETWEEN
BETWEEN is another useful operator to be used in the WHERE clause. You can use it to specify an inclusive
range of values . It is frequently used with dates but can be used with string and numeric data as well.
Here is the syntax for BETWEEN:

SELECT <column1>,<column2>
FROM <schema>.<table>
WHERE <column> BETWEEN <value1> AND <value2>;

Type in and execute the code in Listing 2-7 to learn how to use BETWE EN.

Listing 2-7. Using BETWEEN

USE AdventureWorks2012
GO
--1
SELECT CustomerID, SalesOrderID, OrderDate
FROM Sales.SalesOrderHeader
WHERE OrderDate BETWEEN '2005-07-02' AND '2005-07-04';
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--2
SELECT CustomerID, SalesOrderID, OrderDate
FROM Sales.SalesOrderHeader
WHERE CustomerID BETWEEN 25000 AND 25005;

--3
SELECT BusinessEntityID, JobTitle
FROM HumanResources.Employee
WHERE JobTitle BETWEEN 'c' and 'E';

--An invalid BETWEEN expression
--4
SELECT CustomerID, SalesOrderID, OrderDate
FROM Sales.SalesOrderHeader
WHERE CustomerID BETWEEN 25005 AND 25000;

Pay close attention to the results of Listing 2-7 shown in Figure 2-6 . Query 1 returns all orders placed
on the two dates specified in the query as well as the orders placed between the dates. You will see the
same behavior from the second query-all orders placed by customers with customer IDs within the
range specified. What can you expect from query 3? You will see all job titles that start with CorD. You
will not see the job titles beginning with E, however. A job title composed of only the letter Ewould be
returned in the results. Any job title beginning with E and at least one other character is greater than E
and therefore not within the range. For example, the Ex in Executiveis greater than just E, so any job
titles beginning with Executive get eliminated.
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C!I Resu~s I

OrderDate

OrderDate

2005-07-0200:00:00.000

2005-07-0200:00:00.000

2005-07-02 00:00:00.000

2005-07-02 00:00:00.000

2005-07-0300:00:00.000

2005-07-0300:00:00.000

2005-07-0300:00:00.000

2005-07-0300:00:00.000

SalesOrderlDCustomerlD

BusinessEntityl0 JobTille
,..· _· ·_....·..·_.._· 1
l..~ _.__._ _..J Chief Executive Officer

5 Design Engineer

6 Design Engineer

15 Design Engineer

217 Document Control M...

218 Control Specia~st

219 DocumentControlh ..

220 DocumentControlh ..

4

r CustomerlD SalesOrderlDI"- _ ~

l..~!.~.? __J 43702
16624 43703

11005 43704

11011 43705

27621 43706

27616 43707

20042 43708

16351 43709

1

2
13

15
16

17

1
8

I CustomerlD SalesOrderlD OrderDate

1 1 [?}~~:~':~':~:~J 73018 2008-06-1500:00:00.000
12 25001 61662 2008-01-0800:00:00.000

3 25002 61397 2008·01 -0300:00:00.000

I 4 25003 60269 2007·12·1800:00:00.000
5 25004 74889 2008-07·24 00:00:00.000

~ 25005 _5_5_344--::::--__2_007.1 0-01 00:00:00.000

11
1 2
13

1
4

, 5

1
6

7

1
8

r
Figure 2-6. The partial results ofqueries with BETWEEN

Query 4 returns no rows at all because the values listed in the BETWEEN expression are switched. No
values meet the qualification of being greater than or equal to 25,005 and also less than or equal to
25,000. Make sure you always list the lower value first and the higher value second when using BETWE EN.
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Using NOT BETWEEN
To find values outs ide a particular range of values, you wri te the WHEREclause exp ressio n using BETWEEN
alo ng with the NOT keyword. In this case, the query returns any ro ws outside the range. Try the exam ples
in Listing 2-8, an d com pare them to the resul ts fro m Listi ng 2-7.

Listing 2-8. Using N OT BETWEEN

Use Adventu reWorks2012
GO
- -1
SELECT CustomerID, SalesOrderID, OrderDate
FROM Sales .SalesOrderHeader
WHERE OrderDate NOT BETWEEN '2005 -07 -02 ' AND '2005 -07-04';

--2
SELECT CustomerID, SalesOrderID , OrderDate
FROM Sal es. Sal esOr der Header
WHERE CustomerID NOT BETWEEN 25000 AND 25005;

--3
SELECT BusinessEntityID, JobTitle
FROM HumanResources .Employee
WHERE JobTitle NOT BETWEEN 'c ' and 'E ';

--An invalid BETWEEN expression
- -4
SELECT CustomerID, SalesOrderID, OrderDate
FROM Sales .SalesOrderHeader
WHERE CustomerID NOT BETWEEN 25005 AND 25000;

Query 1 di spl ays all o rde rs placed before July 2,2001 (2001-07 -02) or after July 4, 2001 (2001 -07­
04)-in other words, any orders placed outside the ra nge specifie d (see Figure 2-7). Query 2 d isplays the
orders placed by cus tomers wi th customer IDs less than 25,000 or greater th an 25,005. When usin g th e
NOT operator with BETWEEN, the values specifie d in the expression don't sh ow u p in the results. Qu ery 3
returns all jo b titles beginning with A an d B. It also displays any jo b titles b eginning with E an d a t least
one more character, as well as any job titles starting with a lett er greater than E. If a titl e co nsists of just
th e le tter E, it will no t show up in th e resu lts. This is ju st the op p osi te of wh at you saw in Listing 2-7.
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Resuks I
CustomerlD SalesOrderiD

1 L?i.~3~::::~::.~::~:J 43659
2 29672 43660

3 29734 43661

4 29994 43662

5 29565 43663

OrderDate

2005-07-01 00:00:00.000

2005-07-01 00:00:00.000

2005-07-01 00:00:00.000

2005-07-01 00:00:00.000

2005-07-01 00:00:00.000
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OrderDale

2005-07-01 00:00:00.000

2005-07-01 00:00:00.000

2005-07-0100:00:00.000

2005-07-01 00:00:00.000

2005-07-01 00:00:00.000

1

2

3

4

5

1

2

3

4

5

1

2

3
4

5

6

CustomerlD SalesOrderiD

[:.~~3~:::::~:::::] 43659
29672 43660

29734 43661

29994 43662

29565 43663

BusinessEntilylD JobTille

L3:~:::::::::::~~::::=~:~::::::] Vice President of Engineering
3 Engineering Manager

4 Senior Tool Designer

7 Researchand Developmen...

& Researchand DeveloR;,;,;.m:..::;e:..:;n.;,;,;... _

CustomerlD SalesOrderiD OrderDale

L3~.~3.~::~:::::::::~:] 43659 2005-07-0100:00:00.000
29672 43660 2005-07-01 00:00:00.000

29734 43661 2005-07-0100:00:00.000

29994 43662 2005-07-01 00:00:00.000

29565 43663 2005-07-01 00:00:00.000

29&9& 43664 2005-07-01 00:00:00.000

Figure2-7. The partial resultsofqueries with NOTBETWEEN

Query 4 with the incorrect BETWEEN expression returns all the rows in the table. Since no customer ID
values can be less than or equal to 25,005 and also be greater than or equal to 25,000, no rows meet the
criteria in the BETWEEN expression. By adding the NOT operator, every row ends up in the results, which is
probably not the original intent.
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Filtering On Date and Time
Some temporal data columns store the time as well as the date. If you attempt to filter on such a column
specifying only the date, you may retrieve incomplete results. Type in and run the code in Listing 2-9 to
create and populate a temporary table that will be used to illustrate this issue. Don't worry about trying
to understand the table creation code at this point.

Listing2-9. Table Setup for Date/Time Example

CREATE TABLE #DateTimeExample(
ID INT NOT NULL IDENTITY PRIMARY KEY,
MyDate DATETIME2(0) NOT NULL,
MyValue VARCHAR(25) NOT NULL

) ;
GO
INSERT INTO #DateTimeExample

(MyDate,MyValue)
VALUES ('1/2/2009 10:30', 'Bike'),

('1/3/2009 13:00', 'Trike'),
('1/3/2009 13:10', 'Bell'),
('1/3/2009 17:35', 'Seat');

Now that the table is in place, type in and execute the code in Listing 2-10 to see what happens
when filtering on the MyDate column.

Listing 2-1 O. Filtering On Date and Time Columns

--1
SELECT ID, MyDate, MyValue
FROM #DateTimeExample
WHERE MyDate = '2009-01-03';

--2
SELECT ID, MyDate, MyValue
FROM #DateTimeExample
WHERE MyDate BETWEEN '2009-01-03 00:00:00' AND '2009-01-03 23:59:59';

Figure 2-8 shows the results of the two queries. Suppose you want to retrieve a list of entries from
January 3,2009 (2009 -01 -03). Query 1 tries to do that but returns no results. Results will be returned only
for entries where the MyDate value is precisely 2009-01-0300:00:00, and there are no such entries. The
second query returns the expected results-all values where the date is 2009-01 -03 . It does that by taking
the time of day into account. To be even more accurate, the query could be written using two
expressions: one filtering for dates greater than or equal to 2009-01 -03 and another filtering for dates less
than 2009-01-04. You will learn how to write WHERE clauses with multiple expressions in the "Usin g
WHERE Clauses with Two Predicates" section later in this chapter.
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MyValue

Trike

Bell

Seal

"'1)'Value

Results I
!==========

10 MyOa e

[===
I~ [~i E~~~ :~.::

3 4 2009-01 -03 17:35:00

Figure 2-8. Results offiltering on a date and time colum n

So what would happen if you form att ed the date differentl y?Willyou get the same results if slashes
(I) (/)are used or if the month is spelled out (in other words. as January 3, 2009)? SQLServer does not
store the date using any particular character-based form at but rather as an int eger representing the
number of days between 1901-01-01 and the dat e specified. If the data type hold s the time, the time is
stored as the number of clock ticks past midnight. As long as you pass a date in an appropriate form at ,
the value will be recognized as a date.

Writing a WHERE clause is as mu ch an art as a skill. Take the time to pract ice what you have learned so
far by completing Exercise 2-2.

EXERCISE 2-2

Use the AdventureWorks2012 database tocomplete this exercise. Be sure to run each query and check the
results. You can go back and review the examples inthe section if you don't remember how towrite the
queries. You can find the solutions inthe Appendix.

1. Write aquery using aWHEREclause that displays all the employees listed inthe
HumanResources.Employee table who have the job title Research and
Development Engineer. Display the business entity 10 number, the login 10, and
the title foreach one.

2. Write aquery using a WHERE clause that displays all the names in Person.Person
with the middle name J. Display the first, last, and middle names along with the 10
numbers.

3. Write aquery displaying all the columns of the Production.ProductCostHistory table
from the rows that were modified on June 17, 2005. Be sure to use one of the
features inSal Server Management Studio tohelp you write this query.

4. Rewrite the query you wrote inquestion 1, changing it so that the employees who
do not have the title Research and Development Engineer are displayed.

5. Write aquery that displays all the rows from the Person.Person table where the
rows were modified after December 29, 2005. Display the business entity 10
number, the name columns, and the modified date.
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6. Rewrite the last query so that the rows that were not modified on December 29,
2005, are displayed.

7. Rewrite the query from question 5 so that it displays the rows modified during
December 2000.

8. Rewrite the query from question 5 so that it displays the rows that were not
modified during December 2005.

9. Explain why a WHERE clause should be used in many ofyour T-SQL queries.

Pattern Matching with LIKE
Sometimes you know only part of the value that will match the data stored in the table. For example, you
may need to search for one word within a description. You can perform searches with pattern matching
using wildcards to find one value within another value .

Pattern matching is possible by using the keyword LIKE in the expression instead of equal to or one
of the other operators. Most of the time, the percent (%) character is used as a wildcard along with LIKE to
represent any number of characters. You will also see the underscore U used as a wildcard to replace
just one character, but it's not used as often. Type in and run the code from Listing 2-11 to learn how to
use LIKE.

Listing 2-11. Using LIKE with %

USE AdventureWorks2012;
GO
--1
SELECT DISTINCT LastName
FROM Person. Person
WHERE LastName LIKE ' Sand%' ;

--2
SELECT DISTINCT LastName
FROM Person. Person
WHERE LastName NOT LIKE 'Sand%';

--3
SELECT DISTINCT LastName
FROM Person. Person
WHERE LastName LIKE '%Z%' ;

--4
SELECT DISTINCT LastName
FROM Person. Person
WHERE LastName LIKE 'Bec_';

The queries in Listing 2-11 contain the keyword DISTINCT to eliminate duplicates in the results
shown in Figure 2-9 . Query 1 returns all rows where the last name starts with Sand. Query 2 returns the
opposite-it returns all the rows not returned by query 1, which are those rows where the last name does
not start with Sand. Query 3 returns all rows that contain a Z anywhere in the last name. Query 4 will
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return only the last name Beck or any last name starting with Bee and one more character, but not the
last name Becker since the underscore can replace only one character.

1

2

3

4

1

2

3

4

Resu s I
'--===

last ame
r·····························..1
!...~.~.::~~.:~.......!

Sanders

Sandidge

Sandoval

la st ame

[..~~~~i.::::::.~::::.=.:
bel

.Abercrombie

.Abolrous

la st ame

[~.b~~~]
Zare
Zeman

Zeng

Figure 2-9. The partial results ofqueries with LIKE

Restricting the Characters in Pattern Matches
The value replacing a wildcard may be restricted to a list or range of characters. To do this, surround the
possible values or range by square brackets ([]) . Alternately, include the A symbol to list characte rs or the
range of characters that you don 't want to use as replacements. Here is the syntax for using brackets as
the wildcard:

SELECT <columnl>,<column2>
FROM <schema>.<table>
WERE <column> LIKE 'value[a-c]';

SELECT <columnl>,<column2>
FROM <schema>.<table>
WERE <column> LIKE 'value[a,b,c]';

SELECT <columnl>,<column2>
FROM<schema>.<table>
WERE <column> LIKE 'value[ Ad], ;
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Type in and exec u te th e code from Listing 2-1 2, which shows some examp les. You will probably not
enc oun te r the square bracket technique very oft en, but you sh ould be familiar with the syn tax in case
you run into it.

Listing 2-12. Using SquareBrackets with LIKE

USE AdventureWorks2012;
GO

--1
SELECT DISTINCT LastName
FROM Person. Person
WHERE LastName LIKE 'Cho[i-k]';

--2
SELECT DISTINCT LastName
FROM Person. Person
WHERE LastName LIKE 'Cho[i,j ,k] ';

--3
SELECT DISTINCT LastName
FROM Person. Person
WHERE LastName LIKE 'ChO[Ai]';

Figure 2-10 di splays the results of Listing 2- 12. Queri es 1 and 2 returns unique ro ws with a last name
of Choi, Choj, or Chok b ecause the pattern specifies the ra nge i to k. Query 1 specifies the ra nge of
values, whi le query 2 explici tly lis ts the allowable values that may be rep laced . Qu ery 3 re turns un ique
ro ws that have a last n ame beginning with Cho and en ding with any characte r except for i.

Resu ~ I
LastName

Figure 2 -1O. The results ofqueries restricting charactersin matches

Combining Wildcards
You may co mbine wildcards to create even m ore elaborate pattern s. Remember that th e percent sign
(%) rep laces a ny nu m ber of characters, the undersc ore U replaces one character, and th e square
bra cket s ([]) replace one characte r based on the values within the bracket s. Listing 2-13 demonst rates
some examp les. Type in and execu te th e code to see ho w this wor ks.
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Listing 2-13. Combining Wildcards in OnePattern

USE AdventureWorks2012;
GO
--1
SELECT LastName
FROM Person.Person
WHERE LastName LIKE 'Ber[r,g] %';

--2
SELECT LastName
FROM Person.Person
WHERE LastName LIKE 'Ber[ Ar] %';

--3
SELECT LastName
FROM Person . Person
WHERE LastName LIKE ' Be%n_';

View Figure 2-11 to see the result s. Query 1 returns all rows with a last nam e beginning with Ber
followed by either r or g (which is signified by the characters within the brackets) and the n by any
number of characters. Query 2 returns all rows with a last nam e beginning with Ber foll owed by any
letter except for r and then by any number of characters. Query 3 returns all rows with a last name
beginning with Befollowed by any number of charact ers, except that the next-to-last charact er must be
an n.
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Resu s I
LaslName

1 l=-~~=~=-~~J
2 Berge

3 Berge

4 Berger

5 Berger

6 Bergin

7 Berglund

8 Berglund

LaslName

1 ['~~~~~~~]
2 Berg

3 Berge

4 Berge

5 Berger

6 Berger

7 Bergin

8 Berglund

LaslName

1 [~~~~=]
2 Berglund

3 Berglund

Figure 2-1 1. The resul ts ofqueries with multiple wildcards

You will probably find LIKE used frequently in queries. so it's important to understand how it works.
Practice the skillsyou have just learned by completing Exercise 2-3.

EXERCISE 2-3

Use the AdventureWorks2012 database tocomplete this exercise. Follow the steps inthis exercise to test
your knowledge ofpattern matching and wildcard queries. You can find the solutions inthe Appendix.

1. Write aquery that displays the product ID and name for each product from the
Production.Product table with a name starting with Chain.

2. Write aquery like the one inquestion 1 that displays the products with Paint inthe
name.

3. Change the last query so that the products without Paint in the name are
displayed.
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4. Write aquery that displays the business entity 10 number, first name, middle
name, and last name from the Person.Person table foronly those rows that have E
orBstored in the middle name column.

5. Explain the difference between the following two queries:

SELECT FirstName
FROM Person. Person
WHERE LastName LIKE 'Ja%es';
SELECT FirstName
FROM Person. Person
WHERE LastName LIKE 'Ja_es';

Using WHERE Clauses with Two Predicates
So far, the examples have shown only one condition or predicate in the WHERE clause, but the WHERE
clause can be much more complex. They can have multiple predicates by using the logical operators OR.
Type in and execute the code in Listing 2-14 that demonstrates how to use AND and OR to combine two
predicates.

Listing 2-14. How to UseAND and OR

USE AdventureWorks2012;
GO

--1
SELECT BusinessEntityID,FirstName,MiddleName,LastName
FROM Person. Person
WHERE FirstName = 'Ken' AND LastName = 'Myer';

--2
SELECT BusinessEntityID,FirstName,MiddleName,LastName
FROM Person. Person
WHERE LastName = 'Myer' OR LastName = 'Meyer';

Figure 2-12 shows the results. Query 1 returns any rows with the first name Ken and the last name
Myerbecause both expressions must evaluate to true. Query 2 returns any rows with either the last name
Myer or the last name Meyerbecause only one of the expressions must evaluate to true.
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Results If Bu""","""D ""'N."" NddleName LastName
1 1""·'·525·····..········..················] Ken

NULL Myer
:..................................................:

2 203 Ken L Myer----
BusinessEntil)'1D RrstName I, iddleName LastName

1 U..~.~.~.....~.~......~...·.·.=....~.....·.·..] Deanna NULL Neyer

2 1455 Eric B. Neyer

3 1457 Helen M. Neyer

4 2140 Ken NULL Neyer

5 1523 Dorothy J. N1)'er

6 1525 Ken NULL Iyer

7 203 Ken L Nlyer

8 231 9 Unda NULL l>lyer

Figure 2-12. The results of queries with two predicates in the WHERE clause

Using WHERE Clauses with Three or More Predicates
A WHERE clause can contain more than two predicates combined by the logical operators AND and OR. If a
WHEREclause contains more than two predicates using both AND and OR, you must be careful to ensure
that the query returns the expected results. Type in and execute the code in Listing 2-15to see how the
order of the predicates affects the results and how to use parentheses to enforce the correct logic.

Listing 2-15. WHERE Clauses with Three Predicates

USE AdventureWorks2012;
GO

--1
SELECT BusinessEntityID,FirstName,MiddleName,LastName
FROMPerson. Person
WHERE FirstName = ' Ken' AND LastName = ' Myer '

OR LastName = ' Meyer';

--2
SELECT BusinessEntityID,FirstName,MiddleName,LastName
FROMPerson.Person
WHERE LastName = 'Myer' OR LastName = ' Meyer'

AND FirstName = 'Ken';

- -3
SELECT BusinessEntityID,FirstName,MiddleName,LastName
FROMPerson. Person
WHERE LastName = ' Meyer '

AND Fi rstName = 'Ken' OR LastName = 'Myer' ;
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--4
SELECT BusinessEntityID,FirstName,MiddleName,LastName
FROM Person . Person
WHERE FirstName = 'Ken' AND (LastName = 'Myer'

OR LastName = ' Meyer');

You can see th e results of Listing 2-15 in Figure 2-13. Once both logical op erat ors AND an d OR are
used in th e WHERE clau se, things can get complica ted. The logical op erator AND takes precedence over OR;
th erefore, the datab ase engine evaluates AND first. For example, suppose you want to find a name in the
Person.Person tabl e, KenMeyer, but you can' t remember th e spe lling of the last name . It could be Myer.
Listing 2-15 shows four attempts to solve th is problem, but on ly the last one is correct.

Results I
Busi"lessEntIlyID FI"Sl ame IvbddleName LastName

1 1 1459 1 Deanna NULL Meyer

2 1455 Eric B. Meyer

3 1457 Helen M. Meyer

4 2140 Ken NULL Meyer

5 1525 Ken NULL Myer

6 203 Ken L Myer

BusinessEntilyID RrstName " dieName LastName

1 [ 2140-----J Ken NULL Meyer

2 1523 Dorothy J. Myef

3 1525 Ken NULL Myer

4 203 Ken L Myer

5 2319 linda NULL Myer

BusinessEntIlyID FI"SlName NbddleName LastName

1 12i40-J Ken NULL Meyer

2 1523 Dorothy J. Myer

3 1525 Ken NULL Myer

4 203 Ken L Myer

5 2319 linda NULL Myer

BusinessEntilyID RrstName M.ddIeName LastName

1 12 14O-- -J Ken NULL Meyer

2 1525 Ken NULL Myer

3 203 Ken L /.1yer

Figure 2-1 3. The results ofqueries that force precedence to ensure the correctresults

Query 1 returns th e rows with the name Ken Myerbut also returns any row with th e last name Meyer.
Queries 2 and 3 return identical results-the row with Ken Meyerand any rows with th e last name Myer.
Finally, by using th e parentheses, qu ery 4 returns th e correct results.

When us ing multiple conditions, you must be very careful abou t th e precedence, or order, th at th e
expressions are evalu ated . The datab ase engi ne evalua tes th e con ditions in th e WHERE clause from left to
right, but AND takes preced ence over OR. Rearran ging th e terms can produce different but po ssibly still
inval id results as in th e previou s exam ple. To guarantee that th e qu ery is correct, always use parentheses
to enforce the logic once th e logical operator OR is adde d to th e WHERE clau se.
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Using NOT with Parentheses
An other interesting twist when us ing par entheses is that you ca n n egat e the m eaning of the expression
wi thin th em by specifying th e keyword NOT. For example, you could try to find th e rows where th e first
nam e is Ken and the last nam e can' t be Myeror Meyer. Type in and execu te Listing 2-16 to see two ways
to write the query.

Listing 2-16. Using NOT with Paren theses

USE AdventureWorks2012;
GO
--1
SELECT BusinessEntityID,FirstName ,MiddleName,LastName
FROM Person. Person
WHERE FirstName='Ken' AND LastName <> ' Myer'

AND LastName <> 'Meyer';

LastName

Kwok

Sanchez

Sanchez

ame

--2
SELECT BusinessEntityID,FirstName , MiddleName,LastName
FROM Person. Person
WHERE FirstName='Ken'

AND NOT (LastN ame = ' Myer' OR LastName = 'Meyer') ;

Often multiple ways exist to solve the same problem, as in th is case. Query 1 con ta ins three
expressions. One expression res tri cts th e rows to th ose where Firs tName is Ken. The other two
expressions co m pare Last Nam e to a value using not equal to (c ») . In query 2, the expressions within the
par entheses are evaluate d first. Next, that result is n egat ed by the NOT op erator to find all last names that
are not Myer or Meyer. Finally, only the ro ws that also have the first n ame Ken are returned. You can see
th e res u lts in Figure 2- 14.

As a best pract ice, always em ploy par entheses to enforce precedence when the WHEREclause
includes the logical operator OR. No t only will th is decrease the possibility of an in correct WHERE clause,
but it will increase the readability of the qu ery.

Resu _s ~I==================
BusinessEntrtylD FIrst ame

1 [3.~~::::::~~:~::::.~::::~=] Ken
2 luG Ken

3 1 Ken

BusinessEntrtylD FIrst ame

1 [?.~~::::~~':.::~:::.~::~::~'.~] Ken
2 luG Ken

3 1 Ken

l id eName

ULL

ULL

J

LastName

Kwok

Sanchez

Sanchez

Figure 2-14. The identical results of two queries with different techniques
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Using the IN Operator
The IN operator is very useful when multiple values must be com pare d to the same column. Query 4 in
Listing 2-15 could have been written in a more straigh tforward way using the IN op erator. Follow the IN
operator with a list of possible values for a column within parenthese s. Here is the syntax:

SELECT <column1>,<column2>
FROM <schema>.<table>
WHERE <column> IN «value1>,<value2»;

Type in and exe cute the code from List ing 2-17 . The querie s in thi s listing demonstrate how to u se
the IN operator. Review the results to be sure that you understand them.

Listing 2-17. Using the IN Operato r

USE AdventureWorks2012
GO

--1
SELECT BusinessEntityID,FirstName ,MiddleName,LastName
FROM Person. Person
WHERE FirstName = 'Ken' AND

LastName IN ('Myer', 'Meyer');

--2
SELECT TerritoryID, Name
FROM Sales .SalesTerritory
WHERE TerritoryID IN (2,1 ,4,5);

--3
SELECT TerritoryID, Name
FROM Sales .SalesTerritory
WHERE TerritoryID NOT IN (2,1,4,5);

You will probably find that the operator IN can simplify m any queries . Query 1 solves the same
problem as in Listing 2-1 5. The original query used two exp ressions to compare two values to the same
column with in par entheses: (LastName = 'Myer' OR LastName = 'Meyer') . By using the IN operator, you
we re able to elim inate one expression by including both values in the INlist. You can also use IN with
numbers and dates. Query 2 returns all ro ws with Terr itoryID 2, I , 4, or 5. By using NOT, query 3 returns
the opposite results. Figure 2-15 shows the resu lts of the th ree querie s from List ing 2-17 .

61



CHAPTER 2 • WRITING SIMPLESELECT QUERIES

Resuks I

1

2
3

4

BusinessEntityl0 FIfSlName

1 [~.~:~.~.~.'.~.':~.'.':~:'.'.'.'.~.'.'.'~::.'.'] Ken
2 1525 Ken

3 203 Ken

TenitorylD Namer · · ·..,
L.~ _ .! Northwest

2 Northeast

4 Southwest

5 Southeast

"' ddJeName

ULL

NULL

L

LastName

I eyer

Myer

Iyer

1

2
3

4

5
6

TenitorylD Namer..9 · ·1.AJJstralia
~ :

6 Canada

3 Central

7 France

8 Germany

10 Un~ed Klngdom

Figure 2- 15. The results ofqueries using the IN operator

As the WHERE clause becomes more complicated, it becom es very easy to make a mistake. Complete
Exercise 2-4 to practice writing multiple predicates, WHERE clauses with multiple predicates, and the IN
operator.

EXERCISE 2-4

Use the AdventureWorks2012 database tocomplete this exercise. Be sure tocheck your results toassure
that they make sense. You can find the solutions inthe Appendix.

1. Write aquery displaying the order 10, order date, and total due from the
Sales.SalesOrderHeader table. Retrieve only those rows where the order was
placed during the month ofSeptember 2005 and the total due exceeded $1,000.

2. Change the query inquestion so that only the dates September 1-3,2005,are
retrieved. See whether you can figure out three different ways towrite this query.

3. Write aquery displaying the sales orders where the total due exceeds $1 ,000.
Retrieve only those rows where the salesperson 10 is279 orthe territory 10 is6.

4. Change the query inquestion 3 so that territory 4 is included.

5. Explain when it makes sense touse the IN operator.
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Working with Nothing
Probably nothing causes more aggravation to T-SQL developers than NULL values. NULL means that a
value has not been entered for a particular column in a row. Suppose you have an e-commerce
application that requires the customer to fill in information such as name and address. In this example,
the phone number is optional. What does it mean if the customer does not enter a phone number and
the table ends up with NULL in the PhoneNumber column of the Customer table? Does it mean that the
customer does not have a phone? That's one possibility. Another is that the customer has at least one
phone number but chose not to supply it since it was not required. Either way, the end result is that you
have e .

Think now about what would happen if you had a list of 1,000,000 phone numbers and tried to
figure out whether any of the phone numbers belonged to the customer. Even if you compared each
phone number to the customer's row, one by one, you would never know whether any of the phone
numbers were the right one. You would never know because you would be comparing 1,000,000 values
to nothing. Conversely, can you guarantee that every one of your 1,000,000 phone numbers is not the
missing phone number? No, you can't do that either, since the customer's phone number is unknown.

This example should give you an idea about the challenges of working with NULL values. Type in and
execute the code in Listing 2-18 to work on some examples using real data.

Listing 2-18. An Example Illustrating NULL

USE AdventureWorks2012;
GO

--1) Returns 19,972 rows
SELECT MiddleName
FROM Person. Person;

--2) Returns 291 rows
SELECT MiddleName
FROM Person. Person
WHERE MiddleName = 'B';

--3) Returns 11,182 but 19,681 were expected
SELECT MiddleName
FROM Person. Person
WHERE MiddleName != 'B';

--4) Returns 19,681
SELECT MiddleName
FROM Person. Person
WHERE MiddleName IS NULL

OR MiddleName !='B';

Query 1 with no WHERE clause returns 19,972 rows, the total number ofrows in the table. Query 2
returns 291 rows with the middle name B. Logic follows that query 3 will return the difference of the two
numbers: 19,681 rows. When you check the results of query 3, you will find that more than 8,000 rows are
not accounted for. That is because the rows with NULL values can't be found by the expression containing
not equal. Comparing NULL to B returns UNKNOWN, so the rows are not returned. You must specifically
check for NULL values by using the IS NULL operator, as shown in query 4, which returns the correct
number of rows.
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Usually comparing the data in a column to a value or comparing the values from two columns
returns either TRUE or FALSE . If the expression evaluates to TRUE , then the row is returned. If the
expression evaluates to FALSE, then the row is not returned. Ifa value in the expression cont ains NULL,
then the expression is resolved to UNKNOWN. In some ways, the behavior is like FALSE . When an expression
resolves to UNKNOWN, the row is not returned. The probl ems begin when using any operator except for
equal to (=). The oppo site of FALSE is TRUE , but the opposite of UNKNOWN is still UNKNOWN .

• Note Be aware that NUll is not a numeric value so it can't equal itself or any other value. T-Sal instead

provides specific expressions and functions to test for NULL values. To test for a NULL value you will want to use

the IS [NOT] NULL expression (http://msdn .microsoft .com/en-us/library/ms188795(v=SQL.llo) .aspx).

Thefunction ISNULL will replace a NULL valuewith a value specified in the query(see Chapter 3).

Neglecting to take possible NULL values into consideration can often cause incorrec t results. Always
remember to think about NULL values, especiallywhen writing any expressi on containing NOT. Do the
NULL values belong in the results? Ifso, you will have to check for NULL. You will also need to keep NULL
values in mind when using the less than operator. NULL values will be left out of those results as well.
Chapter 3 will show you some other opt ions for working with NULL.

Understanding how NULL values can affect the results of your queries is one of the most importan t
skillsyou will learn. Even experie nced T-SQL developers struggle from time to time when working with
NULL values. Be sure to complete Exercise 2-5 to practice what you have just learn ed.

EXERCISE 2-5

Use the AdventureWorks2012 database to complete this exercise. Make sure you considerhowNULL
valueswill affectyourresults. You can find the solutions in the Appendix.

1. Write a query displaying the ProductlD, Name, and Color columns from rows in the
Production.Product table. Display only those rowswhere no color has been
assigned.

2. Write a querydisplaying the ProductlD, Name, and Color columns from rows in the
Production.Product table. Display only those rows inwhich the color is known not
to be blue.

3. Write a query displaying ProductlD , Name, Style, Size, and Color from the
Production.Product table. Include only the rowswhere at least one of the Style,
Size, or Color columns containsa value.

Performing a Full-Text Search
You have learned how to use LIKE to find a character match in data. Full-text search provides the ability
to search for words or phrases within string or binary data columns similar to a web search such as
Google or Bing. You can use LIKE for pattern matching only and not for searching binary data. Full-text
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search has support for multiple langu age s and other features such as synonym searches. Full-text search
is especially beneficial for do cuments stored as binary data in the datab ase.

Full-text sear ch must be installed during th e SQL Serve r setup, an d a special full-text index n eeds to
be created on the table. This book do esn 't in tend to teach you how to set up and manage full -text search,
but it will show you how to write some of th e basic queries . For more information about full -text search,
see the book Pro Full-Text Search in SQL Server 2008 by Hillary Cott er and Michael Coles (Apr ess, 2008) .
The AdventureWorks2012 dat ab ase ships with three full -text indexes already in place . Table 2-1 lists the
columns with full -text indexe s included by default in AdventureWorks2012.

Table 2-1 . Tables with Full-Text Indexes

Table Name

Production.ProductReview Comments

Production. Document DocumentSummary

Production. Document Document

HumanResources.JobCandidate Resume

Using CONTAINS

Column Name

CONTAINS is one of th e funct ions used to search full-text indexes. You will learn more about fu nc tions in
Chap ter 3. The simp les t way to use CONTAINS is to sea rch a column for a part icul ar word or phrase. Here
is th e syntax for CONTAINS:

SELECT <column1>,<column2>
FROM <schema>.<tablename>
WHERE CONTAINS«indexed column>,<searchterm»j

Listing 2-19 shows how to us e CONTAINS. Notice th at the se con d query h as a regul ar pr edicat e in th e
WHERE clause as well. Be sure to type in an d execu te th e code to learn how to us e CONTAINS.

Listing2-19. Using CONTAINS

USE AdventureWorks2012j
GO

--1
SELECT FileName
FROM Production. Document
WHERE Contains(Document, ' i mpor t ant ' ) j

--2
SELECT FileName
FROM Production. Document
WHERE Contains(Document, ' "ser vi ce guidelines " ')

AND DocumentLevel = 2j
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Figure 2-16 displays the results. Notice how double quotes are used within single quotes to
designate a phrase in query 2. Query 2 also demonstrates that both a full -text predicate and a regular
predicate can be used in the same query. You may be wondering why the Documentcolumn is not part of
the results since that is the search term. The document is actually a binary file, such as a Microsoft Word
document, that must be opened by the appropriate application.

Resu s I
-!=========I File arne

1 L~~:~:~·:~~~:.~~~~::~~·~~i.~;~~·~.::~:::J
2 Crank Porm and TII'e r~ aintenance.doc

L3 Lubrication Naintenance.doc

r
------ -

File arne

1 i" 'R~~'~'i;'~~d'S';;::l;;"G;j'd'~'~;~d~';""i
I _ - _.•

Figure 2-16. The results ofa full- text search operation

Using Multiple Terms with CONTAINS
You can use CONTAINS to find words in data that are not even next to each other by using AND, OR, and
NEAR. You can use the operator AND NOT to find results with one term and not another. This syntax is
similar to searches with Google or other search engines. Listing 2-20 demonstrates this technique.

Listing 2-20. Multiple Terms in CONTAINS

USE AdventureWorks2012;
GO

--1
SELECT FileName, DocumentSummary
FROM Production. Document
WHERE Contains(DocumentSummary, 'bicycle AND reflectors');

--2
SELECT FileName, DocumentSummary
FROM Production. Document
WHERE CONTAINS(DocumentSummary, 'bicycle AND NOT reflectors');

--3
SELECT FileName, DocumentSummary
FROM Production. Document
WHERE CONTAINS(DocumentSummary, 'maintain NEAR bicycle AND NOT reflectors');

Figure 2-17 shows the results. In this case, a regular string data column, DocumentSummary, is
searched so that you can verify the results.
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Resu s I
.~~~~~-~--~=~=~~~~~~-~~~~=~=

~ 1 r~~~]~~~~:~~~~~~~~~!~.~~~i.] ~::::~::;safety components ofyourb...

[' ~~~';~~"ob__ end;
2 Lubrication Maintenance.doc Guidelines and recommendations for lubricating l...

3 lnstaning Replacement Pedals.doc Detaffed instructions forreplacing pedals \\ ' h fod ...

r1 r~;~~~~~~~~~-~~~~~~;·.d~~~J ~::p:~:~":;:u maintainyourbicyde a ...

Figure 2-17. The results from using multiple search terms

Searching Multiple Columns
You can search multiple columns or all full-text indexed columns at once without mult iple CONTAINS
pred icate s in the WHERE clause. Use the asterisk to specify that all possible columns are searched, or use a
comma-delimited list in pa rentheses to specify a list of columns. Type in and execute the code in Listing
2-21, which demonstrates these techniques.

Listing 2-21. Using Multiple Colum ns

USE AdventureWorks2012;
GO

--1
SELECT FileName, DocumentSummary
FROM Production. Document
WHERE CONTAINS«DocumentSummary,Document), 'maintain');

--2
SELECT FileName, DocumentSummary
FROMProduction. Document
WHERE CONTAINS«DocumentSummary), 'maintain ')

OR CONTAINS«Document), 'maintain')

--3
SELECT FileName, DocumentSummary
FROM Production .Document
WHERE CONTAINS( *, ' mai nt ai n' ) ;

The list of columns to be searched in query 1 is explicitly listed and contained within an inner set of
parentheses. Query 2 is equ ivalent to que ry 1 by using two CONTAINS expressions, each searching a
different column for the same term. By using the asterisk in que ry 3 within the CONTAINS express ion, all
columns with a full-text index are searched.
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Using FREETEXT
FREETEXT is sim ila r to CONTAINS excep t that it returns rows that don't exactly m atch. It will return ro ws
that have terms with sim ila r m eanings to your search terms by using a thesaurus. FREETEXT is less p recise
than CONTAINS, an d it is less flexibl e. The keywords AND, OR, an d NEAR can 't b e used with CONTAINS. Avoid
u sing double quotes that specify an exact phrase with FREETEXT, bec ause then SQL Serve r wo n ' t use the
thesaurus and will searc h only for the exact phrase. The sa me rules about multiple colum ns apply. Type
in and execu te th e co de in Listing 2-22, which com pares FREETEXT to LIKE.

Listing 2-22. Using FREETEXT

USE AdventureWorks2012
GO

--1
SELECT FileName, DocumentSummary
FROM Production . Document
WHERE FREETEXT«DocumentSummary) , 'prov ides') ;

--2
SELECT FileName, DocumentSummary
FROM Production . Document
WHERE DocumentSummary LIKE '%pr ovides% '

Figure 2-18 displays the resul ts fro m Listing 2-22. The DocumentSummary value in the ro ws returned
fro m query 1 do n ot con ta in the word provides. Query 1 returns the ro ws anyway because FREETEXT will
find sim ila r words as we ll as exact m atches.

_ Resu s I _

[

Fde ame DocumentSummary
j"._ •••_ _ __ _ •••:

1 i Repai and Service Guid es.doc i ~ is important tha you maintain yourbicyde and ...

2 _Lub~on lv aintena~e.d~ GUldeline~ and recommendalJonsforlubncat~t... _

I Fde ame DocumentSummary

Figure 2-18. The resultsfrom using FREETEXT

Full-text search operatio ns can ge t much more complicated th an the information p rovided here.
This was m eant to be an overview of the basic syntax. Be sure to see the book Pro Fu ll-Text Search in SQL
Server 2008 by Hillary Cotter and Michael Coles (Apress, 2008) to learn m ore abou t full -text search.
Practice what you h ave just learned about full-text search by co mple ting Exercise 2-6.

EXERCISE 2-6

Use the AdventureWorks2012 database tocomplete the following tasks. Be sure totake advantage of the
full-text indexes inplace when writing the queries. You can find the solutions inthe Appendix.
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1. Write aquery using the Production.ProductReview table. Use CONTAINS tofind all
the rows that have the word socks inthe Comments column. Return the ProductlD
and Comments columns.

2. Write aquery using the Production.Document table. Use CONTAINS tofind all the
rows that have the word reflector inany column that is indexed with full-text
search. Display the Title and FileName columns.

3. Change the query inquestion 2 so that the rows containing seat are not returned
in the results.

4. Answer this question: when searching a VARBINARY(MAX) column that contains
Word documents, a LIKE search can be used, but the performance will be worse.
True or false?

Sorting Data
So far, you have learned how to retrieve a list of columns from a table an d filter the results. This section
covers how to sort the data that is retrieved using the ORDER BY clause. The ORDER BY clause is the last part
ofthe SELECTstateme nt that the database engine will process.

You can specify one or more columns in the ORDER BY clause separated by commas . The sort order is
ascending by default, but you can specify descending order by using the keyword DESCENDING or DESC
after the column nam e. Here is the syntax for ORDER BY:

SELECT <col umn1>,<col umn2>
FROM<schema> .<tabl ename>
ORDER BY <col umn1>[<sor t di rection>], <column2 > [<sort direction>]

Type in an d execute the code in Listing 2-23 to learn how to use the ORDER BY clause .

Listing 2-23. How to Use ORDER BY

USE Adventure Works2012;
GO

- -1
SELECT ProductID, LocationID
FROMProduct ion.ProductInventory
ORDER BY LocationID;

- -2
SELECT ProductID, LocationID
FROMProduction.ProductInventory
ORDER BY ProductID , LocationID DESC

Figure 2-19 shows the partial resu lts. The rows from query 1 display in order of LocationID. Query 2
returns the results ordered first by Product ID, and then the results are further sorted by LocationID in
descending order.
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1
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1
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3
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7

8

9

Resuhs ..1-1======
ProductlD locationlD

r.5::· ·.~·.· ~ ]
2
3
4

317
318
319

ProductlD locationlD
1""",··························1 50
;......~....__......••.......;

1 6

1 1

2 50

2 6

2 1

3 50

3 6

3 1

Figure 2-19. The results when using the ORDER BYclause

You can also use the ORDER BY clause to reduce the dataset returned by the query. This is helpful
when you have a large table but only need a subset of the rows or your application only requires a small
portion of a given dataset. There are two key words used to return only a subset of the selected rows . The
first is OFFSET and it determines at what row count to start returning data. Type in the code in Listing
2-24 and execute in the query window.

Listing 2-24. How to Use ORDER BY OFFSET

SELECT ProductID, LocationID
FROM Production.Productlnventory
ORDER BY LocationID
OFFSET 10 ROWS;

Figure 2-20 shows the partial results of using the OFFSET command. If you compare the results of
ProductID with the similar query from 2-23 you will notice the result skips the first 10 rows and begins
showing data starting at row 11.
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Resu _s-!I= = = = = =
ProductlD LocalionlD

1 L~.~.~·::::~::::::~J
2 324
3 325

4 326

5 341

6 342

7 343

8 344

9 345

10 346

11 347

112 348

Figure 2-20. Results wh en using the OFFSET clause

An add itional feature allows you to also limit the total rows returned. To do this you use the FETCH
NEXT...ONLYcommand. To use the command, type the keyword s and specify the amount of rows you want
to return. In Listing 2-25, you will run the same query as before but th is time it will only return 10 rows.

Listing 2-25. How to Use ORDER BYFETCH NEXT.. .ONLY

SELECT ProductID, LocationID
FROM Production.Productlnventory
ORDER BY LocationID
OFFSET 10 ROWS
FETCH NEXT 10 ROWS ONLY;

The results in Figure 2-21 are the sam e as in Figure 2-20 but you restricted the dataset to only 10
rows.
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Resu s _ ,"=1=~~~==
ProductlD LocationlD

1 [~.?~:=~::::::=:] 1
2 324 1

3 325 1

4 326 1

5 341 1

6 342 1

7 343 1

8 344 1

9 345 1

10 346 1

Figure 2-21. Results when using the FETCH NEll.. .ONLY clause

• Note Although you used the words NEXT and ROWS inthe OFFSET and the FETCH NEXT clause, you can
replace these with the words FIRST and ROWand still maintain the same results. Those key words are
interchangeable and do not affect the resultset.

You may fin d the ORDER BYclau se easy to use, but you should still p ract ice what you have learned
about sor ting the res ults ofyour qu eries by completing Exercise 2-7.

EXERCISE 2-7

Use the AdventureWorks2012 database tocomplete this exercise and practice sorting the results ofyour
queries. You can find the solutions in the Appendix.

1. Write aquery that returns the business entity ID and name columns from the
Person.Person table. Sort the results by LastName, FirstName, and MiddleName.

2. Modify the query written inquestion 1 so that the data is returned inthe opposite
order.

3. Modify the query written inquestion 1 so that you return only 10rows starting at
row 20.

72



CHAPTER 2 • WRITING SIMPLE SELECT QUERIES

Thinking About Performance
Reading this book and performing the exercises found in each chapter will enable you to become a
proficient T-SQL programmer. You will learn how to write the queries, often in more than one way, to
get results. Often T-SQLdevelopers don 't learn the best way to write a query, and the performance of
their applications and reports suffer. As a result, several chapters of this book, beginning with this
chapter, feature a section on performance to get you thinking about how the statements you write can
affect performance.

Taking Advantage of Indexes
Indexes help the database engine locate the rows that must be returned by a query. In fact, the database
engine will retrieve all the required columns from the index instead of accessing the table if possible. I
am not advocating creating an index on every column, but strategically designed indexes immensely
improve the performance of queries.

When a table contains an index on a column, the database engine will usually use that index to find
the rows for the results if the column appears in the WHERE clause . For example, the Person.Person table
contains an index called IX_Person_LastName_FirstName_MiddleName, which consists of the
LastName, FirstName, and Middle Name columns. To see the index properties, follow these steps:

1. Using SQLServer Management Studio, connect to your SQLServer instance if
you aren't connected already.

2. Expand Databases.

3. Expand AdventureWorks2012.

4. Expand Tables.

5. Expand Person.Person.

6. Expand Indexes.

7. Locate the IX_Person_LastName_FirstName_MiddleName index, and double­
click it to view the properties.

View the index properties in Figure 2-22. Notice that the LastName column appears first in the list.
To take full advantage of this index, the WHERE clause must filter on LastName . Imagine searching a
phone book by first name when you don't know the last name! SQLServer must do the same thing,
looking at each entry in the index, when the query filters on FirstName but not LastName.
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Figure 2-22. The properties ofan index

What happens when you filter on only a nonindexed column? The database engine must check the
value of the column in each row of the table to find the rows meeting the criteria. Again, I'm not
advocating creating an index on every column, and index creation and tuning are both well beyond the
scope of this book. I just want to make you aware that the indexes defined on the table will affect the
performance of your queries.

Viewing Execution Plans
Byusing executio n plans , you can dete rmine whether the database engine utilizes an index to return the
rows in the query. You can also compare the performance of two or more queries to see which one
performs the best. Again, this book doesn 't intend to make you an expert on execution plans but instead
just gets you started using them to help you understand how your query performs.

• Note To learn more about execution plans, see the book SQL Server 2008 QueryPerformance Tuning Distilled
by Grant Fritchey andSajal Dam (Apress, 2009).
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While you have a query window open, click the Include Actual Execution Plan icon (see Figure 2-23)
to turn on this feature for the current session. The setting must be toggled on for each query window; it is
not a permanent setting.

AdventureWorksZO 12

Figure 2-23. Clicking the Include Actual Execution Plan icon

Listing 2-26 contains three queries to demonstrate the differences in performance found depending
on whether SQLServer can take advantage of an index to return the results. Type in and execute the
code in Listing 2-26.

Listing 2-26. Learning How to View Execution Plans

USE AdventureWorks2012;
GO

--1
SELECT LastName, FirstName
FROM Person. Person
WHERE LastName = 'Smith';

--2
SELECT LastName, FirstName
FROM Person. Person
WHERE FirstName = 'Ken';

--3
SELECT ModifiedDate
FROM Person. Person
WHERE ModifiedDate BETWEEN '2005-01-01' and '2005-01-31';

Once the query execution completes, click the Execution Plan tab . Figure 2-24 shows the graphical
execution plans for the three queries. First, take a look at the query cost for each query shown at the top
of each section. The query cost gives you an estimated weight of each query compared to the total. The
numbers should add up to 100 percent.

Query I, which has a relative query cost of apercent, filters the results on the LastName column.
Recall that an index comprised of the LastName, FirstName, and MiddleName columns exists on the
Person.Person table. Because the query filters on the first column in the index, the database engine can
take full advantage of the index; it performs an index seek without scanning the entire index. This is
similar to looking at the phone book when you know the last name; you don't need to look at every page
or every entry to find the name you are looking for. Query 2, which has a relative query cost of 3 percent,
filters the results on the FirstName column. The table has an index that contains the FirstName column,
but since it appears second in the index, SQLServer must perform an index scan. This means that the
database engine must compare the string Ken to every FirstName value in the index. The database was
able to take advantage of the index but not to the fullest extent. Because the index contains both
columns found in the results, the database engine didn't have to touch the actual table, pulling all the
needed data from the index. The execution plan also suggests a new index that will make this query
perform better.

Query 3, which has a relative query cost of96 percent, filters the results on the ModifiedDate
column. The table doesn 't have an index containing this column. To filter the rows, the database engine
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must perform a clustered index scan . The clustered index is the actual table. In th is case, the database
engine had to look at each row of the table to retrieve the result s, which causes the worst possible
performance. Review th e "Understanding Indexes" section in Chapter 1 to learn mor e about clustered
ind exes and indexes in genera l.

Index See k ( NonClus~e redl
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Figure 2-24. The actual execution plans generated from Listing 2-26

Viewing and understanding execution plans will help you learn how writing que ries will affect the
performance of your applica tions and reports. Don 't rush to your database adminis tra tor demanding
changes to the database ind exes in your production database; this section doesn 't int end to teach ind ex
tuning. Think of execution plans as another tool you can use to write better code. To learn more about
how execution plans affect performance, complete Exercise 2-8.

EXERCISE 2-8

Use the AdventureWorks2012 database to complete this exercise. Be sure to turn on the Include Actual
Execution Plan setting before you begin. Type the following code into the query window, and then
complete each question. You can find the solutions inthe Appendix.

USE AdventureWorks2012j
GO
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--1
SELECT LastName
FROM Person. Person
WHERE LastName = ' Smi t h' ;

--2
SELECT LastName
FROMPerson. Person
WHERE LastName LIKE 'Sm%';

--3
SELECT LastName
FROMPerson. Person
WHERE LastName LIKE ' %mith';

--4
SELECT ModifiedDate
FROM Person. Person
WHERE ModifiedDate BETWEEN '2005-01-01' and '2005-01-31';

1. Highlight and run queries 1 and 2. Explain why there is no difference in
performance between the two queries.

2. Highlight and run queries 2 and 3. Determine which query performs the best, and
explain why you think so.

3. Highlight and run queries 3 and 4. Determine which query performs the best, and
explain why you think so.

Summary
The SELECT statement is used to retrieve data from tables stored in SQLServer da tabases. The statement
can be broken down into several parts called clauses. The FROMclause speci fies the table where the data is
stored. The SELECT clause contains a list of columns to be retrieved. To filter the data, use the WHERE
clause. To sort the data, use the ORDER BY clause.

This chapter covered a lot of groun d. especially all the nu ances of the WHEREclau se. Make sure you
rea lly un derstand the material covered in the chapter before con tinuing. Everything you learn
throughout the rest of the book will depend on a thorough knowledge of the basics. The next chapter
explores many of the built-in functions you can use to make data retri eval even more interesting.
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Using Functions and Expressions

Now that you have the knowledge to write simple SELECT statements, it is time to explore some of the
other features of T-SQLthat allow you to manipulate how the data is displayed, filtered, or ordered. To
create expressions in T-SQL, you use functions and operators along with literal values and columns. The
reasons for using expressions in T-SQL code are many. For example, you may want to display only the
year of a column of the DATETI ME data type on a report, or you may need to calculate a discount based on
the order quant ity in an order-en try application. Any time the da ta must be displayed, filtered, or
ordered in a way that is differen t from how it is stored, you can use expressions and functions to
manipulate it.

You will find a very rich and versatile collection offunctions and operators available to create
expressions that man ipulate strings and dates and much more. You can use express ions in the SELECT,
WHERE, and ORDER BY clauses as well as in other clauses you will learn about in Chapter 5.

Expressions Using Operators
You learned how to use several comparison operators in the WHEREclause in Chapter 2. In this section,
you will learn how to use operators to concatenate strings and perform mathem atical calculatio ns in
T-SQLqueries.

Concatenating Strings
The concatenation operator (+) allows you to add together two strings. The syntax is simple: <stri ng or
colu mn name> + <string or column name >. Start up SQLServer Management Studio if it is not already
running, and connect to your developmen t server. Open a new query window, an d type in and execute
the code in Listing 3-1.

Listing3-1 . Concatenating Strings

USE Adventu reWor ks2012;
GO

--1
SELECT 'ab' + 'e ' ;
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--2
SELECT BusinessEntityID, FirstName + ' , + LastName AS "Full Name"
FROM Person. Person;
--3
SELECT BusinessEntityID, LastName + " , + FirstName AS "Full Name"
FROM Person. Person;

Figure 3-1 shows the results of Listing 3-1. Query 1 shows that you can concatenate two strings.
Queries 2 and 3 demonstrate concatenating the LastName and FirstName columns along with either a
space or a comma and space. Notice that you specified the alias, Full Name, to provide a column header
for the result of the expressions combining FirstName and LastName. If you did not provide the alias,
the column header would be (No column name), as in query 1.

Results I
(No column name)•.......•.••..........................................
L~~: ..J

BusinessEntitylD FuU ame

1 [.'.?.~::::::::~'.:'.:~::.'.':.'.'.'.'.'.'.'.'.'.~::::.".1 Syed ,Abbas
2 293 Catherine ,Abel

3 295 Kim ,Abercrombie

4 2170 Kim ,Abercrombie

5 38 Kim P.bercrombie
-- - - - ---::-::::-::::-=--

BusinessEntitylD FuU ame

1 [ ...?.~..:::::::::.~:~:::::::::::.~::..::.....".1 P.bbas. Syed
2 293 P.bel. Catherine

3 295 ,Abercrombie. Kim

4 21 70 ,Abercrombie. Kim

5 38 ,Abercrombie. Kim

6 211 ,Abolrous. Hazem

7 2357 ,Abolrous. Sam

8 297 Acevedo. Humberto

9 291 Achong. Gustavo

Figure 3-1. The results ofqueries concatenating strings

Concatenating Strings and NULL
In Chapter 2 you learned about the challenges when working with NULL in WHERE clause expressions.
When concatenating a string with a NULL, NULL is returned. Listing 3-2 demonstrates this problem. Type
the code in Listing 3-2 into a new query window, and execute it.
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Listing 3-2. Concatenating Strings with N ULL Values

USE AdventureWorks2012;
GO

SELECT BusinessEntityID, FirstName + 0 , + MiddleName +
o , + LastName AS "Full Name"

FROM Person . Person;

Figure 3-2 shows the results of Listing 3-2. The qu ery combines the FirstName, MiddleName, and
LastName columns into a Full Name column. The MiddleName column is optional; th at is, NULL values
are allowed. Only th e rows whe re the MiddleName value has been entered show the expected resul ts.
The rows where MiddleName is NULL return NULL.

Resu s

BusinessEntityID FuU ame

1 1-2&5·_·····_···_·_-] Syed E.Abbas
.................................._............:

2 293 Caherine R..Abel

3 295 NUll
4 2170 Ull
5 38 ~m B,Abercrombie

6 211 Hazem E.Abolrous

7 2357 Ull
8 297 Ull
9 291 NUll
10 299 Ull
11 121 PilarG Ackerman

12 16867 Aaron BAdams

13 16901 Ull
14 16724 AexCAdams

15 10263 exandra J Adams

16 10312 lison l Adams

17 10274 .Amanda P Adams

Figure 3-2. The results of concatenating a string with N ULL

CONCAT
SQL 2012 introduces anothe r powerful tool for concatenating strings . The CONCATsta tement takes any
nu mb er of strings as arguments an d automatically concatenates th em together. The values can be
passed to th e CONCATsta tement as variables or as regular strings. The output is always implicitly
converted to a string datatype. Run th e code in listing 3-3 to see ho w to use the CONCAT statement.
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Listing3-3. CoNCAT Examples

-- Simple CONCAT statement
SELECT CONCAT ('1 " 'love', , writing' , , T-SQL') AS RESULT ;

--Using variable with CONCAT
DECLARE @a VARCHAR(30) = ' My birthday is on
DECLARE @b DATE = '08/25/1980'
SELECT CONCAT (@a , @b) AS RESULT;

--Using CONCAT with table rows
USE AdventureWorks2012
SELECT CONCAT (AddressLine1, PostalCode) AS Address
FROM Person.Address;

The first command simply conca tena tes four separate string values . The second example declares
two variables and then concatenates tho se into a single result. The final example uses the CoNCAT
stateme nt in a SELECT clau se to conca tenate table rows. Figure 3-3 shows the output. I've only showed
the parti al results for the final example.

Re s

kldress

~l..#500:.?~O~~or 5tr.:etK4B 152 _. .... _
2-J #99002700 ProductionWayV5A4Xl

2-J 00. rue 5aint·Lazare59140

.!.J 02. place de Fontenoy91370

2.-.J 035.boulevarddu •ontpamasse91370

.!.-J 081. boulevarddu Montpamasse93400

.2..-J 081. boulevarddu •ontpamasse981

.!.-I 084.boulevarddu r.ontpamasse91940

.!.-J 1Corporate Center Drive33127

J.QJ 1r .Dell Drive97205

J.lJ 1 SmilingTree Court90012

Figure 3-3. Partial Results ofCONCA T Statements
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ISNULL and COALESCE
Two functions are available to replace NULL values with another value. The first function, ISNULL, requires
two parameters: the value to check and the replacement for NULL values. COALESCE works a bit differently.
COALESCE will take any number of parameters and return the first non-NULL value. T-SQL developers often
prefer COALESCE over ISNULL because COALESCE meets ANSI standards, while ISNULL does not. Also ,
COALESCE is more versatile. Here is the syntax for the two functions:

ISNULL«value>,<replacement»
COALESCE«value1>,<value2>, ... ,<valueN»

Type in and execute the code in Listing 3-4 to learn how to use ISNULL and COALESCE .

Listing3-4. Using ISNULL and COALESCE

USE AdventureWorks2012;
GO

--1
SELECT BusinessEntityID, FirstName + ' , + ISNULL(MiddleName,' ') +

, , + LastName AS "Full Name"
FROM Person. Person;
--2
SELECT BusinessEntityID, FirstName + ISNULL(' , + MiddleName,' ') +

, , + LastName AS "Full Name"
FROM Person. Person;

--3
SELECT BusinessEntityID, FirstName + COALESCE(' , + MiddleName,' ') +

, , + LastName AS "Full Name"
FROM Person. Person;

Figure 3-4 shows a partial result of running the code. Query 1 uses the ISNULL function to replace
any missing MiddleName values with an empty string in order to build Full Name. Notice in the results
that whenever MiddleName is missing, you end up with two spaces between FirstName and LastName.
Line 3 in the results of query 1 contains two spaces between Kim and Ambercrombie because a space is
added both before and after the ISNULL function. To correct this problem, move the space inside the
ISNULL function instead of before it: ISNULL(' , + MiddleName,") . Concatenating a space with NULL
returns NULL. When the MiddleName value is NULL, the space is eliminated, and no extra spaces show up
in your results. Instead of ISNULL, query 3 contains the COALESCE function . If MiddleName is NULL, the
next non-NULL value, the empty string, is returned.
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1

2

3
4

5

1

2

3
4

5

6

1

2

3
4

5

6

7

Results

BusinessEntitylD Full ame

["?~.~"".~.'''.'~.~.~.~.'''''.~.'~~.'''''.~.~.'~] Syed E,Abbas
293 Catherine R. .Abel

295 Kim .Abercrombie

2170 Kim ,Abercrombie

38 Kim B,Abercrombie

BusinessEntitylD Full ame
r··············································,
l..3.~ _.._ _J Syed E.Abbas

293 Catherine R. ,Abel

295 Kim .Abercrombie

2170 Kim .Abercrombie

38 Kim B,Abercrombie

211 Hazem E,Abolrous

BusinessEntitylD Full Name

[?.~.~....~.....~.....~...~....~.~~.......~......~] Syed E,Abbas
293 Catherine R. .Abel

295 Kim .Abercrombie

2170 Kim .Abercrombie

38 Kim B,Abercrom .

211 Hazem E,Abolr .

2357 Sam ,Abolrous

Figure 3-4. The results ofusing ISNULL and COALESCEwhen concatenating strings

Concatenating Other Data Types to Strings
To concatenate nonstring values to strings, the nonstring value must be converted to a string. If the
string value can be implicitly converted to a number, the values will be added together instead. Run this
statement to see what happens: SE LECT 1 + '1'; . If the desired result is 11 instead of 2, the numeric
value must be converted to a string using either the CAST or CONVERT function. Ifyou attempt to
concatenate a non-numeric string and a number without converting, you will receive an error message.
Run this example to see the error: SE LECT 1 + 'a';.

Use one of the functions, CAST or CONVERT, to convert a numeric or temporal value to a string. Here is
the syntax:

CAST«value> AS <new data type»
CONVERT«new data type>,<value»

Listing 3-5 demonstrates how to use these functions. Type in and execute the code in a query
window.
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Listing3-5. Using CASTand CONVERT

USE AdventureWorks2012
GO

--1
SELECT CAST(BusinessEntityID AS NVARCHAR) +

+ " , + FirstName AS ID_Name
FROM Person. Person;

, + LastName

--2
SELECT CONVERT(NVARCHAR(10),BusinessEntityID) + '. ' + LastName

+ " , + FirstName AS ID_Name
FROM Person. Person;

--3
SELECT BusinessEntityID, BusinessEntityID + 1 AS "Adds 1",

CAST(BusinessEntityID AS NVARCHAR(10)) + '1'AS "Appends 1"
FROM Person. Person;

Figure 3-5 shows the partial results of running the code. The functions in queries 1 and 2 have very
different syntaxes, but they accomplish the same result.. They both change the BusinessEntityID values
from integers into a string data type (NVARCHAR) so that it can be concatenated to a string. Many
programmers prefer CAST over CONVERT because CAST is compliant with the ANSI SQL-99standard. Query
1 specifies just NVARCHAR as the data type without a size. Bydefault, the maximum length will be 30
characters. Ifyou need to cast TO a value more than 30 characters, you must specify a length argument
greater than 30. Query 3 demonstrates the difference between converting the numeric value and not
converting it. For more information about CONVERT, take a look at the "CONVERT" section later in the
chapter.
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Resu s

10 Name

1 [3.~.!.~~~~~::~i~~==.~]
2 293: ,Abel. Catherine

3 295: ,Abercrombie. Kim

4 2170: ,Abercrombie. Kim

5 38: .Abercrombie. Kim

6 211 : ,Abolrous. Hazem

10 Name

1 1-285~'ftbb~~:'Sy~"-'---"1
~.._..._.._..._.._.__._..._._.._.._.._;

2 293: ,Abel. Catherine

3 295: ,Abercrombie. IWl

4 2170: ,Abercrombie. Kim

5 38: ,Abercrombie. Kim

6 211 :Pbolrous. Hazem
-

BusinessEntityl0 .Adds 1 ,Appends 1

1 [~.'.~?J;.~:':'~~~~~] 16497 164961

2 12506 12507 125061

3 11390 11391 113901

4 10798 10799 107981

5 963 964 9631

6 12283 12284 122831

Figu re 3-5. The partial results ofusing CAST and CONVERT

Developers must often concatenate strings for reports or for loading data from one system to
another. Now practice what you have learned about concatenating strings within aT-SQLquery by
completing Exercise 3-1.

EXERCISE 3-1

Use the AdventureWorks2012 database to complete this exercise. Youcan findthe solutions inthe
Appendix.

1. Writeaquerythat displays inthe "AddressLine1 (City PostaICode)" format from
thePerson.Address table.

2. Write aquery using the Production.Product table displaying the product 10, color,
and name columns. If the color column contains a NULL value, replace the color
with No Color.
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3. Modify the query written inquestion 2 so that the description of the product is
displayed in the "Name: Color" format. Make sure that all rows display avalue
even if the Color value ismissing.

4. Write aquery using the Production.Product table displaying a description with the
"ProductID: Name" format. Hint: You will need to use a function towrite this
query.

5. Explain the difference between the ISNULL and COALESCE functions.

Using Mathematical Operators
You can use several operators to perform simple mathematical operations on numeric values. Use the
plus symbol (+) to perform addition, the minus symbol (-) to perform subtraction, the asterisk (*) to
perform multiplication, and the slash (I) to perform division. One operator that may be new to you is the
modulo (%) operator. The modulo operator returns the remainder when division is performed on the two
values. For example, 5 % 2 returns 1 because 1 is the remainder when you divide 5 by 2. One common
use for modulo is to determine whether a number is odd or even when the second value in the
expression is 2. If the result is I , then the value is odd; if the result is 0, then the value is even. Listing 3-6
shows how to use some of the mathematical operators. Type in and execute the code to see the results.

Listing3-6. Using Mathematical Operators

USE AdventureWorks2012;
GO

--1
SELECT 1 + 1;

--2
SELECT 10 / 3 AS DIVISION, 10 %3 AS MODULO;

--3
SELECT OrderQty, OrderQty * 10 AS Timesl0
FROM Sales.SalesOrderDetail;

--4
SELECT OrderQty * UnitPrice * (1.0 - UnitPriceDiscount)

AS Calculated, LineTotal
FROM Sales.SalesOrderDetail;

--5
SELECT SpecialOfferID,MaxQty,DiscountPct,

DiscountPct * ISNULL(MaxQtyl000) AS MaxDiscount
FROM Sales.SpecialOffer;

Take a look at the results shown in Figure 3-6. Queries 1 and 2 show how to perform calculations on
literal values. Query 3 shows the result of multiplying the values stored in the OrderQty column by 10.
Query 4 compares the precalculated LineTotal column to calculating the value by using an expression.
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The LineTotal column is a "computed column." Computed columns have a property, PERSISTED, that
allows the calculated value to be stored in the table . If the PERSISTED property ofthe column is set to
FALSE, the value is calculated each time the data is accessed. The advantage of storing the calculated
value is that you can add an index on the computed column. The actual formula used in the table
definition looks a bit more complicated than the one I used since it checks for NULL values. The
simplified formula I used requires pa rentheses to enforce the logic, causing subtraction to be performed
before multiplication. Since multiplication has a higher precedence than subtraction, use parentheses to
enforce the intended logic. Query 5 shows how to use the ISNULL function to substitute the value 1000
when the MaxQty is NULL before multiplying by the DiscountPct value .

Resu s I

l_l_[~.:~:~::~~=~~:J"==========I : .g.~~.~~~.=,N ODULO

[1 l...~ __ ::::__J 1
OrderQt)' Times10

1 [.L~=:::~:~:=J 10
2 3 30

3 1 10

4 1 10

5 1 10

6 2 20

Calculated UneTetal

1 [3.~~~;~:~~] 2024.994000
2 6074.982000 6074.982000

3 2024.994 2024.994

4 2039.994 2039.994000

5 2039.994000 2039.994000

6 4079.988000 4079.988000

1

2

3

4

5
6

SpecialOfferiD

[T:·:.~::~::::.:~·~::::::.:::·~·::]
2

3

4

5

6

vlaxOty

ULL

14

24

40

60

ULL

DisceuntPct

0.00

0.02

0.05

0.10

0.15

0.20

MaxDiscount

0.00

0.28

1.20

4.00

9.00

2 .00

Figure 3-6. The results ofusing mathematical opera tors

Practice what you have learned about mathematical operators to complete Exercise 3-2.
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EXERCISE 3-2

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions inthe
Appendix.

1. Write aquery using the Sales.SpecialOffer table. Display the difference between
the MinQty and MaxQty columns along with the SpecialOfferlD and Description
columns.

2. Write aquery using the Sales.SpecialOffer table. Multiply the MinQty column by
the DiscountPct column. Include the SpecialOfferlD and Description columns inthe
results.

3. Write aquery using the Sales.SpecialOffer table that multiplies the MaxQty column
by the DiscountPct column. If the MaxQty value is NULL, replace it with the value
10. Include the SpecialOfferlD and Description columns inthe results.

4. Describe the difference between division and modulo.

Data Type Precedence
When using operators, you must keep the data types of the values in mind. When performing an
operation that involves two different data types, the expression will return values with the data type with
the highest precedence if possible. What value can be rolled into the other value? For example, an INT
can be converted to a BIGINT, but not the other way around. In other words , if a value can be a valid INT,
it is also a valid BIGINT. However, many valid BIGINT values are too big to be converted to INT. Therefore,
when an operation is performed on a BIGINT and an INT, the result will be a BIGINT.

It is not always possible to convert the lower precedence data type to the higher precedence data
type. A character can 't always be converted to a numeric value. For a list of possible data types in order
of precedence, see the article "Data Type Precedence" in SQLServer 's help system, Books Online .

Using Functions
So far, this chapter has covered using operators along with columns and literal values to create
expressions. To get around issues concerning NULL values and incompatible data types within an
expression, you were introduced to several functions: ISNULL, COALESCE, CAST, and CONVERT. This section
covers many other built-in functions available with SQLServer 2012.

The functions you will learn about in this chapter return a single value. The functions generally
require one or more parameters. The data to be operated on can be a literal value, a column name, or
the results of another function. This section covers functions to manipulate strings, dates, and numeric
data. You will also learn about several system functions and how to nest one function within another
function.

Using String Functions
Youwill find a very rich set ofT-SQLfunctions for manipulating strings. You often have a choice of
where a string will be manipulated. If the manipulation will occur on one of the columns in the select-
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list, it might make sense to utilize the client to do the work if the manipulation is complex, but it is
possible to do quite a bit of manipulation with T-SQL. You can use the string functions to clean up data
before loading it into a database. This section covers many of the commonly used string functions . You
can find many more in Books Online.

RTRIM and LTRIM
The RTRIM and LTRIM functions remove spaces from the right side (RTRIM) or left side (LTRIM) of a string.
You may need to use these functions when working with fixed-length data types (CHAR and NCHAR) or to
clean up flat-file data before it is loaded from a staging database into a data warehouse. The syntax is
simple.

RTRIM«string»
LTRIM«string»

Type in and execute the code in Listing 3-7. AdventureWorks2012The first part of the code creates
and populates a temporary table. Don't worry about understanding that part of the code at this point.

Listing3-7. Using RTRIM and LTRIM

--Create the temp table
CREATE TABLE #trimExample (COLi VARCHAR(lO))j
GO
--Populate the table
INSERT INTO #trimExample (COLi)
VALUES ('a '),('b '),(' c'),(' d ')j

--Select the values using the functions
SELECT COLi, '*' + RTRIM(COL1) + '*' AS "RTRIM",

'*' + LTRIM(COLl) + '*' AS "LTRIM"
FROM #trimExamplej

--Clean up
DROP TABLE #trimExamplej

Figure 3-7 shows the results of the code. The INSERT statement added four rows to the table with no
spaces (a), spaces on the right (b), spaces on the left (c), and spaces on both (d). Inside the SELECT
statement, you will see that asterisks surround the values to make it easier to see the spaces in the
results. The RTRIM function removed the spaces from the right side; the LTRIM function removed the
spaces from the left side. T-SQL doesn't contain a native function that removes the spaces from both
sides of the string, but you will learn how to get around this problem in the section "Nesting Functions"
later in the chapter.
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Resu s I -
COLl RTRIM LTRIM

1 [~=~.~=:] "a" "a"

2 b b " b "

3 c " c" "c"

4 d " d" "d "

Figure3-7. The results ofusing RTRIM and LTRIM

LEFT and RIGHT
Th e LE FT and RIGHT functions return a sp ecified number of characte rs on the left or right side of a string .
Developers use th ese functions to parse strings. For exam ple, you m ay need to retrieve the three­
character exte nsi on fro m file path dat a by using RIGHT. Take a look at th e syntax .

LEFT«string>, <number of characters)
RIGHT«string>, <number of characters)

Listing 3-8 demonst rat es ho w to use th ese functions . Type in and execu te th e code .

Listing3-8. The LEFT and RIGHT Functions

bercrornbie bere rnbie

Acevedo Aceve vedo

Ackennan Acker nnan

,Alexander Aexa nder

Ben Ben Ben7

USE AdventureWorks2012;
GO
SELECT LastName,LEFT(LastName,5) AS "LEFT",

RIGHT(LastName,4) AS "RIGHT"
FROM Person . Person
WHERE BusinessEntityID IN (293,295,211,297,299,3057,15027);

Figure 3-8 shows the res ults . Notice that even if the valu e conta ins fewer characters th an the
number specified in th e second parameter, th e fu nction still works to return as many characters as
po ssibl e.

Resu s -,"I_~_~--=~~~
Last arne LEFT RIGHT

1 [···;b···j;;;·_····_····_·1 ftbolr rous
......_~ _~~_ _J

2 ,Abel ,Abel ,Abel

3
4

5

6

Figure3 -8. The results ofusing LEFT and RIGHT
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LEN and DATALENGTH
Use LEN to return the number of characters in a str ing. Developers som etimes use another funct ion,
DATALENGTH, inc o rrec tly in place of LEN. DATALENGTH return s th e number of bytes in a stri ng. DATALENGTH
returns the same value as LEN when the str ing is a CHAR or VARCHAR data type, which takes one byte pe r
character. Th e problem occurs when using DATALENGTH on NCHAR or NVARCHAR dat a types, which take two
byes p er characte rs . In this case, the DATALENGTH value is two times th e LEN value . This is not incorrect;
th e two functions m easure differ ent things. Th e syntax is very simple.

LEN«string»
DATALENGTH«string»

Type in and exec ute the code in List ing 3-9 to lea rn ho w to use LEN and DATALENGTH.

Listing3-9. Using the LEN and DATALENGTH Func ti ons

USE AdventureWorks2012;
GO

SELECT LastName,LEN(LastName) AS "Length",
DATALENGTH(LastName) AS "Data Length"

FROM Person. Person
WHERE BusinessEntityID IN (293,295,211,297,299 ,3057,15027);

Figu re 3-9 shows the results. Th e Length column displays a count of th e characte rs, while th e Dat a
Length column displays th e number of bytes.

Resutts l
Last ame Length Data Length

1 L§~.~~·~.·.·.·.·.·.·.·.·.·:.·.·] 8 16

2 ,Abel 4 8

3 ,Abercrombie 11 22
4 Acevedo 7 14

5 Ackennan 8 16

6 ,Alexander 9 18

7 BeD 4 8

Figure3-9. The results ofusing LEN and DATALENGTH

CHARINDEX
Use CHAR INDEX to find th e numeric sta rting po sition of a search string inside an other string. By checkin g
to see whe ther th e value returned by CHARINDEX is greate r than zero, you can use th e function to just
det ermine whether th e search strin g exists inside the secon d value. Developers oft en use CHAR INDEX to
locate a p art icular characte r, such as the at sym bol (@) in an e-mail address colum n, along with other
funct ions when parsing str ings. You will learn more about th is in the "Nesting Functions" sec tion later in
th e ch apter. Th e CHARINDEX function requires two paramet er s: th e search string an d th e string to be
searc he d. An optional paramet er , th e sta rt loc ation, instructs the function to ignore a given number of
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characters at th e beginning ofthe str ing to be searched. The following is the syntax; remem ber that the
third parameter is optional (square br ackets surround optional parameter s in the syntax):

CHARINDEX«search string>,<target string>[ ,<start location>])

Listing 3-10 demonst rat es ho w to use CHARINDEX. Type in and execu te th e code to learn ho w to use
thi s function.

Listing 3-10. Using CHARINDEX

USE AdventureWorks2012;
GO
SELECT LastName, CHARINDEX('e',LastName) AS "Find e",

CHARINDEX('e' ,LastName,4) AS "Skip 4 Characters" ,
CHARINDEX('be',LastName) AS "Find be" ,
CHARINDEX(' Be' , LastName) AS "Fi nd B"

FROM Person. Person
WHERE BusinessEntityID IN (293 ,295,211,297,299 ,3057,15027);

Figure 3-10 shows the res ults. The Find e column in th e results d ispl ays the first locat ion of the letter
e in the LastNarne value. The Skip 4 Characte rs column displ ays th e first loc ation of the letter e wh en th e
first four characte rs of the LastName valu e are igno red . Finally, th e Find be column demonst rates th at
you can use the function with search strings th at are more than one character in length. Notice how "Be"
returns a value of "Bell". This is due to the case sensitivity of the Adve n tureWorks2012 dat ab ase, which
differentiat es be twe en an upper and lowercase "b."

Resuks

LastName Find e Skip 4 Charad ers Find be Find Be

1 [~.~!.~'~'~.'.'.':::::::.'.] 0 0 0 0

2 .Abel 3 0 2 0

3 .Abercrombie 3 11 2 0

4 Acevedo 3 5 0 0

5 Ackerman 4 4 0 0

6 .A exander 3 8 0 0

7 Bell 2 0 0 1

Figure3-10. The results ofusing CHARINDEX

SUBSTRING
Use SUSTRING to return a portion of a string sta rting at a given po sition and for a spe cified number of
chara cters . For exam ple, an order- entry application m ay ass ign a cus tomer ID based on the first seven
letters of th e cus tomer's last nam e plus digits 4-9 of th e phone number. The SUBSTRING function requ ires
th ree paramet ers: th e stri ng, a starting locat ion, and th e number of characters to re trieve . If th e nu mber
of characte rs to retrieve is greate r than the length of the string , the function will return as m any
chara cters as po ssible. Here is th e syn tax of SUBSTRING:

SUBSTRING«string>,<start location> ,<length»
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Type in and execute the cod e in List ing 3-11 to lea rn how to use SUBSTRING.

Listing 3-11. Using SUBSTRING

USE AdventureWorks2012;
GO
SELECT LastName, SUBSTRING(LastName,1 ,4) AS "First 4" ,

SUBSTRING(LastName,s,50) AS "Char act er s 5 and later"
FROM Person . Person
WHERE BusinessEntityID IN (293,295 ,211 ,297 ,299 ,3057 ,15027);

Notice in th e results (Figure 3-11) th at if th e starting po int is locat ed after th e available characters
(Abel and Bell), an empty string is returned. Oth erwise, in th is example. th e FirstName column is divided
into two strings.

Resu~s

LastName Rrst 4 Charad ers 5 and la er

1
1-·············_·····_···_····,
l..~.?~~~~_._.__....l ;'bol rous

2 ;'bel ;'bel

3 ,Abercrombie ;'ber crombie

4 Acevedo k ev edo

5 Ackerman Acke rman

6 .Alexander .Alex ander

7 BeD BeD

Figure 3-11. The results ofusing SUBSTRING

CHOOSE
CHOOSE is a new fun ction in SQL 2012 which allows you to select a value in an array based off an index.
The CHOOSE function requires an index value and list of values for th e array. Here is th e basic syntax
for the CHOOSE function.

CHOOSE ( index, val_1, val_2 [, val_n ] )

The index simply points to the position in th e array th at you want to return. Listing 3-12 shows a
basic example.

Listing 3-12. Using the CHOOSE Function

SELECT CHOOSE (4, 'a ', 'b ", c, 'd ', ' e' , ' f ' , ' g ' , 'h ", 'i ')

Figure 3-12 shows th e results. Keep in mind th at th e results tak e th e highest datatyp e precendence.
This mean s if th ere is an integer in the list th en the CHOOSE function will try to convert any results to an
integer. If th e value is a string th en th e CHOOSE command will throw an error. You will need to conve rt
any interger values in the array to varch ar to avoid th is er ror.
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essages I

Figure 3-12. Result from CHOOSEFunction

REVERSE
REVERSE returns a string in reverse order. I often use it along with the RIGHT function to find a file name
from the file's path. I use REVERSE to find the last backslash in the path, which then tells me how many
characters, minus 1, on the right side of the string I need to grab. The same method can be used to parse
an e-mail address. To see how to do this, see the example in the "Nesting Functions" later in the
chapter. Type in and execute this code to learn how to use REVERSE:

SELECT REVERSE(' !dlroW ,olleH')

UPPER and LOWER
Use UPPER and LOWER to change a string to either uppercase or lowercase. You may need to display all
uppercase data in a report, for example. The syntax is very simple.

UPPER«string»
LOWER«string»

Type in and execute the code in Listing 3-13.

Listing 3-13. Using UPPERand LOWER

USE AdventureWorks2012;
GO
SELECT LastName, UPPER(LastName) AS "UPPER",

LOWER(LastName) AS "LOWER"
FROM Person. Person
WHERE BusinessEntityID IN (293,295,211,297,299,3057,15027);

Take a look at the results in Figure 3-13 . All LastName values appear in uppercase in the UPPER
column, while they appear in lowercase in the LOWER column.
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Resu s I
last Name UPPER LOWER

1 r!.~~~~::::=] ABOLROUS abolrous

2 .Abel ABEL abel

3 .Abercrombie ABERCRO BIE abercrombie

4 Acevedo ACEVEDO acevedo

5 Ackerman ACKERI,AN ackennan

6 .A exander ALEXANDER alexander

7 Bell BELL bell

Figure3-13. The partial results ofusing UPPERand LOWER

• Note You may think that you will use UPPER or LOWER often inthe WHERE clause to make sure that the case of
the value does not affect the results, but usually you don't need to do this. By default, searching inT-Sal iscase
insensitive. The collation of the column determines whether the search will be case sensitive. This isdefined at the
server, but you can specify a different collation of the database, table, orcolumn. See "Workingwith Collations" in
Books Online for more information.

REPLACE
Use REPLACE to substitute one string value for anothe r. REPLACE has three required parameters, but it is
very easy to use. Use REPLACE to clean up data; for example, you may need to replace slashes (I) in a
phone number column with hyph en s (-) for a repor t. Here is the syntax:

REPLACE«string value> ,<str ing to r epl ace>,<r epl acement»

Type in an d execute the cod e in Listing 3-14 to learn how to use REPLACE.

Listing 3-14. Using REPLACE

USE AdventureWorks2012 ;
GO

- -1
SELECT LastName, REPLACE(LastName, 'A', 'Z') AS "Repl ace A",

REPLACE (LastName, 'A' , 'ZZ') AS "Replace with 2 characters" ,
REPLACE(LastName, 'ab ',' ') AS "Remove string"

FROMPerson. Person
WHERE BusinessEntityID IN (293,295 ,211 , 297, 299,3057 ,15027);
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--2
SELECT BusinessEntityID,LastName, MiddleName,

REPLACE(LastName, 'a ' , Mi ddl eName) AS "Replace with MiddleName" ,
REPLACE(LastName,MiddleName, 'a') AS "Repl ace MiddleName "

FROM Person . Person
WHERE Bus inessEnt ityID IN (285,293 ,10314);

Notice in th e results (Figure 3-14) that the REPLACE function replaces every ins tance of the string to
be replaced. It doesn 't matter if th e strings in th e second and th ird parameter are not th e same length, as
shown in Replace with 2 charac ters. The Remove string example shows a convenient way to remove a
character or characters from a string by replacing with an empty string represented by two sing le quotes.
Because th e last name Bell doesn't contain any of th e values to be replaced , th e value doesn 't change .

Query 2 demonstrat es that th e seco nd and third parameters don' t have to be literal values by using
th e MiddleName column either as th e string to replace in th e Replace MiddleName colu mn or as th e
repl acement in th e Replace with MiddleNa me column.

Hesuts I
LastName ReplaceA Replacewith 2characters Remove string, r'ftb~i~~'~""'-'-"j Zbolrous ZZbolrous .Abolrous

~--_......_._._._........:
2 .Abel Zbel ZZbel .Abel

3 .Abercrombie Zbercrombie ZZbercrombie .Abercrombie

4 k evedo Zcevedo ZZcevedo k evedo

5 Ackennan Zckennan ZZckennan Ackennan

6 .A exander Z1exander ZZ1exander .A exander

7 BeD BeD BeD Bell

Replace.... h Iv iddleName

.AbbEs

.Abel

AdMms
I:p~;:~' ~.
Figure 3-14. The partial results of using REPLACE

Nesting Functions

Replace ddleName

.Abbas

.Abel

dams

The previous sec tion showed how to use one function at a time to manipul ate strings. If th e results of
one express ion must be used as a parameter of anothe r function call, you can nest functions . For
example, you can nes t the LTRIM an d RTRIM functions to remove the spaces from the beginning and ending
of a string like this: LTRIM(RTRIM(' test '». Keep in mind when writing nested functions you work from
th e inside ou t. The inne r-most function is executed first an d th e outer fun ctions execute agai ns t th e
results. Let 's look at some examples . Type in and execute the exam ple sh own in Listing 3-15 to display
th e dom ains in a list of e-mail addresses an d th e file name from a list of file path s.
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Listing 3-15. Nesting Functions

USE AdventureWorks2012;
GO

--1
SELECT EmailAddress,

SUBSTRING(EmailAddress,CHARINDEX('@' , EmailAddress) + 1,50) AS DOMAIN
FROM Production.ProductReview;

--2
SELECT EmailAddress,
RIGHT(EmailAddress, CHARINDEX('@', REVERSE(EmailAddress))-l) AS DOMAIN
FROM Production.ProductReview;

Figure 3-15 shows the results. Query 1 first uses the CHARINDEX function to find the location of the at
symbol (@) . The results of that expression are used as a parameter to the outer SUBSTRING function . To
display the characters after the @symbol, add 1 to the position of the @symbol.

Query 2 produces the same results but uses different commands. The query performs a SELECT
command from the Production.ProductReview table. After the SE LECT the inner REVERSE function
reverses the string value. Then the outer CHARINDEX finds the location of the @ symbol and subtracts one
character to remove it from the results. By using that result as the second parameter of the RIGHT
function, the query returns the domain name. When writing a query like this, take it a step at a time and
work from the inside out. You may have to experiment a bit to get it right.

Resu s
-- - -------------------

1

2

3

4

EmailAddress DOr~ AI

1 [j?.~~.~~.~~~~~~:~;.~.~~::.:...~.:~.:...:::::.:.~:::.:] fourthcoffee.com

2 david@graphicdesigninsf ute.com graphicdesigninstitute.com

3 jill@margiestravel.com margiestravel.com

4 laura@treyresearch.net treyresearch.ne

Figure 3-15. The results ofusing nested functions

This section covered a sample of the many functions available to manipulate strings in T-SQL.
Complete Exercise 3-3 to practice using these functions.
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EXERCISE 3-3

Use the AdventureWorks2012 database tocomplete this exercise. If you need help, refer to the discussion
of the functions to help you figure out which ones to use. You can find the solutions tothese questions in
the Appendix.

1. Write aquery that displays the first10charactersof the AddressLine1 column in
the Person.Addresstable.

2. Write aquerythatdisplays characters 10to15ofthe AddressLine1 column in the
Person.Address table.

3. Writeaquery displaying the first and last names from the Person.Person table all
in uppercase.

4. The ProductNumber in the Production.Product table contains a hyphen (-). Write a
query that uses the SUBSTRING function and the CHARINDEX function to display the
characters in the product number following the hyphen. Note: there is also a
second hyphen in many ofthe rows; ignore the second hyphen forthis question.
Hint: Try writing this statement in two steps, the firstusing the CHARINDEXfunction
and the second adding the SUBSTRING function.

Using Date Functions
Just as T-SQLfeatures a rich set of functions for working with string data, it also boasts an impressive list
of func tions for working with date and time data types . In this sectio n, you'll take a look at some of the
most commonly used func tions for date and time data.

GETDATE and SYSDATETIME
Use GETDATE or SYSDATETIME to return the current date and time of the server. The difference is that
SYSDATETIMEreturns seven decimal places after the second, while GETDATE returns only three places . You
may see zeros filling in some of the right digits if your SQLServer is installed on Vista-54 instead of
another operating system.

GETDATE and SYSDATETIME are nondeterministicfunctions. This means that they return differen t
values each time they are called. Most of the funct ions in this chapter are deterministic, which mea ns
that a function always returns the same value when called with the same parameters and database
setti ngs. For example, the code CHARINDEX( 'B 0 , ' abed ' ) will always return 2 if the collation of the
database is case inse nsitive. In a case -sensitive database, the expression will return O.

Run this code severa l times to see how these func tions work:

SELECT GETDATE(), SYSDATETI ME();
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DATEADD
Use DATEADD to add a number of time units to a date. The function requires three parameters: the date
part, the number, and a date. T-SQLdoesn 't have a DATESUBTRACT function, but you can use a negative
number to accomplish the same thing. You might use DATEADD to calculate an expiration date or a date
that a payment is due , for example. Table 3-1 from Books Online lists the possible values for the date
part parameter in the DATADD function and other date functions. Here is the syntax for DATE ADD:

DATEADD « dat e part>,< number> ,<date»

Tab le 3-1. The Values for the Date Part Parameter

Date Part Abbreviation

Year yy,y yyy

Quarter qq,q

Month mm,m

Dayofyear dy, y

Day dd,d

Week wk, ww

Weekday Dw

Hour Hh

Minute mi,n

Second SS, s

Millisecond Ms

Microsecond Mes

Nanosecond Ns

Type in and execute the code in Listing 3-16 to learn how to use the DATE ADD function.
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Listing 3-16. Using the DATEADD Function

Use AdventureWorks2012
GO
--1
SELECT OrderDate, DATEADD(year,l,OrderDate) AS OneMoreYear,

DATEADD(month,l,OrderDate) AS OneMoreMonth,
DATEADD(day,-l,OrderDate) AS OneLessDay

FROM Sales.SalesOrderHeader
WHERE SalesOrderID in (43659,43714,60621);
--2
SELECT DATEADD(month,l, '1/29/2009') AS FebDate;

Figure 3-16 shows the results of Listing 3-16. In query I, the DATEADD function adds exactly the time
unit specified in each expression to the OrderDate column from the SaIes.SaIesOrderHeader table.
Notice in the results of query 2 that since there is no 29th day of February 2009, adding one month to
January 29,2009, returns February 28, the last possible day in February that year.

Resu~s I
OrderDate OneMoreYear

L~~~7.:§T.§.§.:~.~!&·;~] 2006-07·01 00:00:00.000
2005-07'(}5 00:00:00.000 2006-07·0500:00:00.000

2007·12·23 00:00:00.000 2008-12·23 00:00:00.000

FebDate
1..·_···_··_·············..····..·_·······_····..····_····....j

L.~9-0~:?~..~:~~:~J

OneMoreMonth

2005.()8.()100:00:00.000

2005-0S'(}5 00:00:OO.000
200S.(}1·23 00:00:00.000

OneLessDay

2005-lJ6.3000:00:00.000
2005-07.()4 00:00:00.000

2007·12·22 00:00:00.000

Figure 3-16. The results ofusing the DATEADDfunction

DATEDIFF
The DATEDIFF function allows you to find the difference between two dates. The function requires three
parameters: the date part and the two dates. The DATEDIFF function might be used to calculate how
many days have passed since unshipped orders were taken, for example. Here is the syntax:

DATEDIFF«datepart>,<early date>,<later date»

See Table 3-1 for the list of possible date parts. Listing 3-17 demonstrates how to use DATEDIFF. Be
sure to type in and execute the code.
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Listing3-17. UsingDATEDIFF

Use AdventureWorks2012;
GO

--1
SELECT OrderDate, GETDATE() Cur rentDateTime,

DATEDIFF(year,OrderDate,GETDATE(» AS YearDiff ,
DATEDIFF(month,OrderDate,GETDATE(» AS MonthDiff,
DATEDIFF(day,OrderDate ,GETDATE(» AS DayDiff

FROM Sales .SalesOrderHeader
WHERE SalesOrderID in (43659 ,43714,60621);

--2
SELECT DATEDIFF(year, '12/31/2008 ', '1/ 1/ 2009 ' ) AS YearDiff,

DATEDIFF(month, '12/31/2008', ' 1/ 1/ 2009' ) AS Mont hDi f f ,
DATEDIFF(day , '12/31/2008' , ' 1/ 1/ 2009' ) AS DayDiff;

DayDiff

2091

2087

1186

68

68

39

MonthDiff

6

6
4

YearD

1

2

3

Figure 3-17 shows the results. Your resul ts fro m query 1 will b e d iffer ent fro m mine since the query
uses GETDATEO , a n ondeterministic fu nction, inst ead of h ard-coded dates or d ates from a table . Even
though query 2 co m pares the difference b etween two dates that are just one day apart, the di fferences in
years and m onths are bo th 1. The DATEDIFF ro unds up the result to th e nearest integer and doesn 't
disp lay dec im al resu lts.

_ Resuhs _",1==========================
OrderDate CurrentDateTime

r" ioo5:07~,"ooj)O~ooj)OO--1 2011 .Q3-23 07:31:46.513
~ _ _ ;

2 5-07.Q5 OO:00:00.000 2011 ·03-23 07:31 :46.513

2007·12·23 00:00:00.000 2011 .Q3·23 07:31:46.513

DayDiff

1

Figure 3-1 7. The results ofusing DATEDIFF

DATENAME and DATEPART
The DATE NAME an d DATE PART functions return the part of the date specifie d . Developers use the DATE NAME
an d DATE PART funct ions to display jus t the year or month on reports, for example. DATE PART always
returns a n umeric val ue. DATENAME returns the actual n ame when the date part is the month or the d ay of
the week. Again, you can fin d the possible da te parts in Table 3-1. The syntax for the two functions is
similar.

DATENAME«datepart>, <date»
DATEPART«datepart>, <date»

Type in and execu te the co de in Listing 3-18 to lea rn h ow to u se DATENAME.
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Listing3-18. Using DATENAME and DATEPART

Use AdventureWorks2012
GO
--1
SELECT OrderDate, DATEPART(year,OrderDate) AS OrderYear,

DATEPART(month,OrderDate) AS OrderMonth,
DATEPART(day,OrderDate) AS OrderDay,
DATEPART(weekday,OrderDate) AS OrderWeekDay

FROM Sales .SalesOrderHeader
WHERE SalesOrderID in (43659,43714,60621);

--2
SELECT OrderDate, DATENAME(year,OrderDate) AS OrderYear,

DATENAME(month,OrderDate) AS OrderMonth,
DATENAME(day,OrderDate) AS OrderDay,
DATENAME(weekday,OrderDate) AS OrderWeekDay

FROM Sales.SalesOrderHeader
WHERE SalesOrderID in (43659,43714,60621);

OrderWeekDay

6
3

1

OrderDay

1

5

23

7

12

1

2

3

Figure3-18 displaysthe results. You willsee that the results are the same except for spelling out the
month and weekday in query 2. One other thing to keep in mind is that the value returned from DATE PART
is always an integer, while the value returned from DATE NAME is always a string, even when the expression
returns a number.

Res~tts -1..1=========================
OrderDate OrderYear Order onth

L·.~.~.~?~.~.·.·.~:·~.~~·;~.·~.] 2005 7
2005-07-05 00:00:00.000 2005

2007·12·23 00:00:00.000 2007

~
rderDate OrderYear

1 r'200S:0'7~ol" O(iOiioo'~ooo" " ! 2005
\. ;

2 2005-07·05 00:00:00.000 2005

3 2007·1 2·23 00:00:00.000 2007

Orderl~ onth

Ju~'

July

December

OrderDay

1

5

23

OrderWeekDay

Friday

Tuesday

Sunday

Figure 3-18. Results ofusing DATENAME and DATEPART

DAY, MONTH, and YEAR
The DAY, MONTH, and YEAR functions work just like DATE PART. These functions are just alternate ways to get
the day, month, or year from a date. Here is the syntax:

DAY«date»
MONTH«date»
YEAR«date»

103



CHAPTER 3 • USING FUNCTIONS AND EXPRESSIONS

Type in and execute the code in Listing 3-19 to see that thi s is just another way to get the same
results as using the DATE PART fun ction.

Listing 3-19. Using the DA Y, MONTH, and YEARFuncti ons

Use AdventureWorks2012
GO

OrderDay

1

5
23

7

7

12

1

2

3

SELECT OrderDate, YEAR(OrderDate) AS OrderYear,
MONTH(OrderDate) AS OrderMonth,
DAY(OrderDate) AS OrderDay

FROM Sales .SalesOrderHeader
WHERE SalesOrderID in (43659,43714,60621)j

Figure 3-19 displays th e result s of the cod e from Listing 3-19. If you take a look at the result s of qu ery
1 from Listing 3-18 that used the DATE PART function , you will see tha t they are the same.

Resuks I
J.=.===============

OrderDate OrderYear Orderl.onth

[...~~.!.~!.~~.:.~~.~~~::J 2005
2005-07·05 00:00:00.000 2005

2007·12·23 00:00:00.000 2007

Figure 3-19. The result of using YEAR, M ONTH, and DAY

CONVERT
You learned about CONVERT earlier in the chapter when I talked about concatenating strin gs. To append a
number or a date to a string, the number or dat e mu st first be cast to a string. The CONVERT fun ction has
an optional parameter called style that can be used to format a dat e.

I have frequently see n code that used the DATE PART function to break a dat e into its parts and then
cast the parts into strings an d concatenate the m back together to format the date. It is so much easier
just to use CONVERT to accomplish the same thing!Here is the syntax:

CONVERT«data type, usually varchar>, <date>,<style»

Type in and execute the code in Listing 3-20 to compare both methods offormatting dates. Take a
look at the SQLServer Books Online article "CAST and CONVERT" for a list of all the possible formats.

Listing 3-20. Using CONVERT to Format a Date/Tim e Value

--1 The hard way !
SELECT CAST(DATEPART(YYYY,GETDATE()) AS VARCHAR) + '/ ' +

CAST(DATEPART(MM,GETDATE()) AS VARCHAR) +
' / ' + CAST(DATEPART(DD,GETDATE()) AS VARCHAR) AS DateCast j

--2 The easy way!
SELECT CONVERT(VARCHAR,GETDATE(),lll) AS DateConvertj
--3
USE AdventureWorks2012
GO
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SELECT CONVERT(VARCHAR,OrderDate,l) AS "1",
CONVERT(VARCHAR,OrderDate,101) AS "101",
CONVERT(VARCHAR,OrderDate,2) AS "2",
CONVERT(VARCHAR,OrderDate,102) AS "102"

FROM Sales.SalesOrderHeader
WHERE SalesOrderID in (43659,43714,60621);

Figure 3-20 shows the results of Listing 3-20 . Notice in query 1 that you not only had to use DATE PART
three times, but you also had to cast each result to a VARCHAR in order to concatenate the pieces back
together. Query 2 shows the easy way to accomplish the same thing. This method is often used to
remove the time from a DATETIME data type. Query 3 demonstrates four different formats. Notice that the
three-digit formats always produce four-digit years.

Results t
-'--============

~ r'i~\~3"" '1I ._ _ _.

~~~-.:~.-.::::-]-----
,

1 101

[~.?~~~?~.~::J 07/0112005
07/05/05 07/0512005
12123107 1212312007

2
05.07.01

05.07.05

07.12.23

102

2005.07.01

2005.07.05

2007.12.23

Figure 3-20. The results offormatting dates

FORMAT
SQL Server 2012 introduces the FORMAT function. The primary purpose is to simplify the conversion of
date/time values as string values. Another purpose of the format function is to convert date/time values
to their cultural equivalencies. Here is the syntax:

FORMAT ( value, format [, culture] )

The FORMAT function greatly simplifies how date/time values are converted, and it should be used for
date/time values instead of the CAST or CONVERT functions . Listing 3-21 shows some examples.
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Listing 3-21. FORMATFunction Examples

DECLARE @d DATETIME = GETDATE();

SELECT FORMAT( @d, 'dd', 'en-US' ) AS Result;
SELECT FORMAT( @d, 'diMly', 'en-US' ) AS Result;
SELECT FORMAT( @d, 'dd/MM/yyyy', 'en-US' ) AS Result;

Figure 3-21 shows the results. Keep in mind the letters for each part of the date are case sensitive.
For example ifyou switch mm for MM you will get back minutes instead of months.

Resu s

~
~lt..~~~.~.3....1
rr=l.~~;~.~.~...1

Figure 3-21. FORMAT Function Results

SQL2012 also introduces a simple method to derive a date, time , or date and time from a list of
values . The primary function is called DATEFROMPARTS but there is also a version of the function for
time, and date and time . Listing 3-22 shows some examples.

Listing 3-22. DATEFROMPARTS Examples

SELECT DATEFROMPARTS(2012, 3, 10) AS RESULT;
SELECT TIMEFROMPARTS(12, 10, 32, 0, 0) AS RESULT;
SELECT DATETIME2FROMPARTS (2012, 3, 10, 12, 10, 32, 0, 0) AS RESULT;

Figure 3-22 shows the results from each function. The first function returns only the date. The
TIMEFROMPARTS function returns a time . Finally, the DATETIME2FROMPARTS returns both a date
and a time. If a value is out of the range of either a date or time, for example you put 13 for the month
value, the function will throw an error.
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Figure 3-22. Results fro m DATEFROMTIMEfunctions

This section covered a sample of the functions available for manipulating dates. Practice what you
have learned by completing Exercise 3-4.

EXERCISE 3-4

Use the AdventureWorks2012 database to complete this exercise. You can find the solutions tothe
questions in the Appendix.

1. Write aquery that calculates the number ofdays between the date an order was
placed and the date that it was shipped using the Sales.SalesOrderHeader table.
Include the SalesOrderlD, OrderDate, and ShipDate columns.

2. Write aquery that displays only the date, not the time, for the order date andship
date inthe Sales.SalesOrderHeader table.

3. Write aquery that adds six months toeach order date inthe
Sales.SalesOrderHeader table. Include the SalesOrderlD and OrderDate columns.

4. Write aquery that displays the year ofeach order date and the numeric month of
each order date inseparate columns in the results. Include the SalesOrderlD and
OrderDate columns.

5. Change the query written inquestion 4 to display the month name instead.

Using Mathematical Functions
You can use several mathematical func tions on numeric values. These include trigonometric functions
such as SINand TAN and logarithmic functions that are not used frequen tly in business applications . This
section discusses some of the more commonly used mathematical functions.
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ASS
The ABS function returns the absolute value ofthe number-the difference between the number and
zero. Type in and execute this code to see how to use ABS:

SELECT ABS(2) AS "2", ABS(-2) AS "-2"

POWER
The POWER function returns the power of one number to another number. The syntax is simple.

POWER«number>,<power»

There may not be many uses for POWER in business applications, but you may use it in scientific or
academic applications. Type in and execute the code in Listing 3-23.

1000

Ten to the Third

f1

Listing 3-23. Using POWER

SELECT POWER(10,1) AS "Ten to the First",
POWER(10,2) AS "Ten to the Second",
POWER(10,3) AS "Ten to the Third";

Figure 3-23 displays the results. The POWER function returns a FLOAT value. Caution must be taken,
however, with this function. The results will increase in size very quickly and can cause an overflow
error. Try finding the value of 10 to the 10th power to see what can happen.

Results ['=- ~~-~~-~~-----..,
Ten to the FII'St Ten to the Second

L.i§~.·~:~.~~.·.~:~~:~:.:·.] 100

Figure3-23. The results ofusing POWER

SQUARE and SQRT
The SQUARE function returns the square of a number, or the number multiplied to itself. The SQRT
function returns the opposite, the square root of a number. Type in and execute the code in Listing 3-24
to see how to use these functions .

Listing 3-24. Using the SQUARE and SQRT Functions

SELECT SQUARE(10) AS "Squar e of 10",
SQRT(10) AS "Square Root of 10",
SQRT(SQUARE(10)) AS "The Square Root of the Square of 10";

Figure 3-24 shows the results. Notice that the third expression in the query is a nested function that
squares 10 and then takes the square root ofthat result.
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Square of 10 Square Root of 10

L·.~.·§<!.·"""".·.·.:·.·""".·.::·.·""".·.:·] 3.16227766016838

The Square Root ofthe Square of 10

10

Figure 3-24. The results ojusing SQUARE and SQRT

ROUND
The ROUND function allows you to round a number to a given precision. The ROUND function is used
frequently to display only the number of decimal places required in the report or application. The ROUND
function requires two parameters, the number and the length, which can be either positive or negative.
It also has an optional third parameter that causes the function to just truncate instead of rounding if a
nonzero value is supplied. Here is the syntax:

ROUND«number>,<length>[,<function>])

Type in and execute the code in Listing 3-25 to learn how to use ROUND.

Listing 3-25. Using ROUND

SELECT ROUND(1234.1294,2) AS "2 places on the right",
ROUND(1234.1294,-2) AS "2 places on the left",
ROUND(1234.1294,2,1) AS "Truncate 2",
ROUND(1234.1294,-2,1) AS "Truncate -2";

You can view the results in Figure 3-25 . When the expression contains a negative number as the
second parameter, the function rounds on the left side of the decimal point. Notice the difference when
1 is used as the third parameter, causing the function to truncate instead of rounding. When rounding
1234.1294, the expression returns 1234.1300. When truncating 1234.1294, the expression returns
1234.1200. It doesn't round the value; it just changes the specified digits to zero.

Results

2places on the right 2places on the left Truncate 2 Truncate ·2

['.~".~.~.;:~:~~:::::~~:::::=~'J 1200.0000 1234.1200 1200.0000

Figure 3-25. The results ofusing ROUND

RAND
RAND returns a float value between 0 and 1. RAND can be used to generate a random value. This might be
used to generate data for testing an application, for example. The RAND function takes one optional
integer parameter, @seed. When the RAND expression contains the seed value, the function returns the
same value each time. If the expression doesn 't contain a seed value, SQL Server randomly assigns a
seed, effectively providing a random number. Type in and execute the code in Listing 3-26 to generate a
random numbers.
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Listing 3-26. Using RAND

SELECT CAST(RANDO * 100 AS INT) + 1 AS "1 to 100" ,
CAST(RANDO * 1000 AS INT) + 900 AS "900 to 1900",
CAST(RANDO * 5 AS INT)+ 1 AS "1 to 5";

Since the function returns a floa t value, multiply by the size of the range, an d add the lower limit
(see Figure 3-26). The first expressio n returns random numbers between 1 and 100. The second
expressi on returns ran dom num bers between 900 an d 1,900. The th ird expressi on returns random
values between 1 and 5.

Results I
-'-== = =-= = =

1to 100 9OO to 1900
i""'S9················! 1658
\. ;

Figure 3-26. The results of generating random numbers with RAND

If you supply a seed value to one of the calls to RAND within a batch of sta tements, that seed affects
the other calls. The value is not the same, but the values are predictable. Run this sta teme nt several
times to see wha t happens when a seed value is used:

SELECT RAND(3),RAND(),RAND().

Just like strings and dates, you will find several functions that man ipulate numbers. Practice using
these functions by completing Exercise 3-5.

EXERCISE 3-5

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions tothe
questions in the Appendix.

1. Write aquery using the Sales.SalesOrderHeader table that displays the SubTotal
rounded to two decimal places. Include the SalesOrderlD column in the results.

2. Modify the query from question 1 so that the SubTotal is rounded tothe nearest
dollar but still displays two zeros to the right of the decimal place.

3. Write aquery that calculates the square root of the SalesOrderlD value from the
Sales.SalesOrderHeader table.

4. Write astatement that generates a random number between 1 and 10each time it
is run.
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System Functions
T-SQL features many other built-in functions. Some are specific for administering SQL Server, while
others are very useful in regular end user applications, returning information such as the database and
current usernames. Be sure to review the "Functions" topic in Books Online often to discover functions
that will make your life easier.

The CASE Function
Use the CASE function to evaluate a list of expressions and return the first one that evaluates to true. For
example, a report may need to display the season of the year based on one of the date columns in the
table. CASE is similar to Select Case or Switch used in other programming languages, but it is used inside
the statement.

There are two ways to write a CASE expression: simple or searched. The following sections will
explain the differences and how to use them.

Simple CASE

To write the simple CASE statement, come up with an expression that you want to evaluate, often a
column name, and a list of possible values. Here is the syntax:

CASE <test expression>
WHEN <comparison expression1> THEN <return value1>
WHEN <comparison expression2> THEN <return value2>
[ELSE <value3>] END

Type in and execute the code in Listing 3-27 to learn how to use the simple version of CASE.

Listing3-27. Using Simple CASE

USE AdventureWorks2012;
GO
SELECT Title,

CASE Title
WHEN 'Mr.' THEN 'Male'
WHEN 'Ms.' THEN 'Female'
WHEN 'Mrs.' THEN 'Female'
WHEN 'Miss' THEN 'Female'
ELSE 'Unknown' END AS Gender

FROM Person. Person
WHERE BusinessEntityID IN (1,5,6,357,358,11621,423);

Figure 3-27 shows the results. Even though the CASE statement took up a lot of room in the query, it
is producing only one column in the results. For each row returned, the expression evaluates the Title
column to see whether it matches any of the possibilities listed and returns the appropriate value. If the
value from Title doesn't match or is NULL , then whatever is in the ELSE part of the expression is returned.
Uno ELSE exists , the expression returns NULL.

III



CHAPTER 3 • USING FUNCTIONS AND EXPRESSIONS

Gender

1 Unknovm

2 Ms. Female

3 Iv r. Ivale

4 I s. Female

5 Sr. Unknown

6 Iv rs. Female

Figure3-27. The resultsofusing simple CASE

Searched CASE

Developers often used the searched CASE syntax when the expression is too complicated for the simple
CASE syntax. For example, you might want to compare the value from a column to several IN lists or use
greater-than or less-than operators. The CASE statement returns the first expression that returns true.
This is the syntax for the searched CASE:

CASE WHEN <test expression1> THEN <value1>
WHEN <test expression2> THEN <value2>
[ELSE <value3>] END

Type in and execute the code in Listing 3-28 to learn how to use this more flexible method of using
CASE.

Listing 3-28. UsingSearchedCASE

SELECT Title,
CASE WHEN Title IN ('Ms.', 'Mrs.', 'Miss') THEN 'Female'
WHEN Title = ' Mr . ' THEN ' Mal e'
ELSE 'Unknown' END AS Gender

FROM Person. Person
WHERE BusinessEntityID IN (1,5,6,357,358,11621,423);

This query returns the same results (see Figure 3-28) as the one in Listing 3-27. The CASE function
evaluates each WHEN expression independently until finding the first one that returns true. It then returns
the appropriate value. If none of the expressions returns true, the function returns the valu e from the
ELSE part or NULL if no ELSE is available.
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Tdle Gender

l""N'u'LCi Unknown
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I. s. Female

Mr. Male

I. s. Female

Sr. Unknown

Ins. Female
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Figure 3-28. The results ofusing searched CASE

One very important note about using CASE is that the return values must be of compatible data
types. For example, you can't have one part of the expression returning an integer while another part
returns a non-numeric string. Precedence rules apply as with other operations.

Listing a Column as the Return Value

It is also possible to list a column name instead of hard-coded values in the THEN part of the CASE
function. This means that you can display one column for some of the rows and another column for
other rows. Type in and execute the code in Listing 3-29 to see how this works.

Listing 3-29. Returning a Column Name in CASE

USE AdventureWorks2012;
GO

SELECT VacationHours,SickLeaveHours,
CASE WHEN VacationHours > SickLeaveHours THEN VacationHours
ELSE SickLeaveHours END AS 'More Hours'

FROM HumanResources.Employee;

In this example (see Figure 3-29), if there are more VacationHours than SickLeaveHours, the query
displays the VacationHours column from the HumanResources.Empoyee table in the More Hours
column. Otherwise, the query returns the SickLeaveHours.
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VacationHours SickLeaveHours More Hours

1 L~~.·:.~:::~:.·.::·:::::.·.·:::::::.·.·.:·] 69
2 1 20

3 2 21

4 48 80
5522

6 6 23
7 61 50

8 62 51

9 63 51

10 16 64

99

20

21

80
22

23
61

62

63

64

Figure 3-29. The results ofreturning a column from CASE

IIF
SQL2012 introduces one easier method of writing a simple CASE statement. In SQL2012 you can now
use an IIF statement to return a result based on whether or not a Boolean expression is true or false. To
create an IFF stateme nt you need a Boolean express ion and the values to return based on the results .
Here is the basic syntax for the IIF statement.

IIF ( boolean_expression, tru e_val ue, false_val ue)

Execute the code in Listing 3-30. The first IIF statement is a simple execution while the second IFF
shows how you can introduce varibles into the statement.

Listing 3-30. lIP Statement

--IIF Stat ement without var i ables

SE LECT !IF (50 > 20, 0 TRUE ', 0 FALSE') AS RESULT ;

--IIF Stat ement with variables

DECLARE @a INT = 50
DECLARE @b INT = 2S
SE LECT !IF (@a > @b, 0 TRUE ' , 0 FALSE') AS RE SULT;

Figure 3-30 shows the results. Keep in mind that all rules which apply to CASE statements also apply
to IIF statements.
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Resu s 1

Figure 3-30. Results ofIFF Statements

COALESCE
You learned about COALESCE earlier in th e chapter in the "Concatenating Stri ngs and NULL" section.
You can use COALESCE with other dat a typ es as well and with any number of argumen ts to return the first
non-NULL value . You can use th e COALESCE function in place of ISNULL. If a list of values must be evaluated
in stead of one value, you m ust use COALESCE inst ead of ISNULL. COALESCE m ay be used when
conca tenating strings or any time th at a replacement for NULL must be found. Typ e in and execute the
code in Listing 3-31 to learn more about COALESCE .

Listing 3-31. Using COALESCE

USE AdventureWorks2012;
GO

SELECT ProductID,Size, Color,
COALESCE(Size, Color, ' No color or size ') AS 'Description'

FROM Production. Product
where ProductID in (1,2,317,320,680,706) ;

Figure 3-31 displ ays the results. Th e COALESCE expression first checks th e Size value and then the
Color value to find the first non-NULL value. Ifboth values are NULL , then the string No color or size is
ret urned.

Resuhs I
ProductlD Size Color Description

1
I"".,....._...................j NULL

NULL o coloror size......................- .........;

2 2 ULL NULL o coloror size

3 317 NULL Black Black

4 320 ULL S~ver Silver

5 680 58 Black 58

6 706 58 Red 58

Figure 3 -31. The results ofusing COALESCE
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Admin Functions
T-SQL contains m any ad m inis trat ive fun ct ions that are useful fo r developers. SQL Server also has many
fun ct ions that help database admin ist rato rs manage SQL Server; these fu nc tions are beyond th e scope of
this book. Listing 3-32 shows a few exa m ple s of functions that return information abou t the curren t
co nnectio n such as the dat abase name and application.

Listing 3-32. A Few System Functions

SELECT DB NAME() AS "Dat abase Name ",
HOST_NAME 0 AS "Host Name",
CURRENT USER AS "Current User ",
USER_NAMEO AS "User Name",
APP_NAME 0 AS "App Name";

Take a look at Figure 3-32 for m y results; your results will probably be differ ent. Wh en I ran the
query, I was connected to the Adven tureWorks2012 datab ase on a co m puter named WIN -5RUBLZ7G773
as the dbo (dat ab as e owner) us er while u sing Management Stu dio.

anagement Studio ' QUei)'

Figure 3-32. The resul ts ofusing system functions

In add it ion to the fu nctions used to manipulate stri ngs, dates, and numbers, you will find many
sys te m functions. Some of these work on differ ent types of dat a, such as CASE, while other s provid e
information abou t the curre n t connection. Adm inistrators can m anage SQL Server using dozens of
sys tem fu nc tions not covered in thi s book. Com plete Exercise 3-6 to pract ice using th e sys te m fu nctions
covered in th is section.

EXERCISE 3-6

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions tothe
questions in the Appendix.

1. Write aquery using the HumanResources.Employee table todisplay the
BusinessEntitylD column. Also include aCASE statement that displays "Even"
when the BusinessEntitylD value isan even number or "Odd" when it isodd. Hint:
Use the modulo operator.

2. Write aquery using the Sales.SalesOrderDetail table todisplay avalue ("Under
10"or "10- 19" or "20- 29" or"30- 39" or "40 and over" ) based on the OrderQty
value by using the CASE function. Include the SalesOrderlD and OrderQty columns
in the results.

3. Using the Person.Person table, build the full names using the Title, FirstName,
MiddleName, LastName, and Suffix columns. Check the table definition tosee
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which columns allow NULL values and use the COALESCE function on the
appropriate columns.

4. Look up the SERVERPROPERTY function inBooks Online. Write astatement that
displays the edition, instance name, and machine name using this function.

Using Functions in the WHERE and ORDER BY Clauses
So far you have seen functions used in the SELECT list. You may also use functions in the WHERE and ORDER
BY clauses. Take a look at Listing 3-33 for several examples.

Listing 3-33. Using Functions in WHERE and ORDERBY

USE AdventureWorks2012;
GO

--1
SELECT FirstName
FROM Person. Person
WHERE CHARINDEX('ke' ,FirstName) > 0;

--2
SELECT LastName,REVERSE(LastName)
FROM Person. Person
ORDER BY REVERSE(LastName);

--3
SELECT BirthDate
FROM HumanResources.Employee
ORDER BY YEAR(BirthDate);

Figure 3-33 shows the results of Listing 3-34. Even though it is very easy to use a function on a
column in the WHERE clause, it is important to note that performance may suffer.lfthe database designer
created an index on the searched column, the database engine must evaluate each row one at a time
when a function is applied to a column.
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Resu s

FlI'St ame

1 i'-Bi~k~'-"" " "'-" 'i
t......................._.......:

2 Luke

3 lvackenzie

4 Luke

5 Blake

6 Luke

Last ame (I 0 column name)
:......_............._....._...

1 ! Skjcnaa 1 aancjkS
........................._......:

2 Lyeba abeyL

3 Vaca acaV

4 Okada adakO

5 Osada adasO

6 Osada adasO

BirthDale

1 r5~~T~~:!·!.]
2 1946-06-13

3 1946·1().29

4 1946.()4'()3

5 1947-06-01

6 1948-05-25

7 1949-03'()2

Figure 3-33. The results ofusing fu nctions in the WHERE and ORDER BY clauses

Practice using fun ctions in the WHERE and ORDER by clauses by completing Exercise 3-7.

EXERCISE 3-7

Use the AdventureWorks2012 database tocomplete this exercise. You will find the solutions tothe
questions in the Appendix.

1. Write aquery using the Sales.SalesOrderHeader table todisplay the orders placed
during 2001 by using a function. Include the SalesOrderlD and OrderDate columns
in the results.
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2. Write aquery using the Sales.SalesOrderHeader table listing the sales inorder of
the month the order was placed and then the year the order was placed. Include
the SalesOrderlD and OrderDate columns in the results.

3. 3. Write aquery that displays the PersonType and the name columns from the
Person.Person table. Sort the results so that rows with a PersonType of IN , SP, or
SC sort by LastName. The other rows should sort by FirstName. Hint: Use the CASE
function.

The TOP Keyword
Use the TOP keyword to limit the number or percentage of rows returned from a query. TOP has been
around for a long time , but beginning with the release of SQLServer 2005, Microsoft has added several
enhance me nts. TOP original ly could be use d in SELECT statements only. You could not use TOP in a DELETE,
UPDATE, or INSERT stateme nt. The number or percentage specified had to be a hard- coded value . SQL
Server 2012You can use TOP in data mani pulation statements and use a variable to specify the number or
percen tage or rows . Here is the syntax:

SELECT TOP«number» [PERCENT] [WITH TIES] <col l> ,<co12>
FROM<t abl el> [ORDER BY <COIl> ]

DELETE TOP«number» [PERCENT] [FROM] <t abl el>

UPDATE TOP«number» [PERCENT] <t abl el> SET <coI l> = <val ue>

INSERT TOP«number» [PERCENT] [INTO] <t abl el> «coll>,<co12»
SELECT <co13> ,<co14> FROM<tabl e2>

INSERT [INTO] <t abl el> «coll>,<co12»
SELECT TOP«numbers» [PERCENT] <co13>,<co14>
FROM<t abl e2>
ORDER BY <coI l>

The ORDER BY clause is optio nal with the SE LECT stateme nt, but most of the time, you will use it to
determine which rows the query returns. A scena rio you may want to select random rows is if you need
to select sample data in order to populate a test environme nt. Otherwise, it rarely makes sense to request
the TOP N ran dom rows. Usually one sor ts by some criteria in order to get the TOP N rows in that
sequence.

The ORDER BY clause is not valid with DELETE and UPDATE. The WITH TIES option is valid on ly with the
SELECT sta tement. It means that, ifthere are rows that have identical values in the ORDER BY clause, the
results will include all the rows even tho ugh you now en d up with more rows than you expec t. Type in
and execute the code in Listing 3-34 to learn how to use TOP.
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Listing 3-34. Lim iting Results with TOP

USE AdventureWorks2012;
GO

--1
IF OBJECT_ID('dbo.Sales ') IS NOT NULL BEGIN

DROP TABLE dbo.Sales;
END;

--2
CREATE TABLE dbo.Sales (CustomerID INT, OrderDate DATE,

SalesOrderID INT NOT NULL PRIMARY KEY);
GO

--3
INSERT TOP(S) INTO dbo .Sales(CustomerID,OrderDate,SalesOrderID)
SELECT CustomerID, OrderDate, SalesOrderID
FROMSales .SalesOrderHeader;

- -4
SELECT CustomerID, OrderDate, SalesOrderID
FROMdbo.Sales
ORDER BY SalesOrderID;

- -S
DELETE TOP(2) dbo.Sales

--6
UPDATE TOP(2) dbo.Sales SET CustomerID = CustomerID + 10000;

--7
SELECT CustomerID, OrderDate, SalesOrderID
FROMdbo.Sales
ORDER BY SalesOrderID;

- -8
DECLARE @Rows INT = 2;
SELECT TOP(@Rows) CustomerID, OrderDate, SalesOrderID
FROMdbo.Sales
ORDER BY SalesOrderID;

Figure 3-34 shows the results. Code section 1drops the dbo.Sales table if it exists. Statement 2
creates the table. Statement 3 inserts five rows into the dbo.Sales table. Using TOP in the INSERT part of
the statement doesn't allowyou to use ORDER BY to determine which rows to insert. To control which
rowsget inserted, moveTOP to the SE LECT statement. Query 4 shows the inserted rows. Statement 5
deletes two of the rows. Statement 6 updates the CustomerlD of two of the rows. Query 7 shows how the
data looks after the delete and update. Code section 8 shows how to use a variable with TOP.
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I ~

CustomerlD OrderDate
1"""29825··················1 2005-07-01
t ;

29672 2005-07-01

29734 2005-07-01

29994 2005-07-01

29565 2005-07-01

CustomeriD OrderDate
1"""39-734········---··12005-07-01
t _.__ ;

39994 2005-07-01

29565 2005-07-01

CustomerlD OrderDate

[...~~!.~.....~........~.......] 2005-07-01
39994 2005-07-01

SalesOrderiD

3659

43660

43661

43662

43663

SalesOrderiD

3661

43662

3663

SalesOrderiD

43661

43662
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Figure 3-34. The results ofusing TOP

• Note Microsoft recommends using the OFFSET and FETCH clauses instead ofTOP as apaging solution and to
limitthe amount ofdata sent toa client. OFFSET and FETCH also allow more options, including the use ofvariables.

Ranking Functions
Ranking functions introduced with SQLServer 2005 allow you to assign a number to each row returned
from a query. For example, suppose you need to include a row number with each row for display on a
web page . You could come up with a method to do this , such as inserting the query results into a
temporary table that includes an IDENTITY column, but now you can create the numbers by using the
ROW_NUMBER function. During your T-SQLprogramming career, you will probably find you can solve
many query problems by including ROW_NUMBER. Recently I needed to insert several thousand rows into a
table that included a unique ID. Iwas able to add the maximum ID value already in the table to the result
of the ROW_NUMBER function to successfully insert the new rows. Along with ROW_NUMBER, this section covers
RANK, DENSE_RANK, and NTILE.

Using ROW_NUMBER
The ROW_NUMBER function returns a sequential numeric value along with the results of a query. The
ROW_NUMBER function contains the OVER clause, which the function uses to determine the numbering
behavior. You must include the ORDER BY option, which determines the order in which the function
applies the numbers. You have the option of starting the numbers over whenever the values of a
specified column change, called partitioning, with the PARTITION BY clause. One limitation with using
ROW_NUMBER is that you can 't include it in the WHERE clause. To filter the rows, include the query containing
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ROW_NUMBER in a CTE (you willlearn about common table expressions in Chapter 10), and then filter on
the ROW_NUMBER alias in the outer query. Here is the syntax:

SELECT <C011>,<co12> ,
ROW NUMBER() OVER([PARTITION BY <col1>, <co12 >]

-ORDER BY <C011> ,<co12» AS <RNalias>
FROM <tablel>

WITH <cteName> AS (
SELECT <col 1> , <co12>,

ROW_NUMBER() OVER([PARTITION BY <C011>,<co12>]
ORDER BY <C011>,<co12» AS <RNalias>

FROM<table1»
SELECT <C011>,<co12> , <RNalias>
FROM <t abl el>
WHERE <criteria including RNalias>

Type in and execute Listing 3-35 to learn how to use ROW_NUMBER.

Listing 3-35. Using ROW_NUMBER

USE AdventureWorks2012;
GO

--1
SELECT CustomerID, FirstName + ' 0 + LastName AS Name,

ROW_NUMBER() OVER (ORDER BY LastName, FirstName) AS Row
FROMSales.Customer AS c INNER JOIN Person.Person AS p
ON c. PersonID = p.BusinessEntityID;

--2
WITH customers AS (

SELECT CustomerID, FirstName + ' 0 + LastName AS Name,
ROW_NUMBER() OVER (ORDER BY LastName, FirstName) AS Row

FROMSales .Customer AS c INNER JOIN Person. Person AS p
ON c.PersonID = p.BusinessEntityID
)

SELECT CustomerID, Name, Row
FROMcustomers
WHERE Row > 50
ORDER BY ROw;

--3
SELECT CustomerID, FirstName + ' 0 + LastName AS Name , c.TerritoryID,

ROW_NUMBER() OVER (PARTITION BY c.TerritoryID
ORDER BY LastName , FirstName) AS Row

FROMSales.Customer AS c INNER JOIN Person.Person AS p
ON c.PersonID = p.Bus inessEntityID;

Figure3-35 shows the partial results. Query 1 assigns the row numbers in order of LastName,
FirstName to the queryjoining the Sales.Customer table to the Person.Person table. Each row in the
results contains a unique row number.
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1

2
3
4

5

1

2
3
4

5

Results
~=============

CustomeriD ame Row
r294SS--····_··1Catherine .Abel 1
~.._._._._....._._.._._...;

29486 Kim .Abercrombie 2

29487 Humberto Acevedo 3

29484 GustavoAchong 4

29488 PilarAckerman 5
-

CustomeriD ame Row
r29030-···_···_·i Jeremy Adams 51
t.._ .._..... _._._ ._._._... ;

17172 Jesse Adams 52

28247 JonathanAdams 53

16377 JordanAdams 54

20387 JordanAdams 55
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-----
CustomertD ame TemtOl}'ID Row

1
r····_·······__······_·!

1 1L3.!.~~~_...___j flJex Adams
2 13280 BaileyAdams 1 2

3 28678 Ben Adams 1 3

4 26598 O1arlesAdams 1 4

5 19410 Chloe Adams 1 5

Figure 3·35. The partial results of using ROW_NUMBER

Query 2 demonstrates how you can include the row number in the WHERE clause by using a CTE.The
CTE in query 2 contains the same code as query 1. Now the Row column is available to you to use in the
WHERE clause just like any other column. Byusing th is technique, you can apply the WHERE clau se to the
results of the ROW_NUMBER fun ction , an d only the rows with a row num ber exceeding 50 appear in the
results.

Query 3 uses th e PARTITION BY op tion to start the row numbers over on each TerritoryID. The results
shown in Figure 3·30 show the end of TerritoryID 1 and the beginning of TerritoryID 2.

Using RANK and DENSE_RANK
RANK and DENSE_RANK are very simi lar to ROW_NUMBER. The difference is how the functions deal with ties in
the ORDER BY value s. RANK assigns the same nu mber to the duplicate rows an d skips num bers not used .
DENSE_RANK doesn 't skip numbers. For example, if rows 2 and 3 are duplicates, RANK will supply the values
1, 3, 3, and 4, and DENSE_RANKwill supply the values 1, 2, 2, and 3. Here is the syntax:

--1 RANK exampple
SELECT <COIl>, RANK() OVER([PARTITION BY <co12>,<co13>] ORDER BY <COl1> ,<co12»
FROM<tablel>

- -2 DENSE_RANK example
SELECT <co12>, DENSE RANK() OVER([PARTITION BY <co12>,<co13> ]

ORDER BY <COl1>,<co12»
FROM<tablel>
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Type in and execute the cod e in List ing 3-36 to lea rn how to use RANK and DENSE_RANK.

Listing 3-36. Using RANKand DENSE_RANK

USE AdventureWorks2012;
GO

SELECT CustomerID,COUNT(*) AS CountOfSales,
RANK() OVER(ORDER BY COUNT( *) DESC) AS Ranking,
ROW_NUMBER() OVER(ORDER BY COUNT( *) DESC) AS Row,
DENSE RANK() OVER(ORDER BY COUNT( *) DESC) AS DenseRanking

FROMSales.SalesOrderHeader
GROUP BY CustomerID
ORDER BY COUNT( *) DESC;

Figure 3-36 shows the partial results. The query compares ROW_NUMBER to RANK and DENSE_RANK. In
eac h express ion, th e count of th e sales for eac h customer determines th e order of th e numbers.

-
Resu s I

CustomeriD CountOfSales Ranking Row DenseRanking

1 r-l·1"o9i-··_·_·······! 28 1 1 1
l_...._ ........._..._.J

2 11176 28 1 2 1

3 11185 27 3 3 2

4 11200 27 3 4 2

5 11223 27 3 5 2

6 11262 27 3 6 2

7 11276 27 3 7 2

8 11277 27 3 8 2

9 11287 27 3 9 2

10 11300 27 3 10 2

11 11330 27 3 11 2

12 11331 27 3 12 2

13 11711 27 3 13 2

14 11566 25 14 14 3

15 11211 17 15 15 4

16 11212 17 15 16 4

17 11203 17 15 17 4

Figure3-36. The partial results of using RANKand DENSE_RANK

Using NTILE
While th e other ranking functions supply a row nu mb er or rank to eac h row, the NTILE fun ction assig ns
bucket s to groups of rows. For exam ple, suppose the Adventur eWorks company wa nts to divide up
bonus money for th e sales staff. You can use the NTILE fun ction to divide up the m on ey based on the
sales by each employee . Here is the syntax:
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SELECT <COIl>, NTILE«buckets» OVER([PARTITION BY <COl1>,<col1>]
ORDER BY <col1>,<co12» AS <alias>

FROM <table1>

Type in and execute Listing 3-37 to learn how to use NTILE.

Listing 3-37. Using NTILE

USE AdventureWorks2012;
GO

SELECT SalesPersonID,SUM(TotalDue) AS TotalSales,
NTILE(10) OVER(ORDER BY SUM(TotalDue)) * 10000/COUNT(*) OVER() AS Bonus

FROM Sales.SalesOrderHeader
WHERE SalesPersonID IS NOT NULL

AND OrderDate BETWEEN '1/1/2005' AND '12/31/2005'
GROUP BY SalesPersonID
ORDER BY TotalSales;

Figure 3-37 shows the results. The query returns the sum of the total sales grouped by the
SalesPersonID for 2005 . The NTILE function divides the rows into 10 groups, or buckets, based on the
sales for each salesperson. The query multiplies the value returned by the NTILE expression by 10,000
divided by the number ofrows to determine the bonus amount. The query uses the COUNT(*) OVERO
expression to determine the number of rows in the results. See "Th e OVER Clause" in Chapter 5 to
review how this works.

I
1

2
3
4

, 5

6

7

8

9

10

SalesPerson10 TotalSales
1""274--'----'-'-'-'-'1 32567.9155
.._._._.._._.. _.__.._.. _.. _._!

278 532111 .8814

283 570467.7098

280 684031.4513

275 846580.2377

281 999685.163

282 1170079.0677

276 1288179.9682

277 1404871.479

279 1555332.8072

Bonus

1000

2000

3000

4000

5000

6000

7000

8000

9000
10000

Figure 3-37. The results ofusing NTILE

The salespeople with the lowest sales get the smallest bonuses. The salespeople with the highest
sales get the biggest bonuses. Notice that the smaller values have two rows in each bucket, but the last
three buckets each have one row. The query must produce ten buckets, but there are not enough rows to
divide the buckets up evenly.
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Thinking About Performance
In Chapter 2 you learned how to use execution plans to compare two or more queries and determine
which query uses the least resources or , in other words, performs the best. In this chapter, you will see
how using functions can affect performance. Review the "Thinking About Performance" section in
Chapter 2 if you need to take another look at how to use execution plans or to brush up on how SQL
Server uses indexes.

Using Functions in the WHERE Clause
In the section "Using Functions in the WHERE and ORDER BYClauses, " you learned that functions can
be used in the WHERE clause to filter out unneeded rows. Although I am not saying that you should never
include a function in the WHERE clause, you need to realize that including a function that operates on a
column may cause a decrease in performance.

The Sales.SalesOrderHeader table does not contain an index on the OrderDate column. Run the
following code to create an index on the column. Don't worry about trying to understand the code at this
point.

USE AdventureWorks2012
GO
--Add an index
IF EXISTS (SELECT * FROM sys.indexes WHERE object_id

OBJECT_ID(N'[Sales].[SalesOrderHeader]')
AND name = N'DEMO SalesOrderHeader OrderDate')

DROP INDEX [DEMO SalesOrderHeader OrderDate]
ON [Sales].[SalesOrderHeader]-WITH ( ONLINE = OFF );

GO
CREATE NONCLUSTERED INDEX [DEMO SalesOrderHeader OrderDate]

ON [Sales].[SalesOrderHeader] -
([OrderDate] ASC);

Toggle on the Include Actual Execution Plan setting before typing and executing the code in
Listing 3-38 .

Listing 3-38. Compare the Performance When Using a Function in the WHERE Clause

USE AdventureWorks2012;
GO

--1
SELECT SalesOrderID, OrderDate
FROM Sales.SalesOrderHeader
WHERE OrderDate >= '2005-01-01 00:00:00'

AND OrderDate (= '2006-01-01 00:00:00';
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--2
SELECT SalesOrderID, OrderDate
FROM Sales.SalesOrderHeader
WHERE YEAR(OrderDate) = 2005j

Query 1 finds all the orders placed in 2005 without using a function. Query 2 uses the YEAR function
to return the same results. Take a look at the execution plans (Figure 3-38) to see that query 1 performs
much better with a query cost of7 percent. When executing query 2, the database engine performs a
scan of the entire index to see whether the result of the function applied to each value meets the criteria.
The database engine performs a seek of the index in query 1 because it just has to compare the actual
values, not the results of the function for each value.

Index Seek ( onC1ust;ered)
[ Sa 1e s Or de r He ad e r] .[ EMO_Sa1esOrder_

cese : 10 0 .

S:::I.:::cr
COSt;: 3 ~

Index So n (Hon Cl u s t;e r e d l
[ Sa 1e sO:::de r He ade :::] . [ D:::!-IO_ Sa 1 e s O:::d e :::._

Cos't.: s ~

Figure 3-38. The execution plans showing that using a function in the WHERE clause can affect

performance

Remove the index you created for this demonstration by running this code:

IF EXISTS (SELECT * FROM sys.indexes WHERE object_id
OBJECT_ID(N'[Sales].[SalesOrderHeader]')
AND name = N'DEMO SalesOrderHeader OrderDate')

DROP INDEX [DEMO SalesOrderHeader OrderDate]
ON [Sales].[SalesOrderHeader]-WITH ( ONLINE = OFF )j

Run Listing 3-38 again now that the index is gone. Figure 3-39 shows that with no index on the
OrderDate column, the performance is almost identical. Now the database engine must perform a scan
of the table (in this case, the clustered index) to find the correct rows in both of the queries. Notice that
the execution plan suggests an index to help the performance of query 1. It doesn't suggest an index for
query 2 since an index won't help.
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Results Iw Messages IG Execution plan I
Que ry 1 : Que ry c osc (r e:acive c o c he b a cch ) : 5 %
S ELECT [Sa l e s Or de r I " [Or d e r a c e . FROH
M~ssinq Index (-~pacc 95 .5533 ) : CREA:E

Clus~ered I ndex Sc an ( C lus~e red)

[SalesO r de r He ade r ] . [ PK_S alesOrderHe_
cese : 100 .

- DEX

SELECT
Cos t : 1 ~

Clust ered Index Scan (Cl u st e r e d)
[Sa l e s Or de r He ade r] . [ PK_ Sa l e s Or de r He_

ce s e : 39 ~

Figure 3-39. The execution plans afte r removing the index

You can see from these examples th at wri ting queries is mo re than just getting the correct results;
performance is important, too . Complete Exercise 3-8 to learn how using a fun ction compares to a
wildcard sea rch.

EXERCISE 3-8

Use the AdventureWorks2012 database to complete this exercise. Make sure you have the Include Actual
Execution Plan setting toggled on before starting this exercise. You can find the solutions inthe Appendix.

1. Type inand execute the following code. View the execution plans once query
execution completes, and explain whether one query performs better than the
other and why.

USE AdventureWorks2012;
GO

--1
SELECT Name
FROM Production. Product
WHERE Name LIKE ' B% ';
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--2
SELECT Name
FROM Production. Product
WHERE CHARINDEX('B' , Name) 1",
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2. Type inand execute the following code. View the execution plans once query
execution completes, and explain whether one query performs better than the
other and why.

USE AdventureWorks2012;
GO

--1
SELECT LastName
FROM Person. Person
WHERE LastName LIKE '%i%';

--2
SELECT LastName
FROM Person. Person
WHERE CHARINDEX('i' , LastName) > 0;

Summary
Using expressions in T-SQLwith the built -in functions and operators can be very convenient. There
is a rich collection of functions for string and date manipulation as well as mathematical and system
functions and more. It's possible to use expressions and functions in the SELECT, WHERE , and ORDER BY
clauses. You must use caution when using functions in the WHERE clause; it is possible to decrease
performance.
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CHAPTER 4

Querying Multiple Tables

Now that you know how to write simple queries using one table and how to use functions and
expressions in queries, it is time to learn how to write queries involving two or more tables . In a properly
designed relational database, a table contains data about one thing or entity. For example, an order­
entry application will have a table storing customer information, a table containing data about orders,
and a table containing detail information about each item ordered. The order table has a column, called
e foreign key, that points to a row in the customer table . The detail table has a foreign key column that
points to the order table. Byusing joins, you can link these tables together so that you can display
columns from each table in the same result set.

You can also use multiple tables with sub queries and union queries. You might use a subquery in
place of an IN list in the WHERE clause, for example. Aunion query allows you to combine the result of two
or more queries into one result set. For example, a database may contain archive tables with old sales
data. Byusing a UNION query, you can combine the data from both the production tables and the
archived tables so that it looks like the results are from the same table .

Finally, this chapter demonstrates two useful techniques: derived tables and common table
expressions. These techniques allow you to isolate the logic used to query one table from the rest of the
main query.

Learning how to join tables is a critical skill for T-SQLdevelopers because it allows you to combine
the relational data stored in multiple tables and present it as a single result set. Make sure you
understand all the example code and complete the exercises in this chapter before moving on to the next
chapter.

Writing INNER JOINS
Most of the time, to join tables together, you will use INNER JOIN. When connecting two tables with INNER
JOIN, only the rows from the tables that match on the joining columns will show up in the results. If you
join the customer and order tables, the query will return only the customers who have placed orders,
along with the orders that have been placed. Only the rows where the customer ID is common in both
tables will show up in the results.

Joining Two Tables
To join tables together, you might think that another clause will be added to the SELECT statement. This
is not the case. Instead, the FROM clause contains information about how the tables join together. Here is
the syntax for joining two tables (the keyword INNER is optional) :
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SELECT <select list>
FROM<t ablei>
[INNER] JOIN <t abl e2> ON <tablei>. <coli> = <t abl e2>.<co12>

Figure 4-1 shows how th e Sales.SalesOrderHeader an d Sales.SalesOrderDetail tabl es connect an d
shows some of the columns in the tabl es. You will see these tables join ed in th e first exam ple qu ery, so
make sure you und erstand how they connect before typing Listing 4-1.

Sales.SalesOrderHeader Sales.SalesOrderDetail

PK SalesOrderld PK SalesOrderDetaillD
~ PK,FKl SalesOrderlD

OrderDate "'
CustomerlD ProductlD
TotalDue OrderQty

Figure 4-1. The Sales.SalesOrderHeader and Sales.SalesOrderDetail tables

The Sales .SalesOrderHeader table has a primary key called SalesOrderID. The
Sales .SalesOrderDetail tabl e has a composite primary key, one that is mad e up of more than one
column, consisting of SalesOrderDetailID an d SalesOrderID . The SalesOrderID colu mn in the
Sales.SalesOrderDetail table is also a foreign key pointing back to the Sales .SalesOrderHeader table. The
arr ow poi nt s from th e foreign key in th e Sales.SalesOrderDetai l table to th e primary key in the
Sales.SalesOrd erHead er table.

Take a look at th e code in Listin g 4-1. Type in and execute th e code to learn how to join th e
two tables.

Listing 4-1. Joining Two Tables

USE AdventureWorks20i2;
GO
SELECT s .SalesOrderID, s .OrderDate, s .TotalDue , d.SalesOrderDetailID,

d.ProductID, d.OrderQty
FROMSales .SalesOrderHeader AS s
INNER JOIN Sales.SalesOrderDetail AS d ON s .SalesOrderID = d. SalesOrderID;

Figure 4- 2 displays the results. The SE LECT list may contain columns from eithe r of the tables. In th e
FROMclau se, you list one of th e tables followed by the words INNER JOIN and th e second tabl e name. To
define how th e two tabl es join together, use th e keyword ON and an equality expression. Each
Sales.OrderHeader row cont ains a un iqu e SalesOrderID . Each Sales.SalesOrderDetail row cont ains a
SalesOrderID column th at determines to which order th e detail belongs. When you join these two tables
together, th e qu ery displays every row from th e Sales.SalesOrderHeader tabl e th at matches a row in th e
Sales.SalesOrderDetail tabl e.

132



CHAPTER4 • QUERYING MULTIPLE TABLES

OrderDate TotalDue SalesOrderDetaalD ProductlD OrderOty

1 13~~.==~~] 2005-07-01 00:00:00.000 23153.2339 1 776 1

2 43659 2005-07-01 00:00:00.000 23153.2339 2 m 3

3 43659 2005-07-01 00:00:00.000 23153.2339 3 778 1

4 43659 2005-07-01 00:00:00.000 23153.2339 4 771 1

5 43659 2005-07-01 00:00:00.000 23153.2339 5 m 1

6 43&59 2005-07-01 00:00:00.000 23153.2339 6 m 2

7 43659 2005-07-01 00:00:00.000 23153.2339 7 774 1

8 43659 2005-07-01 00:00:00.000 23153.2339 8 714 3

9 43659 2005-07-01 00:00:00.000 23153.2339 9 716 1

10 43659 2005-07-01 00:00:00.000 23153.2339 10 709 6

11 43659 2005-07-01 00:00:00.000 23153.2339 11 712 2
12 43659 2005-07-01 00:00:00.000 23153.2339 12 711 4

13 43660 2005-07-01 00:00:00.000 1457.3288 13 762 1

14 43660 2005-07-01 00:00:00.000 1457.3288 14 758 1

15 43661 2005-07-01 00:00:00.000 36865.8012 15 745 1

16 43661 2005-07-01 00:00:00.000 36865.8012 16 743 1

Figure 4-2. The partial results ofjoining two tables

Take a look at the data from the Sales.SalesOrderHeader columns in the query results. The
information from the Sales.SalesOrderHeader table repeats for each matching row in the
Sales.SalesOrderDetail tab le. If a row exists in the Sales.SalesOrderHeader tab le with no matches in the
Sales.SalesOrderDetail table, the Sales.SalesOrderHeader row will not show up in the results.

Because the column name , SalesOrde rID, is the same in both tab les, it must be fully qualified with
the table name anywhere it is used in the query. To save typing, use an alias for each table. Notice that
the query uses the table alias for all the columns in the SELECTlist. Fully qualifying the column name is
not required except for the columns with the same name; however, fully qualifying all of the column
names will make the query more readable. Six months after you write a query, you can immediately see
which table each column comes from without spending a lot oftime figuring it out.

Avoiding an Incorrect Join Condition
Although you must specify join criteria with ON in the FROMclause when using I NNER JOI N, nothing keeps
you from writing the join incorrectly. Take a look at Listing 4-2. If you decide to run the code , you may
have to click the red, square Cancel Executing Query icon to the right of the Execute icon to stop query
execution, or the query will run for several minutes.
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Listing 4-2. Writing an Incorrect Query

USE AdventureWorks2012;
GO
SELECT s .SalesOrderID, OrderDate , TotalDue, SalesOrderDetailID,

d.ProductID, d.OrderQty
FROMSales .SalesOrderHeader AS 5

INNER JOIN Sales.SalesOrde rDeta il d ON 1 = 1;

Figure 4-3 displays a po rtion of the results after scrolling down more than 3,000 rows. When
comparing the result s to tho se in Figure 4-2, you will see tha t the rows from Sales.Sales OrderHea der join
inapprop riate rows from Sales.SalesOrderDeta il. Both sets of results show SalesOrderlD 43659, but the
result s are correc t only in Figure 4-2. Because 1=1is always tru e, every row from the first table joins every
row from the second table to produce these incorrect results, which is also called a Cartesian product.

Resu~s

SalesOrdertD OrderDate TotalDue SalesOrderDetailD ProdudlD QrdeJQly

31462 43659 2005-07-0100:00:00.000 23153.2339 31462 793 3

31463 43659 2005-07-0100:00:00.000 23153.2339 31463 760 1

31464 43659 2005-07-01 00:00:00.000 231 53.2339 31464 761 3

31465 43659 2005-07-0100:00:00.000 23153.2339 31 465 759 1

31466 43659 2005-07-0100:00:00.000 23153.2339 31 466 738 2

31467 43659 2005-07-01 00:00:00.000 23153.2339 31467 826 1

31468 43659 2005-07-01 00:00:00.000 23153.2339 31468 764 1

31469 43659 2005-07-0100:00:00.000 23153.2339 31469 796 4

31470 43659 2005-07-0100:00:00.000 23153.2339 31 470 820 1

31471 43659 2005-07-0100:00:00.000 23153.2339 31471 819 1

31472 43659 2005-07-0100:00:00.000 23153.2339 31472 725 5

31473 43659 2005-07-0100:00:00.000 23153.2339 31473 801 3

31474 43659 2005-07-0100:00:00.000 23153.2339 31474 769 4

Figure 4-3. The partial results ofan incorrect join

Wheneve r you write a query with INNER JOIN, make sure you understand the relation ship between
the two tables. For example, you could join the OrderQty column from the Sales.SalesOrderDetail table
to the SalesOrderlD column in the Sales.SalesOrderHeader table. The query would run, bu t the results
would not make any sense at all.

Joining on a Different Column Name
In the previous two examples, the key column nam es happen to be the same, but this is not a
requirement. The Person .Person table con tains information about peopl e from several tables in the
AdventureWorks2012 database. Figure 4-4 shows how the Person .Person and the Sales.Cus tomer table
connect. The PersonlD from the Sales.Custome r table joins to the BusinessEntitylD in the Person.Person
table . The PersonlD column in the Sales.Cus tomer table is the foreign key.
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Person.Person
Sales.Customer

PK BusinessEntitvlD
PK CustomerlD ....,

FirstName
FKl PersonlD MiddleName

LastName

Figure 4-4. How to con nect the Sales.Customer and Person.Person tables

Listing 4-3 shows an example that joins these two tables.

Listing 4-3. Joining Two Tab les with Different Column Names

USE AdventureWorks2012;
GO
SELECT c.CustomerID, c.PersonID, p.BusinessEntityID, p.LastName
FROMSales .Customer AS c
INNER JOIN Person.Person AS p ON c.PersonID = p.BusinessEntityID;

Figure 4-5 shows the par tial results. The Person.Person table contains information about peopl e
from several tables in the database. In this case, the columns joining the two tables have different
names. The PersonID from the Sales.Customer table joins to the BusinessEntityID in the Person .Person
table. This works even though the columns have different nam es.

Resu s I
CustomerlD PersonlD

1 [~.~:=.'.'.'.:'.:~:] 293
2 29486 295

3 29487 297

4 29484 291

5 29488 299

6 28866 16867

7 13323 16901

8 21139 16724

9 29170 10263

10 19419 10312

BusinessEntitylD

293

295

297

291

299

16867

16901

16724

10263

10312

LastName

.Abel

.Abercrombie

k evedo

.A.chong

Ackerman

,Adams
,Adams
,Adams
,Adams
,Adams

Figure 4-5. The par tial results ofjo ining tables with different key column names

Joining on More Than One Column
Although a JOIN freque ntly involves joining a column from one table to a column from another table,
sometimes you must join mult iple columns. The Adven tureWorks2012 database con tains only one
example in which multiple columns must be used in a single JOIN: Sales.SalesOrderDetail to
Sales.SpecialOfferProduct. Figure 4-6 shows how these two tables connect.
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Sales.SalesOrderDetail
Sales.SpecialOfferProduct

PK SalesOrderlD
PK OrderDetaillD "'" PK SoecialOfferlO, PK ProductlD
FK1 SpecialOfferlD
FK1 ProductiD ModifiedDate

Figure 4-6. How to con nect the Sales.SalesOrderDeta il table to the Sales.SpecialOjfe rProduct table

The Sales.SalesSpecialOfferProduct table has a composite primary key composed of SpecialOfferID
plu s ProductID. To ide ntify a row in th is table , you mu st use both columns. When joining
Sales.SalesOrd erDetaii to the Sales.SpecialOfferProduct table, you specify both columns in the join. Here
is the synt ax for joining on more than one column:

SELECT <SELECT list>
FROM <tablei>
[INNER] JOIN <table2> ON <tablel>. <coll> = <t abl e2><co12>

AND <tablel> .<co13> = <table2>.<co14>

Type in and execute the cod e in Listing 4-4 to learn how to join on two columns.

Listing 4-4. Joining on Two Columns

USE AdventureWorks2012;
GO

SELECT sod.SalesOrderID, sod.SalesOrderDetailID,
so.ProductID, so.SpecialOfferID, so.ModifiedDate

FROMSales .SalesOrderDetail AS sod
INNER JOIN Sales .SpecialOfferProduct AS so

ON so.ProductID = sod.ProductID AND
so.SpecialOfferID = sod.SpecialOffe rID

WHERE sod.SalesOrderID IN (51116,51112) ;

Take a look at the result s (see Figure 4-7). Two columns, ProductID and SpecialOfferID, comprise
the join condition. To determine which row matches the rows from Sales.SalesOrde rDetail, both
columns are used in the join condition. If the join contained only one of the columns, the results would
be similar to the incorrect results in the section "Avoiding an Incorr ect Join." If the join contained only
the ProductID, the results would show every possible SpecialOfferID row for each ProductID, not just
the correct rows. Try modi fying the join yourself by leaving out one ofthe conditions to see wha t
happ ens .
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Resu s I
SalesOrderiD SalesOrderDetaillD

1 [:~.!~:.!:~~:~~~~.~.'.:~::] 36341
2 51112 36342

3 51112 36343

4 51112 36344

5 51112 36345

6 51112 36346

7 51112 36347

8 51112 36348

9 51 112 36349

10 51112 36350

11 51112 36351

ProductlD

956

965

885

948

960

886

994

966

959

978

970

SpecialOfferlD

14

13

1

1

13

1

1

1

13

13

1

,", od ledDate

2007-Q6-01 00:00:00.000

2007-Q6.01 00:00:00.000

2005-05-0200:00:00.000

2005-05-0200:00:00.000

2007-Q6.01 00:00:00.000

2005-05-02 00:00:00.000

2005-05-02 00:00:00.000

2005-05-02 00:00:00.000

2007-06-01 00:00:00.000

2007-06-0100:00:00.000

2005-05-0200:00:00.000

Figure 4-7. The partial results ofjoining on two columns

Joining Three or More Tables
Sometimes you will need to join only two tables togeth er in a query , but more frequently, you will need
to join th ree or more tables. You will often join th ree tabl es whe n there is a many-to-many relationship
between two of the tables. For example, suppose you have a table listing college courses and a table
list ing studen ts. You would need a th ird table that records which students take which courses. To join
courses to studen ts, your query will join all three table s.

In the AdventureWorks2012 database, you will find many reasons to join more than two tables in
one que ry. For example, suppose you want to see a list of the produ ct names for each order, along with
the OrderDate column. This qu ery requires the Sales.SalesOrderHeader, Sales.SalesOrderDetail, and
Production.Product tables. Figure 4-8 shows how to connect the se th ree table s.

Sales.SalesOrderHeader Sales.SalesOrderDetail
Production.Product

PK SalesOrderld PK SalesOrderDetaillD
J PK,FK1 SalesOrderlD ... PK ProductlD

OrderDate
.... r

CustomerlD FK2 ProductlD Name

TotalDue OrderOty

Figure 4-8. How to join Sales.SalesOrderHeade r to Produ ction.Produ ct

To add a third or more tables, just continue the FROMclause. Take a look at the syntax.

SELECT <SELECT list> FROM <tablel>
[INNER] JOIN <t abl e2> ON <tablel>.<coll> = <table2> .<co12>
[INNER] JOIN <table3> ON <table2>.<co12> = <t abl e3>.<co13>

Type in an d execute the query in Listing 4-5 to learn how to join more than two tables in
one que ry.
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Listing 4-5. Joining Three Tables

USE AdventureWorks2012;
GO

SELECT soh.SalesOrderID, soh.OrderDate, p.ProductID, p.Name
FROM Sales.SalesOrderHeader as soh
INNER JOIN Sales.SalesOrderDetail AS sod ON soh.SalesOrderID = sod.SalesOrderID
INNER JOIN Production. Product AS p ON sod.ProductID = p.ProductID
ORDER BY soh.SalesOrderID;

Figure 4-9 shows the results. Notice that even though the query joins three tables, the query displays
columns from only two of the tables. To get from Sales .SalesOrderHeader to the names of the products
ordered in the Production.Product table, the query must include the Sales.SalesOrderDetail table to
connect the other two tables. Depending on the goal of the query, you may want to include columns
from all tables involved in the query.

Resuks

1

2

3
4

5
6

7

8

9

10

11

12

13

SalesOrderiD OrderDate
j••••••••••••••••••••••••••••••••••••••••:

L.~~~.?? .I 2 5-07-01 00:00:00.000
43659 2005-07-01 00:00:00.000

43659 2005-07-01 00:00:00.000

43659 2005-07-01 00:00:00.000

43659 2005-07-01 00:00:00.000

43659 2005-07-01 00:00:00.000

43659 2005-07-01 00:00:00.000

43659 2 5-07·01 00:00:00.000

43659 2005-07-01 00:00:00.000

43659 2 5-07-01 00:00:00.000

43659 2005-07-01 00:00:00.000

43659 2005-07-01 00:00:00.000

43660 2005-07-01 00:00:00.000

ProductlD

711

712

709

716

714

771
778
m
773
774
776
777

762

Name

Sport-l00 Helme . Blue

AWe Logo Cap

Mountain Bike Socks. M

Long-Sleeve Logo Jersey. XL

Long-Sleeve Logo Jersey. M

Mountain-100Silver. 38

,." ountain-100 Black. 48

,." ountain-100 Silver. 42

,." ountain-100 Silver. 44

,." ountain-100 Silver. 48

Mountain-100 Black. 42

,." ountain-100 Black. 44

Road-650 Red. 44

Figure 4-9. The partial results ofjoining three tables

Take another look at the FROM clause. The Sales.SalesOrderHeader table joins to the
Sales.SalesOrderDetail table on the SalesOrderID column. Then the Sales .SalesOrderDetail table joins
the Production.Product table on the ProductID column. If you have trouble figuring out how to join the
tables, take it a step at a time. Join two tables first, and then add the third table.

Joining tables is a very important skill for T-SQL developers. Before you move on to the
next section, make sure you are comfortable with what the chapter has covered so far by completing
Exercise 4-1.
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EXERCISE 4-1

Use the AdventureWorks2012 database tocomplete thisexercise. You can find the solutions in the
Appendix.

1. The HumanResources.Employee table does not contain the employee names. Join
that table to the Person .Person table on the BusinessEntitylD column. Display the
job title, birth date, first name, and last name.

2. The customer names also appear in the Person.Person table. Join the
Sales.Customer table tothe Person.Person table. The BusinessEntitylD column in
the Person.Person table matches the PersonlD column inthe Sales.Customer
table. Display the CustomerlD, StorelD, and TerritorylD columns along with the
name columns.

3. Extend the query written inquestion 2 to include the Sales.SalesOrderHeader
table. Display the SalesOrderlD column along withthe columns already specified.
The Sales.SalesOrderHeader table joins the Sales.Customer table on CustomerlD.

4. Write a query that joins the Sales.SalesOrderHeader table tothe Sales.SalesPerson
table. Join the BusinessEntitylD column from the Sales.SalesPerson table to the
SalesPersonlD column in the Sales.SalesOrderHeadertable. Display the
SalesOrderlD along with the SalesQuotaand Bonus.

5. Add the name columns tothe query written instep 4 by joining on the
Person.Person table. See whether you can figure out which columns will be used
towrite the join.

6. The catalogue description for each product isstored inthe
Production.ProductModel table. Display the columns that describe the product
such as the colorandsize, along with the cataloguedescription for each product.

7. Write a query that displays the names ofthe customersalong with the product
names that they have purchased. Hint: Five tables will be required towritethis
query!

Writing Outer Joins
When joining two tables with I NNER JOIN, there must be an exact match between the two tables for a row
to show up in the results. Occasio nally, you 'll need to retrieve all the rows from one of the tables even if
the other table doesn 't contain a match for every row. For example, you may wan t to display all the
customers along with their orders, including the cus tome rs who have not placed orders yet. Byusing
OUTER JOIN, you can retrieve all the rows from one table along with any rows that match from the other
table.
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Using LEFT OUTER JOIN
When writing OUTER JOIN, you must specify either LEFT or RIGHT. If the main table, the table th at you
want to see all the rows even if there is not a match, is on the left side of the join, you will specify LEFT.
Figure 4-10 shows how the Sales.Customer and Sales.SalesOrderHeader tables connect when using LEFT
OUTER JOIN so that all customers show up in the results even if they have not placed any orders. The gray
area of the Venn diagram illustrates how all the CustomerID values in the Sales.Customer table will be
returned whether or not there is a matching CustomerID value in the Sales.SalesOrderHeader table.
Additionally, all matching CustomerID values (this is where the circles intersect in the diagram) will also
be returned.

Sales.Customer Sales.SalesOrderHeader

Figure 4-10. How to perform LEFTJOIN

Here is the syntax for LEFT OUTER JOIN:

SELECT <SELECT list>
FROM <table1>
LEFT [OUTER] JOIN <table2> ON <table1>.<col1> = <table2>.<col2>

Type in and execute the code in Listing 4-6 to learn how to write a LEFT OUTER JOIN query. Note that
the word OUTER is optional.

Listing 4-6. Using LEFT OUTER JOIN

USE AdventureWorks2012;
GO
SELECT c.CustomerID, s.SalesOrderID, s.OrderDate
FROM Sales.Customer AS c
LEFT OUTER JOIN Sales.SalesOrderHeader AS s ON c.CustomerID = s.CustomerID
WHERE c.CustomerID IN (11028,11029,1,2,3,4);

Figure 4-11 displays the results. Just like INNER JOIN, you must determine which column or columns
from one table join the column or columns from the other table. All the rows from the table on the left
side of the join, the Sales.Customer table, that meet the criteria in the WHERE clause, showup in the
results. The query returns rows from the right side of the join, the Sales.SalesOrderHeader table, only if
they match on CustomerID. All of the columns from the Sales.SalesOrderHeader rows that don't match
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return NULL va lues. The query returns th e cus tomers alo ng with th e orders eve n for cus tomers with no
orders, cus tomers 1-4.

Resu~s

1

2

3

4

5

6

7

8

9

10

CustomeriD SalesOrderiD
r·,·······_······················j NULL
; _ _. ;

2 NULL

3 NULL

4 NULL

11028 43831

11028 57943

11028 67961

11029 43794

11029 57294

11029 70593

OrderDate

NULL

NULL

NULL

NULL

2005-07·29 00:00:00.000

2007·11·14 00:00:00.000

2oo8.()4·09 00:00:00.000

2005-07·22 00:00:00.000

2007·11 ·02 00:00:00.000

2008-05-1 00:00:00.

Figure 4-11. The resul ts ofusing LEFT OUTERJOIN

Using OUTER JOIN is not difficul t, but it seems to be confus ing to people whe n th ey first try to use it.
If the tables have the primary an d for eign keys defined, the table joining with th e primary key will
u su ally b e th e table on th e left side in a LEFT OUTER JOIN. Figure out which table must h ave ro ws
returned even if th ere is not a m atch. That table must show up on the left side of a LEFT OUTER JOIN.

Using RIGHT OUTER JOIN
RIGHT OUTER JOIN differs from LEFT OUTER JOIN in just th e loc ation of the tables. If th e m ain table, the
table in which you wa nt to see all th e ro ws even if th ere is not a m at ch, is on the right side of the join, you
will specify RIGHT. Here is the syntax:

SELECT <SELECT list>
FROM <t abl e2>
RIGHT [OUTER] JOIN <table1> ON <t abl e1>. <col 1> = <table2>.<col2>

Type in an d exec ute th e code in Listing 4-7 to learn how to write a query using RIGHT OUTER JOIN.

Listing 4-7. Using RIGHT OUTERJOIN

USE AdventureWorks2012;
GO
SELECT c.CustomerID, s .SalesOrderID, s .OrderDate
FROM Sales .SalesOrderHeader AS s
RIGHT OUTER JOIN Sales .Customer AS c ON c.CustomerID = s .CustomerID
WHERE c .CustomerID IN (11028,11029,1,2 ,3 ,4) ;

Figure 4-12 shows the res u lts; th ey are ident ical to th e res ults in Figure 4-11 . The only difference
between this query an d the one from Listing 4-6 is th e order of the tables with in the FROM clause an d the
direc tion keyword. Again, all of the customer s who m eet the crite ria display along with any order s th at
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were placed. For cus tomers with no orders, NULL values are returned in the Sales.SalesOrderH eader
colum ns.

CustomeriD SalesOrderiD

1 L.~.::::~::::::::.~.::·.·=::::::.J NULL
2 2 ULL

3 3 ULL

4 4 NULL

5 11028 43831

6 11028 57943

7 11028 67961

8 11029 43794

9 11029 57294

10 11029 70593

OrderOa e

ULL

NULL

ULL

ULL

2005-07·29 00:00:00.000

2007·11 ·14 00:00:00.000

2008-D4.Q9 00:00:00.000

2 5-07-22 00:00: .000

2 7·11 -0200:00:00.000

2008-05-14 00:00:00.000

Figure 4-12. Result ofusing RIGHT oUTERJOIN

Using OUTER JOIN to Find Rows with No Match
Sometimes it's useful to find all the rows in one tabl e that don't have corresponding rows in another
table. For example, you may want to find all the cus tome rs who have never placed an order. Since the
columns from the nonmatching rows contain NULL values, you can use OUTER JOIN to find rows with no
match by checking for NULL. The syntax is as follows:

SELECT <SELECT list>
FROM<tablei>
LEFT [OUTER] JOIN <table2> ON <tablei>.<coli> = <table2> .<co12>
WHERE <co12> IS NULL

Type in and execute the code in Listing 4-8 to see how this works.

Listing 4-8. Using LEFT OUTERJOIN to Find the Rows with No Matches

USE AdventureWorks20i2;
GO

SELECT c.CustomerID, s .SalesOrderID, s .OrderDate
FROMSales.Customer AS c
LEFT OUTER JOIN Sales.SalesOrderHeader AS s ON c .CustomerID = s.CustomerID
WHERE s .SalesOrderID IS NULL;

Figure 4-1 3 shows the parti al results. The query in Listing 4-8 returns a list of all customers who have
not placed an ord er. After you run the query, scroll down to see that every row in the results contains
NULL in the SalesOrde rlD column.

The LE FT JOIN returns all rows from Sales.Customer even if the cus tomer has no ord ers. The
customer rows with no orders contain NULL in the Sales.SalesOrderHeade r colu mns. Bychecking for
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NULL, the customers with no orders show up in the results. Again. this might be complicated to
understand at first. Just take it a step at a time when writing your own queries.

__Resu s 1_ __ _ __
CustomerlD SalesOrderiD OrderDate

1 [.~.~:~:::::.:'.'::::~~:::::.:] NULL NULL
2 ~ U~ NU~

3 169 ULL ULL

4 507 ULL NULL

5 630 ULL ULL

6 338 ULL ULL

7 229 ULL ULL

8 567 NULL ULL

9 461 NULL ULL

10 398 ULL ULL

11 292 ULL ULL

Figure 4-13. The partial results offindlng rows with no match

Adding a Table to the Right Side of a Left Join
The next step is to understand what to do when additional tables are added to the query. For example,
you might want to display all the customers and their orders even if an order has not been placed, along
with the ProductID from those orders that were placed. To keep the customers with no orders from
dropping out ofthe results. you must continue to use LEFT JOIN. Figure 4-14 shows how these three
tables can be joined to produce the correct results . Notice the Venn diagram shows the
SalesOrderHeader and the SalesOrderDetail tables joining on the SalesOrderID . Those results are
matched with the CustomerID to get a resultset that includes all of the customers in the Customer table
including those without orders. The diagram in Figure 4-14 shows the SalesOrderHeader as the circle
linking the Customer and SalesOrderDetail together because it is the only table containing both the
CustomerID and the SalesOrderID. These types of linking tables are normally referred to as junction
tables. The junction table allows you to combine in a single query output SalesOrderDetail and
Customer data.
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Sales.Customer Sales.SalesOrderHeader

Sales.SalesOrderDetail

Figure 4- 14. How to connect the tables with two LEFT OUTERJOINs

Ta ke a look at the syn tax.

SELECT <SELECT list>
FROM <table1> LEFT [OUTER]JOIN <t abl e 2> ON <t abl e1>. <col 1> = <table2> .<co12>
LEFT [OUTER] JOIN <t abl e3> ON <t abl e2>.<co13> = <t abl e3>. <co14>

Listing 4-9 contains an exam ple query. Type in an d execute the code to learn how to write this type
of join .

Listing 4-9. joining Three Tables wi th LEFTJOIN

USE AdventureWorks2012;
GO

SELECT C.CustomerID, SOH.SalesOrderID , SOD .SalesOrderDetailID, SOD.ProductID
FROM Sales.Customer AS C
LEFT OUTER JOIN Sales .SalesOrderHeader AS SOH ON C.CustomerID = SOH .CustomerID
LEFT OUTER JOIN Sales.SalesOrderDetail AS SOD ON SOH.SalesOrderID = SOD.Sale sOrderID
WHERE C.CustomerID IN (110 28,11029 ,1,2 ,3 ,4) ;

Figure 4-1 5 shows the results. Because the colum ns from the nonmat ching ro ws from
Sales.SalesOrderHeader co n tain NULL, they ca n 't join to the Sales.SalesOrderDetail table. If you m ust join
an other table to the Sales.SalesOrderHeade r ta ble, you must u se LE FT OUTER JOINbecause you can 't join
on the NULL va lues. On your own, ch ange th e query by removing th e words LEFT OUTER in the join
between Sa les.Sales Or derHeader and Sales.SalesO rd erDet ai l. The customers with no ord ers will d rop
ou t of th e res u lts .
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Resu~s I
CustomeriD SalesOrderiD SalesOrderDetaill0 ProductiD

1 [.'.~::::::.'.':::.'::::::.':.'.'.'.'''.'.'.'.'.] NULL ULL NULL

2 2 NULL NULL NULL

3 3 NULL NULL NULL

4 4 NULL ULL NULL

5 11028 43831 487 776
6 11028 57943 65072 779
7 11028 57943 65073 930
8 11028 57943 65074 873
9 11028 67961 98619 962

10 11029 43794 450 774
11 11029 57294 63489 779
12 11029 57294 63490 711
13 11029 57294 63491 882
14 11029 70593 107626 962
15 11029 70593 107627 872
16 11029 70593 107628 870

Figure 4-15. The results ofa querying multiple tables with LEFT JOIN

I prefer listing the main table first and using left joins over right joins . Ifyou list the main table first
and you start down the LE FT OUTER JOINpath. you can continue to use LEFT. Ifyou start out with RIGHT,
you may have to switch to LEFT when you add more tables. which can be confusing.

Adding a Table to the Left Side of a Left Join
You may be wondering what kind of join you must use ifyou join another table to the left side of the join.
in other words . to your ma in table. To be on the safe side, use LEFT OUTER JOIN to ensure that you will
not lose any rows from the main table.

Figure 4-16 shows how to add the Sales.Territory table to the example started in the previous
sectio n. The Sales.Territory table joins to the main table. the Sales.Customer table. Since you want to
make sure that all customers show up in the results, use LEFT OUTER JOI Nto join this new table .
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Sales.Customer Sales.SalesOrderHeader

SalesOrderlD

Sales.SalesTerritory Sales.SalesOrderDetail

Figure 4-16. How to add an other table to the lef t side ofthe jo in

Listing 4-10 shows two example queries that add another table to the main table. Type in and
execute the code.

Listing 4-10. Adding Another Table to the Left Side oftheJoin

USE AdventureWorks2012;
GO

SELECT C.CustomerID, SOH.SalesOrderID, SOD .SalesOrderDetaiIID,
SOD.ProductID, T.Name

FROMSales .Customer AS C
LEFT OUTER JOIN Sales .SalesOrderHeader AS SOH ON C.CustomerID = SOH .CustomerID
LEFT OUTER JOIN Sales.SalesOrderDetail AS SOD ON SOH .SalesOrderID = SOD .SalesOrderID
LEFT OUTER JOIN Sales.SalesTerritory AS T ON C.TerritoryID = T.TerritoryID
WHERE C.CustomerID IN (11028,11029,1,2,3,4) ;

Figure 4-1 7 shows the results. The Sales.SalesTerritory table joins the Sales.Customer table on
TerritoryID. Because you don't want to lose any rowsfrom the Sales.Customer table, use LE FT OUTER
JOIN.
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CustomerlD SalesOrderlD Sa esOrderDe aalD ProductlD Name

1
r··i··················__··__·~

lULL ULL NULL Northwest.....................................;
2 2 ULL ULL ULL orthwest

3 3 ULL ULL ULL Southwest

4 4 ULL ULL ULL Southwest

5 11028 43831 487 n6 ,Australia

6 11028 57943 65072 n9 ,Australia

7 11028 57943 65073 930 ,Australia

8 11028 57943 65074 873 ,Australia

9 11028 67961 98619 962 ,Australia

10 11029 43794 450 n4 ,Australia

11 11029 57294 63489 n9 ,Australia

12 11029 57294 63490 711 ,Australia

13 11029 57294 63491 882 ,Australia

14 11029 70593 107626 962 ,Australia

15 11029 7 593 107627 872 ,Australia

16 11029 70593 107628 870 ,Australia

Figure 4-17. The results ofjoining to the lef t side ofLEFT OUTER JOIN

FULL OUTER JOIN
FULL OUTER JOIN is similar to LEFT OUTER JOIN and RIGHT OUTER JOIN, but in this case, all the rows from
each side of the join are returned. In oth er words, all rows from the left side of the join, even if there is
no t a match, and all rows from the right side, even if th ere is not a ma tch, show up in the results. This
type of join is rare and could indicate some problems with the database design or the data. For example,
this type of join might be necessary if the Sales.SalesOrderHeader table contains orders with invalid
CustomerID values. Here is the syntax:

SELECT <col umn list>
FROM<t ablei>
FULL [OUTER] JOIN <t abl e2> ON <t abl ei>. <col i > = <table2> .<coI2>

Because no good example exists in the AdventureWorks2012 database, Listing 4-11 includes a script
that creates and populates a table of colors that can be used in the Production.Product table. After
populat ing the table, it contains colors that don't appear in the Production.Product table, an d it is
missing a color that sho uld be there. Don 't worry about understanding the table crea tion and population
part of the script at th is point.
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Listing 4-11. FULL OUTER JOIN Demonstration

USE AdventureWorks2012;
GO
IF OBJECT_ID('Production.ProductColor') IS NOT NULL BEGIN

DROP TABLE Production.ProductColor;
END
CREATE table Production.ProductColor

(Color nvarchar(15) NOT NULL PRIMARY KEY)
GO
--Insert most of the existing colors
INSERT INTO Production.ProductColor
SELECT DISTINCT Color
FROM Production. Product
WHERE Color IS NOT NULL and Color <> 'Silver'
--Insert some additional colors
INSERT INTO Production.ProductColor
VALUES ('Green'),('Orange'),('Purple');

--Here is the query:
SELECT c.Color AS "Color from list", p.Color, p.ProductID
FROM Production. Product AS p
FULL OUTER JOIN Production.ProductColor AS c ON p.Color = c.Color
ORDER BY p.ProductID;

Figure 4-18 displays the results. When colors from the Production.ProductColor table have no
matches in the Production.Product table, the query returns NULL values in the second and third columns,
which are from Production.Product (rows 1-3) . When colors from the Production.Product table don't
match the Production.ProductColor table (in this case, silver) or no color for a product is specified, the
query returns NULL values in the first column, which is from Production.ProductColor (rows 12-13) .
Finally, when a product has a color that matches one found in the Production.ProductColor table, the
query returns all non-NULL values (rows 9-11). A query like this might be used to find problems in data so
that it can be cleaned up before loading it into a production system or data warehouse.
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Product lD

NULL

ULL

ULL

1

2

3
4

316
317
318
319
320

_ Resu s J"I==========

Colorfrom list Color

1 [~~.~~::::.:'.:~.~:::::.'.'.'] ULL
2 Purple NULL

3 Orange NULL

4 NULL NULL

5 ULL NULL

6 NULL NULL

7 NULL NULL

8 ULL NULL

9 Black Black

10 Black Black

11 Black Black

12 ULL Silver

Figure 4-18. The partial results ofusing FULL OUTERJOIN

CROSS JOIN

CHAPTER 4 • QUERYING MULTIPLE TABLES

Another type of rare ly used join is CROSS JOIN. This is actu ally the same as the Cartesian product
mentioned in the "Avoiding an Incorrect Join Condition" section. In this case, use CROSS JOIN when you
intend to multiply two tables togeth er-every row from one table matched to every row from another
table. You might write a CROSS JOIN query to populate a table for a special purpose such as an inventory.
You may need a list of every product in every possible location to crea te form s for the inventory crew.
Here is the syntax:

SELECT <SELECT list> FROM <table1> CROSS JOIN <t abl e2>

Notice that the FROM clause doesn 't contain a join condition. Every possible row from one table joins
every possible row from another table, so you don't have to specify a join condition. Listing 4-12
demonstrate s how to write th is type of query. Type in and execute the code.

Listing 4-12. A CROSS JOIN

USE AdventureWorks2012;
GO
--1
SELECT p.ProductID, 1.LocationID
FROM Production. Product AS p
CROSS JOIN Production. Location AS 1
ORDER BY ProductID;
--2
SELECT p.ProductID, 1.LocationID
FROM Production. Product AS p
CROSS JOIN Production. Location AS 1
ORDER BY LocationID;
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Figure 4-19 shows the partial results. These queries, just sorted differently, each produce a row for
every possible product and every possible location. Query 1 shows that product 1 displays along with
every location. Query 2 shows that location 1 displays along with every product.

Resu s I
-"======

Product10 LocationlD

1 [.'.~:::.'.::'::::.'.'.:':::.'.'.'.] 1
2 2
3 3

4 4

5 5
6 6

7 7
8 10
9 20

10 30

1

2

3
4

5

6

7

8

9

10

ProductlO LocationlD
r·S80···················!
~••••••••••••••••••••••••••••••J

365
n1
404

9n
818
474

748

975
884

Figure 4-19. The partial results ofa CROSS JOIN

Self-Joins
Aself-join is a special type of query that joins a table back to itself. In this example, you will first create a
temporary table named #Employee. Normally the EmployeeID would be a primary key column and the
ManagerID would be a foreign key pointing back to the same table. This would ensure that only an
existing EmployeeID could be added to the ManagerID column. Every employee, except for one, has a
manager-another employee appearing in the same table. The one employee with no manager is the
CEO of Adventure Works. The SQLServer team chose to eliminate the self-join when creating
AdventureWorks2012 in favor of a new feature first introduced with SQLServer 2008, the HIERARCHYID
data type . You will learn about HIERARCHYID in Chapter 10.

150



CHAPTER 4 • QUERYING MULTIPLE TABLES

You can actuallyjoin any table to itself even if it doesn't have a foreign key pointing back to the
primarykey. This relationship is called a unary relationship. Here is the syntax for a self-join:

SELECT <a.COll>, <b.col l >
FROM <tablel> AS a
LEFT [OUTER] JOIN <tablel> AS b ON a. <coll> = b.<coI2>

Listing 4-13 demonstrates how to write a self-join. Besure to type in and execute the code.

Listing 4-13. Using Self -Join

USE AdventureWorks2012;
GO

CREATE TABLE #Employee
EmployeeID int,
ManagerID int ,
Title nvarchar(50));

INSERT INTO #Employee
VALUES (1, NULL, 'Chief Executive Officer')
INSERT INTO #Employee
VALUES (2, 1, 'Engineering Manager')
INSERT INTO #Employee
VALUES (3, 2, 'Senior Tool Designer')
INSERT INTO #Employee
VALUES (4, 2, 'Design Engineer')
INSERT INTO #Employee
VALUES (5, 2, 'Research and Development ')
INSERT INTO #Employee
VALUES (6, 1, ' Marketing Manager ' )
INSERT INTO #Employee
VALUES (7, 6, ' Marketing Specialist');

SELECT a.EmployeeID AS Employee,
a.Title AS EmployeeTitle,
b.EmployeeID AS ManagerID,
b.Title AS ManagerTi t l e

FROM #Employee AS a
LEFT OUTER JOIN #Employee AS b ON a.ManagerID = b.EmployeeID;

DROP TABLE #Employee;

Takea look at the results shown in Figure 4-20. Each employee,except for one, has a manager who
is also an employee in the same table. The table has ManagerID, which points back to the EmployeeID.
Since employee 1doesn' t have a manager, the query uses LEFT OUTER JOIN. Besure to keep track of
which table each column is supposed to come from. Even though the query uses the same table twice, it
has two separate roles.
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Resu s

1

2

3

4

5

6

7

Employee EmployeeTrtle
r·,········_··········_·..! Chief Executive Officer
l.•.••••••••••••••••_••••_ ••••;

2 Engineering Iv anager

3 Senior Tool Designer

4 Design Engineer

5 Research and Development

6 Marketing /Ii anager

7 Marketing Specialist

,., anagerTrtle

ULL

Chief Executive Officer

Eng· eering '" anager

Engineering Manager

Engineering ,., anager

Chief Executive Officer

arke ing Manager

Figure4-20. The results ofusing a self -join

The important thing to rem emb er is that one table is used twice in the query. At least one of the
table names must be aliased; it is not an option because you can 't have two tables with the same name
in the query. You will have to qualify all the column nam es, so you may want to alias both table na mes to
save typing.

This sec tion covered several advance d joining techniques. Understanding how the techniques work
and when to use them are very important skills. Pract ice wha t you have learned by completing
Exercise 4-2.

EXERCISE 4-2

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions inthe
Appendix.

1. Write aquery that displays all the products along with the SalesOrderlD even if an
order has never been placed for that product. Join tothe Sales.SalesOrderDetail
table using the ProductlD column.

2. Change the query written instep 1 so that only products that have not been
ordered show up inthe query.

3. Write aquery that returns all the rows from the Sales.SalesPerson table joined to
the Sales.SalesOrderHeader table along with the SalesOrderlD column even if no
orders match. Include the SalesPersonlD and SaiesYTD columns in the results.

4. Change the query written inquestion 3 so that the salesperson's name also
displays from the Person.Person table.

5. The Sales.SalesOrderHeader table contains foreign keys tothe Sales.CurrencyRate
and Purchasing.ShipMethod tables. Write a query joining all three tables, and
make sure it contains all rows from Sales.SalesOrderHeader. Include the
CurrencyRatelD, AverageRate, SalesOrderlD, and ShipBase columns.
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6. Write aquery that returns the BusinessEntityID column from the
Sales. SalesPerson table along with every ProductID from the
Production. Product table.

7. Starting with the query written in Listing 4-13, join the table a to the
Person. Person table to display the employee's name. The EmployeeID column
joins the BusinessEntityID column. Note that you will need to recreate the
#Employee table.

Writing Subqueries
The previous examples in this chapter demonstrated how to write queries using JOIN. This section
demonstrates using subqueries in the WHERE clause. A subquery is a nested query-a query within a
query. One reason to use a subquery is to find the rows in one table that match another table without
actually joining the second table. For example, without actually joining the order table, you could use a
subquery to display a list of the customers who have placed an order. Another technique, correlated
subqueries, will be shown in Chapter 5.

Using a Sub query in an IN List
Using a subquery in an INlist is similar to the hard-coded INlist you learned to use in a WHERE clause in
Chapter 2. Here is the syntax:

SELECT <select list> FROM <tablel>
WHERE <coIl> IN (SELECT <co12> FROM <table2»

Listing 4-14 demonstrates this technique. Type in and execute the code.

Listing 4-14. Using a Subquery in the IN List

USE AdventureWorks2012;
GO
SELECT CustomerID, AccountNumber
FROM Sales.Customer
WHERE CustomerID IN (SELECT CustomerID FROM Sales.SalesOrderHeader);

This query returns a list ofthe customers who have placed an order (see Figure 4-21) . The difference
between this example and other examples in this chapter that join these tables is that the columns from
the Sales .SalesOrderHeader table don't show up in the results. Each customer displays only once in the
results, not once for each order placed. The subquery produces a list of possible values from one, and
only one, column. The outer query compares a column to that list.
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1

2

3

4

5

6

7

8

9

10

Resuhs I
-'=======

CustomerlD Accoun umber
r·,·,·ooo ··..···_·! AW00011000
:. __ ;

11 001 AW00011001
11 002 AW00011002
11 003 A~/0001 1003

11004 AW00011
11005 A~/0001 1005

11 006 AW00011006
11007 A~/0001 1007

11 008 AW00011008
11 009 AW00011009

Figure 4-21. The results ofusing a subquery in an IN list

Using a Subquery and NOT IN
A subquery in the WHERE clause can also be used to find rows that don't match the values from another
table by adding the NOT operator. You can find the customers who have not placed an order by adding
the word NOT to the previous query. Type in and execute the code in Listing 4-15, which demonstrates
using NOT IN.

Listing 4-15. A Subquery with NOT IN

USE AdventureWorks2012j
GO

SELECT CustomerID, AccountNumber
FROM Sales.Customer
WHERE CustomerID NOT IN

(SELECT CustomerID FROM Sales.SalesOrderHeader)j

This query returns the opposite results of Listing 4-14 (see Figure 4-22) . The subquery returns a list
of all the CustomerIDvalues found in Sales .SalesOrderHeader. By using NOT IN, the query returns all the
rows from Sales .Customer that don't match.
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Resu s

CustomeriD Account umber

1 L.~.::::·.·~.·.·.·.~~"""""""~~~::~~~] AWOOOOOOO1
2 2 AWOOOOOOO2

3 3 AWOOOOOOO3

4 4 AWOOOOOOO4

5 5 AWOOOOOOO5

6 6 AWOOOOOOO6

7 7 AWOOOOOOO7

8 8 AWOOOOOOO8

9 9 AWOOOOOOO9

10 10 AWOOOOOO1 0

Figure 4-22. The partial results of using a subquery with NOT IN

Using a Subquery Containing NULL with NOT IN
Recall tha t you will often get incorrect results if you don 't take NULL values int o acco unt. If the subquery
contains any NULL values, using NOT IN will incorrectly produce no rows. For example, the values
returned by a subquery are NULL, 1, 2, and 3. The values from the out er query (1, 2, and 10) must each be
compared to that list. The database engine can tell tha t 10 is not 1, 2, or 3, but it can't tell whe ther it is
the same as NULL. The intended result is 10 since it doesn 't ma tch any of the values from the subquery ,
but because of the NULL, the comparison returns no results at all. Type in and execute the code in Listing
4-16, which shows incorrect results an d how to correct the problem.

Listing 4-16. A Subquery with NOT IN

USE AdventureWorks2012;
GO

- -1
SELECT CurrencyRateID, FromCurrencyCode, ToCurrencyCode
FROMSales .CurrencyRate
WHERE CurrencyRateID NOT IN

(SELECT Cur rencyRateID
FROM Sales.SalesOrderHeader) ;

- -2
SELECT CurrencyRateID, FromCurrencyCode, ToCurrencyCode
FROMSales .CurrencyRate
WHERE CurrencyRateID NOT IN

(SELECT CurrencyRateID
FROM Sales .SalesOrderHeader
WHERE CurrencyRateID IS NOT NULL);

Figure 4-23 shows the results. Query 1 does not return any results because NULL values exist in the
values returned by the subquery. Since any value from CurrencyRateID compared to NULL returns
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UNKNOWN, it is impossible to know whether any of the values meet the criteria. Query 2 corrects the
problem by adding a WHERE clause to the subquery that eliminates NULL values.

Using a subquery in the WHERE clause is a very popular technique. Just make sure that you always
eliminate the possibility of NULL values in the subquery.

Resu s

CurrencyRatelO FromCurrencyCode ToCurrencyCode

CurrencyRa elO FromCurrencyCode

1 [~::::::::::::~=~::~.===] USO
2 3 USO

3 5 USO

4 6 USO

5 7 USO

6 9 USO

7 10 USO

8 11 USO

ToCurrencyCode

ARS

BRL

CNY

OEM
EUR
GBP

JPY

rv XN

Figure 4-23. The results ofcode that corrects the NULL problem with NOT IN

Writing UNION Queries
A UNION query is not really a join, but it is a way to merge the results of two or more queries together. I
like to think of it as "folding" one table into another table. One reason for using a UNION query is to view
data with one query that combines data from a production table along with data that has been archived
into another table. A UNION query combines two or more queries, and the results are returned in one
result set. Here is the syntax:

SELECT <COIl>, <co12>,<co13>
FROM <table1>
UNION [ALL]
SELECT <co14>,<colS>,<co16>FROM <table2>

Figure 4-24 shows a diagram of how a UNION query might look. Each individual query must contain
the same number of columns and be of compatible data types. For example, you could have an INT
column and a VARCHAR column line up as long as the VARCHAR column contains only numbers.
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Employee

PK BusinesEntitvlD SELECT BusinessEntitylDAS ID

I---+--------l FROMHumanResources,Employee

UNION

Person

PK BusinesEntitvlD
SELECT BusinessEntitylD

FROM Person.Person

UNION

SalesOrderHeader

PK SalesOrderlD
SELECT SalesOrderlD

FROM Sales.SalesOrderHeader

Figure 4-24. The diagram ofa UNION query

Type in and execute the code in Listing 4-17to learn how to use UNION.

Listing4-17. Using UNION

USE AdventureWorks2012j
GO

--1
SELECT BusinessEntityID AS ID
FROM HumanResources.Employee
UNION
SELECT BusinessEntityID
FROM Person.Person
UNION
SELECT SalesOrderID
FROM Sales.SalesOrderHeader
ORDER BY !OJ

--2
SELECT BusinessEntityID AS ID
FROM HumanResources.Employee
UNION ALL
SELECT BusinessEntityID
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FROM Person . Person
UNION ALL
SELECT SalesOrderID
FROMSales .SalesOrderHeader
ORDER BY !OJ

Notice th e difference in th e two qu eries in Listing 4-1 7. Figure 4-25 shows th e results . Query 2 uses
UNION ALL, which returns all rows, even if th ey are duplicat es. Leaving out th e keyword ALL elim inates th e
duplicates. The first query in th e UNION qu ery determin es th e number of colum ns and the name of each
column. When using a UNION qu ery, only one ORDER BY clause can be used , an d it will be located at th e
end of th e sta te ment.

10

1 [.i.:·~.·.]
2 2
3 3

15 5

10

I 1 l...!.....J
2 1

13 2
4 2
5 3

I
16 3

7

18 4

9 5

I 10 5

Figure 4-25. The results of UNION queries

A UNION query is often used to combine the results of two tabl es so that th ey look the same. For
example, a datab ase has separate customer tabl es for each division of the company. Byusing a UNION
qu ery, th e cu stomers can be displ ayed toge ther as if th ey were in th e same table . It is also po ssibl e to
wri te UNION qu eries using th e same tabl e.

When wri ting a UNION qu ery, you mus t make sure that both qu eries co nt ain th e same number of
columns in the resul ts and that th e data types are com patible . The first qu ery sets th e number of
columns and the name of each colum n. The sec ond and lat er queri es must m atch up to th e first query.
The data type of each column follows preced ence ru les, so you ca n't allow one qu ery to return an integer
whe re th e other qu ery returns a string. Run th ese pra ctice queri es to see what happens whe n a UNION
qu ery do esn 't follow th ese rules:
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--Incompatible types
SELECT 1
UNION ALL
SELECT 'a '
- -Number of columns don 't match up
SELECT 1
UNION ALL
SELECT 1,2

This section covered some alternate ways to ut ilize more than one table within a query. Practice
these techniques by completing Exercise 4-3.

EXERCISE 4-3

Use the AdventureWorks2012 database to complete this exercise. You can find the solutions inthe
Appendix.

1. Using asubquery, display the product names and product ID numbers from the
Production.Product table that have been ordered.

2. Change the query written inquestion 1 todisplay the products that have not been
ordered.

3. If the Production.ProductColor table is not part of the AdventureWorks2012
database, run the code inListing 4-11 tocreate it. Write aquery using asubquery
that returns the rows from the Production.ProductColor table that are not being
used in the Production.Product table.

4. Write a query that displays the colors used in the Production.Product table that are
not listed in the Production.ProductColor table using asubquery. Use the keyword
DISTINCTbefore the column name to return each color only once.

5. Write aUNION query thatcombines the ModifiedDate from Person.Person and the
HireDate from HumanResources.Employee.

Exploring Derived Tables and Common Table Expressions
Using der ived tables and common table expressions allows T-SQLdevelopers to solve some complica ted
query problems. You will find these techniques useful as you learn about aggregate que ries (Chapter 5)
and up dating data (Chapter 6). With on ly the skills you have learned so far. using these techniqu es does
not actually make writing queries any easier, but you will appreciate learning about them before you
progress to more advance d skills.
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Using Derived Tables
If you still work with some SQLServe r 2000 systems, you may work with derived tabl es. A derived table is
a subquery th at appears in th e FROMclau se. Actually, you may see derived tabl es with SQL Server 2005
and 2008 code, but starting with 2005, another option, common tabl e expressi ons, is available. You will
learn about comm on table express ions in th e next sec tion.

Derived tabl es allow develop ers to join to qu eries ins tead of tables so th at th e logic of the qu ery is
isolat ed . At th is po int, I just want you to learn how to wri te a query using a derived tabl e. This techniqu e
will be very useful as you learn to write more advanced queries. Here is th e syn tax:

SELECT <sel ect list> FROM <t abl el >
[INNER] JOIN (SELECT <sel ect list>

FROM <table2» AS B ON <tablel> .<coll> = B.<co12>

The syn tax shows INNER JOIN, but thi s could also be done with OUTER JOIN as well. Figure 4-26 shows
a diagram representing a LEFT OUTER JOIN qu ery join ing th e Sales.Cus tomer table to a query of th e
Sales.SalesOrderH ead er table as a derived table.

Sales.Customer

SalesOrderlD

CustomeriD

SELECT SalesOrderlD,
CustomerlD FROM
Sales.SalesOrderHeader

Figure 4-26. The diagram ofa derived query

Listing 4-18 demonst rat es how to use a derived table. Typ e in and execute th e cod e. Make sure you
take the time to understand ho w th is works with th ese simple exam ples even though a regular join
makes mo re se nse at thi s point.

Listing 4-18. Using a Derived Table

USE Adventure Works2012;
GO

SELECT c.CustomerID, s .SalesOrderID
FROMSales . Customer AS c
INNER JOIN (SELECT SalesOrderID, CustomerID

FROMSales .SalesOrderHeader) AS s ON c.CustomerID = s.CustomerID;
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Obviously, you could wri te th is query usin g a regular INNER JOIN. Figure 4-27 shows th e res ults.
Keep in mind th ree rules when using derived tabl es. Firs t, any columns th at will be needed outside th e
derived tabl e must be included in its SELECT list. Even though only Sales Orde rID appears in the m ain
SELECT list , Cus tomerID is required for joining. Second, the derived tabl e requires an alias. Use the alias
to refer to columns from the deri ved tabl e in the outer query. Finally, th e deri ved tabl e m ay con ta in
multiple tabl es, a WHEREclause, and even another deri ved tabl e.

Resu s

1

2

3

4

5
6

7

8

9

10

11

12

13

CustomerlD SalesOrderiD
r·,·,·OOO················-i 43793
t :

11000 51522

11000 57418

11001 43767

11001 51493

11001 72773

11002 43736

11002 51238

11002 53237

11003 43701

11003 51315

11003 57783

11 4381 0

Figure 4-27. The results ofa query with a virtual table

Using Common Table Expressions
Microsoft introduced th e comm on tabl e expression (CTE) feature with SQL Serve r 2005. This gives
developers another way to separa te out th e logic of one part of the query. Wh en writing a CTE, you
de fin e one or more queries up fro nt, which you can then im mediate ly use. This technique will come in
handy wh en learning more adva nced skills. For sim ple problems, th er e is no adva n tage over derived
tabl es, but CTEs have several adva nced fea tures cove red in Chap ter 11 th at are not ava ilable with
de rived tabl es. He re is th e simples t syntax:

WITH <CTE Name> AS (SELECT <sel ect list> FROM <t abl el »
SELECT <select list> FROM <table2 >
[INNER] JOIN <CTE Name> ON <t abl e2>.<col l> = <CTE Name >. <co12>

Type in and execute th e code in Listing 4-19. Again , th e exam ple is very sim ple but should help you
learn th e technique.
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Listing 4-19. Using a Common Table Expression

USE AdventureWorks2012;
GO

WITH orders AS (
SELECT Sa1esOrderID, CustomerID
FROM Sales.SalesOrderHeader
)

SELECT c.CustomerID, orders.SalesOrderID
FROM Sales.Customer AS c
INNER JOIN orders ON c.CustomerID = orders.CustomerID;

You can see the results in Figure 4-28. The CTE begins with the word WITH. Because WITH is a keyword
in several T-SQL commands, it must be either the first word in the batch, as in this example, or
proceeded by a semicolon. The word GO begins a new batch. Supply the CTE name followed by the
definition. The main query immediately follows the CTE definition. Treat the CTE as a regular table in
the main query. Once the query completes executing, the CTE goes out of scope and can no longer be
used.

I 1

1
2
3

5

6
1 7

1
8

9
I 10

'

11

12

113

CustomerlD SalesOrderlD

[~~:~:::.::::=::::] 43793
11000 51522

11000 57418

11001 43767

11001 51493

11 1 72773

11002 43736

11002 51238

11002 53237

11003 43701

11003 51315

11003 57783

11004 4381 0

Figure 4-28. The results ofa query using a CTE

Using a CTE to Solve a Complicated Join Problem
The examples in the previous sections on joining tables demonstrated very simple join conditions, one
or two columns from one table equal to the same number of columns in another table. Join conditions
may be much more complicated. For example, suppose you wanted to produce a list of all customers
along with the orders, if any, placed on a certain date. Figure 4-29 shows a diagram of this query. The
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left -hand circle rep resen ts the Customer table in the Adven tureWorks2012 database while the right­
hand circle represents the CTE. The Customer table is then joined to the results of the CTE query.

Sales.Customer

SalesOrderlD

CustomerlD

OrderDate

SELECT SalesOrderlD,
CustomerlD, OrderDate FROM
Sales.SalesOrderHeader WHERE
OrderDate ='2005/07/01'

Figure 4-29. A diagram ofa CTE qu ery

Listing 4-20 demonstrates the problem and how to solve it with a CTE.

Listing 4-20. Using a CTE to Solve a Problem

USE AdventureWorks2012;
GO

--1
SELECT c.CustomerID, s.SalesOrderID, s.OrderDate
FROM Sales.Customer AS c
LEFT OUTER JOIN Sales.SalesOrderHeader AS s ON c.CustomerID = s.CustomerID
WHERE s.OrderDate = '2005/07/01';

--2
WITH orders AS (

SELECT SalesOrderID, CustomerID, OrderDate
FROM Sales.SalesOrderHeader
WHERE OrderDate = '2005/07/01'
)

SELECT c.CustomerID, orders.SalesOrderID, orders .OrderDate
FROM Sales.Customer AS c
LEFT OUTER JOIN orders ON c.CustomerID = orders.CustomerID
ORDER BY orders.OrderDate DESC;

Take a look at the results in Figure 4-30 . Query 1 re tu rn s only the 43 rows with the specified order
date. The nonmatching rows dropped out of the query because of the NULLs and values other than
2005/07/01 in the OrderDate column. If you want to show all customers even if there is not an order
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OrderDate

2005-07-01 00:00:00.000

2 5-07-01 00:00:00.000

2005-07-01 00:00:00.000

2005-07-01 00:00:00.000

2005-07·01 00:00:00.000

2005-07-01 00:00:00.000

2 5-07-01 00:00:00.

2005-07·0100:00:00.000

2005-07-01 00:00:00.000

2005-07-01 00:00:00.000

2005-07-01 00:00:00.000

NULL

ULL

OrderDale

2005-07-01 00:00:00.000

2005-07-01 00:00:00.000

2005-07-01 00:00:00.000

2005-07·01 00:00:00.000

2005-07-01 00:00:00.000

2005-07-01 00:00: .000

2005-07·01 00:00:00.000

SalesOrderiD

43676

43659

43695

43668

43696

43674

43679

43677

43662

43661

43684

NULL

NULL

SalesOrderiD

43695

43696

43697

43698

43699

437

43701

29958

29849

21 768

28389

25863
14501

11 003

CustomeriD

29811

29825

29958

2961

29849

29596

29761

29824

29994

29734

29912

29945
29740, 45

placed on the specified date. then by adding the WHERE clause to the CTEinstead, the NULL values and
other OrderDate values do not cause any problems. and the correct results are returned.

Resu s [~ ~~~~~~~~_~~ ~
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CustomeriD
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1 38
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1

1 42
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L
r
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135
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1 40

41

42

43

44

Figure 4-30. The results ofusing a CTE to solve a tricky query

This section demonstrated how to use derived tables and common table expressions. The examples,
except for the last one, covered queries that you could have easily written using joins. In Chapter 5, you
will learn more examples of how to use these techniques when regular joins will not work. Practice
writing queries with derived tables and common table expressions by completing Exercise 4-4.
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EXERCISE 4-4

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions inthe
Appendix.

1. Using a derived table, join the Sales.SalesOrderHeader table to the
Sales.SalesOrderDetail table. Display the SalesOrderlD, OrderDate, and ProductlD
columns inthe results. The Sales.SalesOrderDetail table should be inside the
derived table query.

2. Rewrite the query inquestion 1 with a common table expression.

3. Write a query that displays all customers along with the orders placed in2005.
Use acommon table expression towrite the query and include the CustomerlD,
SalesOrderlD, and OrderDate columns in the results.

Thinking About Performance
Often, using different query techniques can produce the same execution plan, or at least similar
performance. To see an example of this, toggle on the Include Actual Execution Plan setting, and run
Listing 4-21, which shows two techniques to get the same results.

Listing 4-21. Comparing the Performance ofTwo Techniques

USE AdventureWorks2012;
GO

--1
SELECT DISTINCT c.CustomerID
FROM Sales.Customer AS c
INNER JOIN Sales.SalesOrderHeader AS 0 ON c.CustomerID = o.CustomerID;

--2
SELECT CustomerID
FROM Sales.Customer
WHERE CustomerID IN (SELECT CustomerID FROM Sales.SalesOrderHeader);

Figure 4-31 shows the identical execution plans. These queries produce identical results but with
very different techniques.
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Figure 4-3 1. The identical execution plans

As you learn to write more complicated queries, especially using aggregate fun ctions in Chapter 5,
you will learn that how you join the tables can make a big difference in performance. To experiment a bit
more with performance, complete Exercise 4-5.

EXERCISE 4-5

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions inthe
Appendix.

1. Run the following code toadd and populate a new column, OrderlD, tothe
Sales.SalesOrderDetail table. After running the code, the new column will contain
the same data as the SalesOrderlD column.

USE AdventureWorks2012 ;
GO
ALTER TABLE Sales.SalesOrderDetail ADD OrderID INT NULL ;
GO
UPDATE Sales. SalesOrderDetail SET OrderID = SalesOrderID;

2. Make sure that the Include Actual Execution Plan is turned on before running the
code below. View the execution plan , and explain why one query performs better
than the other.

- -1
SELECT o.SalesOrderID, d.SalesOrderDetailID
FROMSales .SalesOrderHeader AS 0

INNER JOIN Sales .SalesOrderDetail AS d ON o.SalesOrderID d.SalesOrderID;

166



CHAPTER 4 • QUERYING MULTIPLE TABLES

--2

SELECT o.SalesOrderID,d.SalesOrderDetailID
FROM Sales.SalesOrderHeader AS 0
INNER JOIN Sales.SalesOrderDetail AS d ON o.SalesOrderID = d.OrderID;

3. Compare the execution plans of the derived table example (Listing 4-18) and the
CTE example (Listing 4-19). Explain why the query performance is the same or
why one query performs better than the other.

Summary
For the data to make sense in reports and applications, tables must be joined together. As you can see
from the number of topics in this chapter, there are many ways to do it. Most queries will use the INNER
JOIN syntax, but for returning all the rows even if there is not a match, use an OUTER JOIN. After learning
about joins, you learned about subqueries in the WHERE clause using IN and UNION queries. Finally, the
chapter covered derived tables and common table expressions. which will help you solve more
intriguing query puzzles as you learn more advanced techniques.
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CHAPTER 5

Grouping and Summarizing Data

So far, you have learned to write simple queries that include filtering and ordering. You can also work
with expressions built with operators and functions . The previous chapter taught you how to write
queries with multiple tables so that the data makes sense in applications and reports. Now it's time to
learn about a special type of query, aggregate queries, used to group and summarize data. You may find
that writing aggregate queries is more challenging than the other queries you have learned so far, but by
taking a step-by-step approach, you will see that they are not difficult to write at all. Be sure to take the
time to understand the examples and complete all the exercises before moving on to the next section.

Aggregate Functions
You use aggregate functions to summarize data in queries. The functions that you worked with in
Chapter 3 operate on one value at a time . These functions operate on sets of values from multiple rows
all at once. For example, you may need to supply information about how many orders were placed and
the total amount ordered for a report. Here are the most commonly used aggregate functions:

• COUNT: Counts the number of rows or the number of non -NULL values in a column.

• SUM:Adds up the values in numeric or money data.

• AVG: Calculates the average in numeric or money data.

• MIN: Finds the lowest value in the set of values . This can be used on string data as
well as numeric, money, or date data.

• MAX: Finds the highest value in the set of values . This can be used on string data as
well as numeric, money, or date data.

Keep the following in mind when working with these aggregate functions:

• The functions AVG and SUM will operate only on numeric and money data columns.

• The functions MIN, MAX, and COUNT will work on numeric, money, string, and
temporal data columns.

• The aggregate functions will not operate on TEXT, NTEXT, and IMAGE columns. These
data types are deprecated, meaning that they may not be supported in future
versions of SQLServer.

• The aggregate functions ignore NULL values .

• COUNT can be used with an asterisk (*) to give the count of the rows even if all
the columns are NULL.
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• Once an aggregate function is used in a query, the query becomes an aggregate
query.

Here is the syntax for the simplest type of aggregate query where the aggregate function is used in
the SE LECT list:

SELECT <aggregate function>«col1»
FROM <table>

Listing 5-1 shows an example of using aggregate functions. Type in and execute the code to learn
how these functions are used over the entire result set.

Listing 5-1. Using Aggregate Functions

USE AdventureWorks2012;
GO

--1
SELECT COUNT(*) AS CountOfRows,

MAX(TotalDue) AS MaxTotal,
MIN(TotalDue) AS MinTotal,
SUM(TotalDue) AS SumOfTotal,
AVG(TotalDue) AS AvgTotal

FROM Sales.SalesOrderHeader;

--2
SELECT MIN(Name) AS MinName,

MAX(Name) AS MaxName,
MIN(SellStartDate) AS MinSellStartDate

FROM Production.Product;

Take a look at the results in Figure 5-1. The aggregate functions operate on all the rows in
the Sales.SalesOrderHeader table in query 1 and return just one row of results. The first expression,
CountOfRows, uses an asterisk (*) to count all the rows in the table. The other expressions perform
calculations on the TotalDue column. Query 2 demonstrates using the MIN and MAX functions on string
and date columns. In these examples, the SELECT clause lists only aggregate expressions. You will learn
how to add columns that are not part of aggregate expressions in the next section.

!e~ sJ

II @~:S~~::;~2~~:~~:~~.1 1 59 ;~~~_

I, r!.~.~.~.~~~:.~~:~] w:m: :lights.S
Figure 5-1. The results ofusing aggregate functions

Now that you know how to use aggregate functions to summarize a result set, practice what you
have learned by completing Exercise 5-1.
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EXERCISE 5-1

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions inthe
Appendix.

1. Write aquery todetermine the number ofcustomers inthe Sales.Customer table.

2. Write a query that lists the total number ofproducts ordered. Use the OrderQty
column of the Sales.SalesOrderDetail table and the SUM function.

3. Write aquery to determine the price of the most expensive product ordered. Use
the UnitPrice column ofthe Sales.SalesOrderDetail table.

4. Write a query to determine the average freight amount inthe
Sales.SalesOrderHeader table.

5. Write aquery using the Production.Product table that displays the minimum,
maximum, and average ListPrice.

The GROUP BY Clause
The previous example query and exercise questions listed only aggregate expressions in the SELECT list.
The aggregate functions operated on the entire result set in each query. By adding more nonaggregated
columns to the SELECT list, you add grouping levels to the query, which requires the use of the GROUP BY
clause. The aggregate functions then operate on the grouping levels instead of on the entire set of
results. This section covers grouping on columns and grouping on expressions.

Grouping on Columns
You can use the GROUP BY clause to group data so that the aggregate functions apply to groups of values
instead of the entire result set. For example, you may want to calculate the count and sum of the orders
placed, grouped by order date or grouped by customer. Here is the syntax for the GROUP BY clause:

SELECT <aggregate function>«coll», <co12>
FROM <table>
GROUP BY <co12>

One big difference you will notice once the query contains a GROUP BY clause is that additional
nonaggregated columns may be included in the SELECT list. Once nonaggregated columns are in the
SELECT list, you must add the GROUP BY clause and include all the nonaggregated columns. Run this code
example, and view the error message:

USE AdventureWorks2012;
GO
SELECT CustomerID,SUM(TotalDue) AS TotalPerCustomer
FROM Sales.SalesOrderHeader;

Figure 5-2 shows the error message. To get around this error, add the GROUP BYclause and include
nonaggregated columns in that clause. Make sure that the SELECTlist includes only those columns that
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you really need in th e res ults , be cause the SELECT list directly affect s which columns will be required in
th e GROUP BYclause.

~~
SI 8ue, rever 115, State 1. Line' 1

Colu ' Sl le s . S-Il es Of"de,..He dtr .Cust~rIO· is inv.lid 1n t"'e sdut list because
h 15 not contained in either an anr"uaU function or the GROUP BY chu$e .

100% . ,

Figure 5-2. The error message that results when the requ ired GROUP BY clause is missing

Type in and exec ute th e code in Listing 5-2, which demonst rates ho w to use GROUP BY.

Listing5-2. Using the GROUP BY Clause

USE AdventureWorks2012;
GO

--1
SELECT CustomerID,SUM(TotalDue) AS TotalPerCustomer
FROM Sales .SalesOrderHeader
GROUP BY CustomerID;

--2
SELECT Ter ritoryID,AVG(TotalDue) AS AveragePerTerritory
FROMSales .SalesOrderHeader
GROUP BY TerritoryID;

Take a look at th e res ults in Figure 5-3. Query 1 displ ays eve ry cus tomer with ord ers along
with th e sum of th e TotalDue for each cu stomer. Th e results are groupe d by th e Cus tomerID, and the
sum is applied over each group of rows. Query 2 retu rns th e average of th e TotalDue values grouped by
th e TerritoryID . In each case, th e nonaggregated colum n in th e SELECT list must appear in the GROUP
BY clause.
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Figure5-3. The results ofusing the GROUP BYclause

Any columns listed that are not part of an aggregate expression must be used to group the results.
Those columns must be included in the GROUP BY clause. Ifyou don't want to group on a column, don't
list it in the SELECT list. This is where developers struggle when writing aggregate queries, so I can't stress
it enough.

Grouping on Expressions
The previous examples demonstrated how to group on columns, but it is possible to also group on
expressions. You must include the exact expression from the SELECT list in the GROUP BY clause. Listing
5-3 demonstrates how to avoid incorrect results caused by adding a column instead of the expression to
the GROUP BY clause.

Listing5 ..3. How to Group on an Expression

Use AdventureWorks2012;
GO

--1
SELECT COUNT(*) AS CountOfOrders, YEAR(OrderDate) AS OrderYear
FROM Sales.SalesOrderHeader
GROUP BY OrderDate;
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--2
SELECT COUNT( *) AS CountOfOrders, YEAR(OrderDate) AS OrderYear
FROMSales .SalesOrderHeader
GROUP BY YEAR(OrderDate) j

You can find the res ults in Figure 5-4. Notice th at qu ery 1 will ru n, but instead of returning one row
per year, the query returns m ultipl e rows with unexpected values. Because the GROUP BY clause con tains
Ord erD ate, the grouping is on OrderD at e. The Coun tOfOrde rs expression is th e coun t by OrderD at e, not
OrderYear. The expression in th e SELECT list just changes how the data disp lays; it doesn 't affect th e
calculations .

Query 2 fixes this p robl em by including the exact expression from the SELECTlist in th e GROUP BY
clau se. Query 2 returns only on e row per year, and Coun tOfOrde rs is correc tly calculated.

Resu s I
-'== =-= = = =

CountOfOrders OrderYear
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CountOfOrders OrderYear
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2 13951 2 8

3 1379 2 5

4 3692 2006

Figure5-4. Using an expression in the GROUP BY cla use

You use aggregate functions along with the GROUP BY clau se to summarize data over groups of rows.
Be sure to practice wha t you have learned by com pleting Exercise 5-2 .

EXERCISE 5-2

Use the AdventureWorks2012 database tocomplete the exercise. You can find the solutions in the
Appendix.

1. Write aquery that shows the total number of items ordered foreach product. Use
the Sales.SalesOrderDetail table to write the query.
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2. Write aquery using the Sales.SalesOrderDetail table that displays a count of the
detail lines foreach SalesOrderlD.

3. Write aquery using the Production.Product table that lists a count ofthe products
ineach product line.

4. Write aquery that displays the count oforders placed by year for each customer
using the Sales.SalesOrderHeader table.

The ORDER BY Clause
You already know how to use the ORDER BY clause, but special rules exist for using the ORDER BY clause in
aggregate queries. If a nonaggregate column appears in the ORDER BY clause, it must also appear in the
GROUP BY clause, just like the SELECT list. Here is the syntax:

SELECT <aggregate function>«coll»,<co12>
FROM <tablel>
GROUP BY <co12>
ORDER BY <co12>

Type in the following code to see the error that results when a column included in the ORDER BY
clause is missing from the GROUP BY clause:

USE AdventureWorks2012;
GO

SELECT CustomerID,SUM(TotalDue) AS TotalPerCustomer
FROM Sales.SalesOrderHeader
GROUP BY CustomerID
ORDER BY TerritoryID;

Figure 5-5 shows the error message that results from running the code. To avoid this error, make
sure that you add only those columns to the ORDER BYclause that you intend to be grouping levels.

II Messages
SI: 8127,'--:-l~-v--'d:--::-16:-,-S::-:t-llt'--~---:-1,---:-li;-n-~-,4------------------------,

Co1u n ·Sll1es .Sa1esOrd~rH~lld~r .T~rritoryID· is invlliid in th~ ORDER BY c1aus~

l)eC llUS~ it is not contllin~d in eith~r lln llllrel te function or th~ GROUP BY c1 use.

100 % • • '"
Figure 5-5. The error message resultingfrom including a column in the ORDER BYclause that is not a

grouping level

Listing 5-4 demonstrates how to use the ORDER BY clause within an aggregate query. Be sure to type
in and execute the code.
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Listing 5-4. Using ORDER BY

USE AdventureWorks2012;
GO

--1
SELECT CustomerID,SUM(TotalDue) AS TotalPerCustomer
FROMSales .SalesOrderHeader
GROUP BY CustomerID
ORDER BY CustomerID;

--2
SELECT TerritoryID,AVG(TotalDue) AS AveragePerTerritory
FROMSales.SalesOrderHeader
GROUP BY TerritoryID
ORDER BY TerritoryID;

--3
SELECT CustomerID,SUM(TotalDue) AS TotalPerCustomer
FROMSales .SalesOrderHeader
GROUP BY CustomerID
ORDER BY SUM(TotalDue) DESC ;

View the results of Listing 5-4 in Figure 5-6.Asyou can see, the ORDER BY clause follows the same
rules as the SE LECT list. Queries 1and 2 return the results in the order of the nonaggregated column that
is listed in the GROUP BY clause. Query 3 displays the results in the order of the sum ofTotalDue in
descending order.
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Figure 5-6. Using ORDER BY

The WHERE Clause
The WHERE clause in an aggregate query may contain anything allowed in the WHERE clause in any other
query type. It may not, however, contain an aggregate expression. You use the WHERE clause to eliminate
rows before the groupings and aggregates are applied. To filter after the groupings are applied, you will
use the HAVING clause. You'll learn about HAVING in the next section. Type in and execute the code in
Listing 5-5, which demonstrates using the WHERE clause in an aggregate query.
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Listing 5-5. Using the WHERE Clause

USE AdventureWorks20i2;
GO
SELECT CustomerID,SUM(TotalDue) AS TotalPerCustomer
FROM Sales.SalesOrderHeader
WHERE TerritoryID in (5,6)
GROUP BY CustomerID;

The results in Figure 5-7 contain only those rows where the TerritoryID is either 5 or 6. The query
eliminates the rows before the grouping is applied. Notice that TerritoryID doesn't appear anywhere in
the query except for the WHERE clause. The WHERE clause may contain any of the columns in the table
as long as it doesn't contain an aggregate expression.

_~eslJ s_L _
CustomerlD TotalPerCustomer

1 [i~~iL=~~] 5257.6232
2 18237 2562.4508

3 26040 3335.2547

4 18546 32.5754

5 29761 68068.6803

I 6 30093 111168.3274

7 28101 87.2729

I 8 17026 288.836

9 18523 1n.8388

10 18855 1276.8054

Figure 5-7. The results ofusing the WHERE clause in an aggregate query

The HAVING Clause
To eliminate rows based on an aggregate expression, use the HAVING clause. The HAVING clause may
contain aggregate expressions that do or do not appear in the SELECT list. For example, you could write a
query that returns the sum ofthe total due for customers who have placed at least ten orders. The count
ofthe orders doesn 't have to appear in the SELECT list. Alternately, you could include only those
customers who have spent at least $10,000 (sum of total due), which does appear in the list.

You can also include nonaggregate columns in the HAVING clause as long as the columns appear in
the GROUP BY clause. In other words, you can eliminate some of the groups with the HAVING clause.
Behind the scenes, however, the database engine may move that criteria to the WHERE clause because it is
more efficient to eliminate those rows first. Criteria involving nonaggregate columns actually belongs in
the WHERE clause, but the query will still work with the criteria appearing in the HAVING clause.

Most of the operators such as equal to (=), less than «), and between that are used in the WHERE
clause will work. Here is the syntax:

SELECT <aggregate functioni>«coli»,<co12>
FROM <tablei>
GROUP BY <co12>
HAVING <aggregate function2>«co13» = <value>
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Like the GROUP BY clause, the HAVING clause will be in aggregate queries only. Listing 5-6
demonstrates the HAVING clause. Be sure to type in and execute the code.

Listing 5-6. Using the HAVING Clause

USE AdventureWorks2012;
GO

--1
SELECT CustomerID,SUM(TotalDue) AS TotalPerCustomer
FROM Sales.SalesOrderHeader
GROUP BY CustomerID
HAVING SUM(TotalDue) > 5000;

--2
SELECT CustomerID,SUM(TotalDue) AS TotalPerCustomer
FROM Sales.5alesOrderHeader
GROUP BY CustomerID
HAVING COUNT(*) = 10 AND SUM(TotalDue) > 5000;

--3
SELECT CustomerID,5UM(TotalDue) AS TotalPerCustomer
FROM Sales.SalesOrderHeader
GROUP BY CustomerID
HAVING CustomerID > 27858;

You can find the results in Figure 5-8. Query 1 shows only the rows where the sum of the TotalDue
exceeds 5,000. The TotalDue column appears within an aggregate expression in the SELECT list. Query 2
demonstrates how an aggregate expression not included in the SELECT list may be used (in this case, the
count ofthe rows) in the HAVING clause. Query 3 contains a nonaggregated column, CustomerlD, in the
HAVING clause, but it is a column in the GROUP BY clause. In this case, you could have moved the criteria to
the WHERE clause instead and received the same results.

179



CHAPTER 5 • GROUPING AND SUMMARIZING DATA

~
12
13

4

5

6

7

8

Resu s I
'=-=-"="""',....-,,= = =

CustomertD TotalPelCustomer

LI~.~.?E:~~:~] 5659.1783
15675 7963.05

11453 9035.563

14155 6622.5524

12804 6572.7942

30030 68644.5658

13050 6244.6309

28264 6627.0497

CustomerlD TotalPelCustomer
1"'29830---- '1 38452.4651
1. _ _.;

29842 156413.2374

29622 262408.3464

29588 17361.1884

29508 10227.5269

29569 24082.9023

29961 79847.8229

29606 16030.152

r
I ~
13
1

4
1 5
1 6
1 7

18
..:

r--CustomerID T otalPelCustomer

I ~ r~:~~:'-" ---l ~~~~74

1

3 28387 645.2869

4 28032 83.3944

5 29761 68068.6803
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7 30093 111168.3274

I 8 28101 87.2729

Figure 5-8. The partial results ofusing the HA VINGclause

Develop ers often struggle when trying to figure out whether the filter criteria belongs in the WHERE
clause or in the HAVING clause. Here's a tip: you must know the ord er in which the database engine
pro cesses the clauses. First, review the order in which you write the clauses in an aggrega te query.

• SELECT

• FROM

• WHERE

• GROUP BY

• HAVING
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• ORDER BY

The database engine pro cesses the WHERE clause before the groupings and aggregates are applied.
Here is the order that the database engine actua lly processes the query:

• FROM

• WHERE

• GROUP BY

• HAVING

• ORDER BY

• SELECT

The database engine proc esses the WHERE clause before it processes the group ings and aggregates.
Use the WHERE clause to completely elimina te rows from the query . For example, your query might
eliminate all the orders except those placed in 2011. The database engine pro cesses the HAVING clause
after it processes the grou pings and aggregates. Use the HAVING clause to eliminate rows based on
aggregate expressions or groupings. For example, use the HAVING clause to remove the customers who
have placed fewer than ten orders. Practice wha t you have learn ed about the HAVING clause by
completing Exercise 5-3.

EXERCISE 5-3

Use the AdventureWorks2012 tocomplete this exercise. You can find the solutions in the Appendix.

1. Write a query that returns a count ofdetail lines inthe Sales.SalesOrderDetail
table by SalesOrderlD. Include only those sales that have more than three detail
lines.

2. Write aquery that creates asum of the LineTotal inthe Sales.SalesOrderDetaii
table grouped by the SalesOrderlD. Include only those rows where the sum
exceeds 1,000.

3. Write a querythat groups the products by ProductModeliD along with a count.
Display the rows that have a count that equals 1.

4. Change the query inquestion 3 so that only the products with the color blue or red
are included.
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DISTINCT
You can use the keyword DISTINCT in any SELECT list. For example, you can use DISTINCT to eliminate
duplicate rows in a regular query. This section discusses using DISTINCT and aggregate queries.

Using DISTINCT vs. GROUP BY
Developers often use the DISTINCT keyword to eliminate duplicate rows from a regular query. Be careful
when tempted to do this; using DISTINCT to eliminate duplicate rows may be a sign that there is a
problem with the query. Assuming that the duplicate results are valid, you will get the same results by
using GROUP BY instead. Type in and execute the code in Listing 5-7 to see how this works.

Listing 5-7. Using DISTINCT and GROUPBY

Use AdventureWorks2012;
GO

--1
SELECT DISTINCT SalesOrderID
FROM Sales.SalesOrderDetail;

--2
SELECT SalesOrderID
FROM Sales.SalesOrderDetail
GROUP BY SalesOrderID;

Queries 1 and 2 return identical results (see Figure 5-9). Even though query 2 contains no aggregate
expressions, it is still an aggregate query because GROUP BYhas been added. By grouping on
SalesOrderlD, only the unique values show up in the returned rows .

182



1

2

3
4

5
6

7

8

1

2

3
4

5
6

7

8

Resu s I
SalesOrderlD

[~.~~.~~'.:'~:~:::=:.'.'.'.]
43660
43661
43662
43663
43664
43665
43666

SalesOrderlD
1""·43659--- -······-··,
l _ _ _ .:

43660
43661
43662
43663
43664
43665
43666

CHAPTER 5 • GROUPING AND SUMMARIZING DATA

Figure5-9. The results o!DISTINCTvs. GROUP BY

DISTINCT Within an Aggregate Expression
Youmay also use DISTINCT within an aggregatequery to cause the aggregatefunctions to operate on
unique values.For example, instead of the count of rows, you could write a query that counts the
number ofunique values in a column. Type in and execute the code in Listing 5-8 to see how this works.

Listing5-8. Using DISTINCT in an Aggregate Expression

USE AdventureWorks2012;
GO

--1
SELECT COUNT(*) AS CountOfRows,

COUNT(Sa1esPersonID) AS CountOfSa1esPeop1e,
COUNT(DISTINCT Sa1esPersonID) AS CountOfUniqueSa1esPeop1e

FROM Sa1es.Sa1esOrderHeader;

--2
SELECT SUM(Tota1Due) AS Tota10fA110rders,

SUM(Distinct Tota1Due) AS Tota10fDistinctTota1Due
FROM Sa1es.Sa1esOrderHeader;
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Take a look at the results in Figure 5-10. Query 1 con tains three aggregate expressi ons all
using COUNT. The first one counts all rows in the table. The second expression counts the values in
SalesPersonID . The expression returns a much smaller value because the data contains many NULL
values, which are ignor ed by the aggregate function. Finally, the third expression returns the count of
unique SalesPersonID values by using the DISTINCT keyword .

Query 2 demonstrates that DISTINCT works with other aggregate functions, not just COUNT. The
first expression returns the sum of TotalDue for all rows in the table. The second expression returns the
sum of unique TotalDue values .

CountOfRows CountOfSalesPeople
r·"j'·465·····················..j 3806
~ J

CountOfUniqueSalesPeople

17

TotalOfAIIOrders To alOfDistindTotalDue
r··'·232'·6786:·'·'59····..··· ·..············· · ··..·······1 91735344.3814
~ __ __ i

Figure 5-1 O. Using DISTIN CT in an aggregate expression

You can use DISTINCT either to return unique rows from your que ry or to make your aggregate
expression ope rate on unique values in your dat a. Practice what you have learned by completing
Exercise 5-4.

EXERCISE 5-4

Write aquery using the Sales.SalesOrderDetail table tocome up with a count of
unique ProductlD values that have been ordered.

Write aquery using the Sales.SalesOrderHeader table that returns the count of
unique TerritorylD values per customer.

2.

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions inthe
Appendix.

1.

Aggregate Queries with More Than One Table
So far, the examples have demonstrated how to write aggregate queries involving just one table. You
may use aggregate expressi ons and the GROUP BY and HAVING clauses when joining tables as well; the
same rules apply. Type in and execute the code in Listing 5-9 to learn how to do th is.
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Listing 5-9. Writing Aggregate Queries with Two Tables

USE AdventureWorks2012;
GO

--1
SELECT c.CustomerID, c.AccountNumber, COUNT(*) AS CountOfOrders,

SUM(TotalDue) AS SumOfTotalDue
FROMSales.Customer AS c
INNER JOIN Sales .SalesOrderHeader AS s ON c.CustomerID = s .CustomerID
GROUP BY c.CustomerID, c.AccountNumber
ORDER BY c.CustomerID;

--2
SELECT c.Cust omer ID, c.AccountNumber, COUNT(*) AS CountOfOrders,

SUM(TotalDue) AS SumOfTotalDue
FROMSales .Customer AS c
LEFT OUTER JOIN Sales.SalesOrderHeader AS s ON c.CustomerID = s.CustomerID
GROUP BY c.CustomerID, c.AccountNumber
ORDER BY c.CustomerID;

- -3
SELECT c.Cust omer ID, c.AccountNumber,COUNT(s.SalesOrderID) AS CountOfOrders,

SUM(COALESCE(TotalDue ,O)) AS SumOfTotalDue
FROMSales .Customer AS c
LEFT OUTER JOIN Sales .SalesOrderHeader AS s ON c.CustomerID = s.CustomerID
GROUP BY c.CustomerID, c.AccountNumber
ORDER BY c.CustomerID;

You can see the results of Listing 5-9 in Figure 5-11. All three queries join the Sales.Customer and
Sales.SalesOrderHeader tables together and attempt to count the orders placed and calculate the sum of
the total due for each customer.
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Figure S-ll. The partial results ofusing aggregates with multiple tables

Using an INNER JOIN, query 1 includes only the cus tomers who have placed an order. By changing to
a LEFT OUTER JOIN, query 2 includes all cus tomers but incor rectly returns a count of 1 for customers with
no orders and returns a NULL for th e SumOITotalDue when you probably wa nt to see O. Query 3 solves
the first problem by changing COUNT(*) to COUNT(s. SalesOrderID) , which elim inates the NULL values and
correctly retu rns 0 for those cu stomers who have not pla ced an orde r. Query 3 solves the second
problem by using COALESCE to cha nge th e NULL value to O.

Remember that writing aggregate qu eries with multiple tables is really not different from with just
one tabl e; the same rule s apply. You can use your kno wledge from the previou s chapters, such as how to
write a WHEREclau se and ho w to join tables to write aggregate queries. Pra ctice what you have learned by
completing Exercise 5-5.

EXERCISE 5-5

Use the AdventureWorks2012 database to complete this exercise. You can find the solutions inthe
Appendix.

1. Write aquery joining the Person.Person, Sales.Customer, and
Sales.SalesOrderHeader tables to return a listof the customer names along with a
count of the orders placed.
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2. Write aquery using the Sales.SalesOrderHeader, Sales.SalesOrderDetail, and
Production.Product tables todisplay the total sum ofproducts by ProductlD and
OrderDate.

Isolating Aggregate Query Logic
Several techniques exist that allow you to separate an aggregate query from the rest of the statement.
Sometimes this is necessary because the grouping levels and the columns that must be displayed are not
compatible. This section will demonstrate these techniques.

Using a Correlated Subquery in the WHERE Clause
In Chapter 4 you learned how to add subqueries to the WHERE clause. Developers often use another type
of subquery, the correlated subquery, to isolate an aggregate query. In a correlated subquery, the
subquery refers to the outer query within the subquery's WHERE clause.

You will likely see this query type used, so I want you to be familiar with it, but other options shown
later in the section will be better choices for your own code. Here is the syntax:

SELECT <select list>
FROM <table1>
WHERE <value or column> = (SELECT <aggregate function>«col1»

FROM <table2>
WHERE <co12> = <table1>.<co13»

Notice that the predicate in the WHERE clause contains an equal to (=) operator instead of the IN
operator. Recall that the subqueries described in the "Using a Subquery in an IN List" section in Chapter
4 require the INoperator because the subquery returns multiple rows . The query compares the value
from a column in the outer query to a list of values in the subquery when using the INoperator. When
using a correlated subquery, the subquery returns only one value for each row of the outer query, and
you can use the other operators, such as equal to. In this case, the query compares a value or column
from one row to one value returned by the subquery. Take a look at Listing 5-10, which demonstrates
this technique.

Listing 5-1 O. Using a Correlated Subquery in the WHERE Clause

Use AdventureWorks2012;
GO

--1
SELECT CustomerID, SalesOrderID, TotalDue
FROM Sales.SalesOrderHeader AS soh
WHERE 10 =

(SELECT COUNT(*)
FROM Sales.SalesOrderDetail
WHERE SalesOrderID = soh.SalesOrderID);
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--2
SELECT CustomerID, SalesOrderID, TotalDue
FROM Sales.SalesOrderHeader AS soh
WHERE 10000 <

(SELECT SUM(TotalDue)
FROM Sales.SalesOrderHeader
WHERE CustomerID = soh.CustomerID);

--3
SELECT CustomerID
FROM Sales.Customer AS c
WHERE CustomerID > (

SELECT SUM(TotalDue)
FROM Sales.SalesOrderHeader
WHERE CustomerID = c.CustomerID);

You can see the partial results in Figure 5-12 . Query 1 displays the Sales.SalesOrderHeader rows
where there are ten matching detail rows. Inside the subquery's WHERE clause, the SalesOrderID from the
subquery must match the SalesOrderID from the outer query. Usually when the same column name is
used, both must be qualified with the table name or alias. In this case, if the column is not qualified, it
refers to the tables in the subquery. Of course, if the subquery contains more than one table, you may
have to qualify the column name.
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Figure 5-12. A correlated subquery in the WHERE clause

Query 2 displays rows from the Sales .Sales OrderHeader table but only for customers who have the
sum of TotalDue greater than 10,000. In this case, the CustomerID from the outer query must equal the
CustomerID from the subquery. Query 3 demonstrates how you can compare a column to the results of
the aggregate expression in the sub query. The query compares the CustomerID to the sum of the orders
and displays the customers who have ordered less than the CustomerID. Of course, this particular
example may not make sense from a business rules perspective, but it shows that you can compare a
column to the value of an aggregate function using a correlated subquery.
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Inline Correlated Subqueries
You may also see correlated subqueries used within the SELECT list. I really don't recommend this
technique because if the query contains more than one correlated sub query, performance deteriorates
quickly. You will learn about better options later in this section. Here is the syntax for the inline
correlated subquery:

SELECT <select list>,
(SELECT <aggregate function>«coll»

FROM <table2> WHERE <co12> = <tablel>.<co13» AS <alias name>
FROM <tablei>

The subquery must produce only one row for each row of the outer query, and only one expression
may be returned from the subquery. Listing 5-11 shows two examples of this query type .

Listing 5-11. Using an Inline Correlated Subquery

USE AdventureWorks2012j
GO

--1
SELECT CustomerID,

(SELECT COUNT(*)
FROM Sales.SalesOrderHeader
WHERE CustomerID = C.CustomerID) AS CountOfSales

FROM Sales.Customer AS C
ORDER BY CountOfSales DESCj

--2
SELECT CustomerID,

(SELECT COUNT(*) AS CountOfSales
FROM Sales.SalesOrderHeader
WHERE CustomerID = C.CustomerID) AS CountOfSales,

(SELECT SUM(TotalDue)
FROM Sales.SalesOrderHeader
WHERE CustomerID = C.CustomerID) AS SumOfTotalDue,

(SELECT AVG(TotalDue)
FROM Sales.SalesOrderHeader
WHERE CustomerID = C.CustomerID) AS AvgOfTotalDue

FROM Sales.Customer AS C
ORDER BY CountOfSales DESCj

You can see the results in Figure 5-13 . Query 1 demonstrates how an inline correlated subquery
returns one value per row. Notice the WHERE clause in the sub query. The CustomerID column must be
equal to the CustomerID in the outer query. The alias for the column must be added right after the
subquery definition, not the column definition.
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Figure5-13. Using an inline correlated subquery

Norma lly, when working with the same column name from two tables, both must be qualified.
Within the subquery, ifthe colu mn is not qualified, the column is assumed to be from the table within
the subquery. If the subquery involves multiple tables, well, then you will probably have to qualify the
columns.

Notice that Query 2 contain s three correlated subqueries because thr ee values are required.
Although one correlated subquery doesn't usually cause a problem , performan ce quickly deteriorates as
additional correlated subqueries are added to the query. Luckily, oth er techniques exist to get the same
results with bett er performan ce.

Using Derived Tables
In Cha pter 4 you learned about derived tables. You can use derived tables to isolate the aggregate query
from the rest of the query, especially when working with SQLServer 2000, without a performanc e hit.
Here is the syntax:

SELECT <C011>,<co14> ,<co13> FROM<t abl e1> AS a
INNER JOIN

(SELECT <aggregate function>«co12» AS <co14>, <co13>
FROM <table2> GROUP BY <co13» AS b ON a.<col1> = b.<co13>

Listing 5-12 shows how to use th is techn ique. Type in and execute the code.

Listing 5-12. Using a Derived Table

USE AdventureWorks2012;
GO

SELECT c.CustomerID,CountOfSales,
SumOfTotalDue , AvgOfTotalDue

FROMSales.Customer AS c INNER JOIN
(SELECT CustomerID, COUNT( *) AS CountOfSales ,
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SUM(TotalDue) AS SumOfTotalDue,
AVG(TotalDue) AS AvgOfTotalDue

FROM Sales.SalesOrderHeader
GROUP BY CustomerID) AS 5

ON c.CustomerID = s.CustomerID;

You can see the results in Figure 5-14. This query has much better performance than the second
query in Listing 5-11, but it produces the same results. Remember that any column required in the outer
query must be listed in the derived table. You must also supply an alias for the derived table.

1

2

3

4

5

6

7

8

CustomerlD CountOfSales

[~5~.~.·.?~~~~~~"~~~~.·".] 2
11013 2

11014 2

11021 1

11022 1

11040 1

11062 1

11063 1

SumOfTolalDue

89.7923

125.9258

152.9873

2621.0158

2566.1194

2597.8108

2598.9158

2622.1098

AvgOfTotalDue

44.8961

62.9629

76.4936

2621 .0158

2566.1194

2597.8108

2598.9158

2622.1098

Figure 5-14. The partial results ofusing a derived table

Besides the increase in performance, the derived table may return more than one row for each row
of the outer query, and multiple aggregates may be included. If you are working with some legacy SQL
Server 2000 systems, keep derived tables in mind for solving complicated T-SQL problems.

Common Table Expressions
You learned about common table expressions (CTEs) in Chapter 4. A CTE also allows you to isolate the
aggregate query from the rest of the statement. The CTE is not stored as an object; it just makes the data
available during the query. Here is the syntax:

WITH <cteName> AS (SELECT <aggregate function>«co12» AS <co14>, <co13>
FROM <table2> GROUP BY <co13»

SELECT <col1>,<co14>,<co13>
FROM <table1> INNER JOIN b ON <cteName>.<col1> = <table1>.<co13>

Type in and execute the code in Listing 5-13 to learn how to use a CTE with an aggregate query.

Listing 5-13. Using a Common Table Expression

USE AdventureWorks2012;
GO

WITH 5 AS
(SELECT CustomerID, COUNT(*) AS CountOfSales,

SUM(TotalDue) AS SumOfTotalDue,
AVG(TotalDue) AS AvgOfTotalDue
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FROM Sales.SalesOrderHeader
GROUP BY CustomerID)

SELECT c.CustomerID,CountOfSales,
SumOfTotalDue, AvgOfTotalDue

FROM Sales.Customer AS c INNER JOIN s
ON c.CustomerID = s.CustomerID;

Figure 5-15 displays the results. This query looks a lot like the one in Listing 5-12, just rearranged a
bit. At this point, there is no real advantage to the CTEover the derived table, but it is easier to read, in
my opinion. CTEs have several extra features that you will learn about in Chapter 11.

1

12
13

14
15

I ~
I

18

CustomerlD CountOfSales

[·..,·,·0,·2..······..·····..·1 2
, ..
11013 2

11014 2

11021 1

11022 1

11040 1

11062 1

11063 1

SumOfTotalDue

89.7923

125.9258

152.9873

2621.0158

2566.1194

2597.8108

2598.9158

2622.1098

AvgOfTotalDue

44.8961

62.9629

76.4936

2621.0158

2566.1194

2597.8108

2598.9158

2622.1098

Figure 5-15. Using a common table expression

Using Derived Tables and CTEs to Display Details
Suppose you want to display several nonaggregated columns along with some aggregate expressions
that apply to the entire result set or to a larger grouping level. For example, you may need to display
several columns from the Sales.SalesOrderHeader table and calculate the percent of the TotalDue for
each sale compared to the TotalDue for all the customer's sales. If you group by CustomerID, you can 't
include other nonaggregated columns from Sales.SalesOrderHeader unless you group by those columns.
To get around this, you can use a derived table or a CTE. Type in and execute the code in Listing 5-14 to
learn this technique.

Listing 5-14. Displaying Details

USE AdventureWorks2012;
GO

--1
SELECT c.CustomerID, SalesOrderID, TotalDue, AvgOfTotalDue,

TotalDue/SumOfTotalDue * 100 AS SalePercent
FROM Sales.SalesOrderHeader AS soh
INNER JOIN

(SELECT CustomerID, SUM(TotalDue) AS SumOfTotalDue,
AVG(TotalDue) AS AvgOfTotalDue
FROM Sales.SalesOrderHeader
GROUP BY CustomerID) AS c ON soh.CustomerID = c.CustomerID

ORDER BY c.CustomerID;

193



CHAPTER 5 • GROUPING AND SUMMARIZING DATA

--2
WITH c AS

(SELECT CustomerID, SUM(TotalDue) AS SumOfTotalDue,
AVG(TotalDue) AS AvgOfTotalDue

FROM Sales .SalesOrderHeader
GROUP BY CustomerID)

SELECT c .CustomerID, SalesOrderID , TotalDue,AvgOfTotalDue,
TotalDue/SumOfTotalDue * 100 AS SalePercent

FROM Sales .SalesOrderHeader AS soh
INNER JOIN c ON soh .CustomerID = c .CustomerID
ORDER BY c .CustomerID j

Take a look at th e results in Figure 5- 16. The que ries return the same results and just use differ ent
techniques. Insi de the derived tab le or CTE, th e data is gro uped by Cus tomerlD. The outer qu ery
co nta ins no groupi ng at all, and any co lum ns can be used. Either of th ese tech niques performs m uch
better than the eq uivalent query written with corre la ted subqueries .

CustomeriD SalesOrderlD TotalDue AvgOfTotalDue SaePercent

1 1 [2~~-=~~~~--'i 43793 3756.989 3038.378 41.21

2 11000 51522 2587.8769 3038.378 28.39

3 11000 57418 2770.2682 3038.378 30.39
4 11 001 51493 2674.0227 2351 .3958 37.90

5 11 001 43767 3729.364 2351.3958 52.86

6 11 001 72773 650.8008 2351 .3958 9.22
' 7 11002 43736 3756.989 2988.6714 41.90
18 11002 51238 2535.964 2988.6714 28.28

- -
CustomerlD SaesOrderlD TotalDue AvgOfTotalDue SaePercenl

1 f,iooo---'--'! 43793 3756.989 3038.378 41.21l __ _ --.-J

2 11000 51522 2587.8769 3038.378 28.39

3 11000 57418 2770.2682 3038.378 30.39

4 11 001 51493 2674.0227 2351 .3958 37.90

5 11 001 43767 3729.364 2351.3958 52.86

6 11 001 72773 650.8008 2351 .3958 9.22

7 11002 43736 3756.989 2988.6714 41.90

8 11002 51238 2535.964 2988.6714 28.28

Figure 5-16. The results of disp laying details with a derived table and a CTE

The OVER Clause
The OVER clau se p rovides a way to add aggregate values to a no naggregate qu ery. For example, you may
need to write a report that compares the to tal due of each order to the to tal du e of th e average ord er. The
query is not really an aggregate qu ery, but one aggregate va lue from the entire res ults se t or a gro uping
level is req uired to perform th e calculation . Her e is the syntax:

SELECT <Col l >,<aggregat e function >«co12» OVER([PARTITION BY <co13>] )
FROM <t abl el>
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Type in an d execute the cod e in Listing 5-15 to learn how to use OVER.

Listing 5-15. Using the OVER Clause

USE AdventureWorks2012;
GO

SELECT CustomerID, SalesOrderID, TotalDue,
AVG(TotalDue) OVER(PARTITION BY CustomerID) AS AvgOfTotalDue,
SUM(TotalDue) OVER(PARTITION BY CustomerID) AS SumOfTOtalDue ,
TotalDue/(SUM(TotalDue) OVER(PARTITION BY CustomerID)) * 100

AS SalePercentPerCustomer,
SUM(TotalDue) OVER() AS SalesOverAll

FROMSales .SalesOrderHeader
ORDER BY CustomerID;

Figure 5-17 displays the results. The PARTITION BYpart of the express ions specifies the grouping
over which the aggrega te is calculated. In this exam ple, when partitioned by CustomerID, the fun ction
calculates the value grouped over Custome rID. When no PARTITION BY is specified, as in the
SalesOverAllcolu mn, the aggrega te is calculated over the en tire result set.

Resu~s I
CustomeflD SaesOrderi0 TotaiDue AvgOfTotalDue SumOfTOtalDue SaePen:entPefCustomer SaesOver I

1 1""'-'''--''''- '''''-'''1 3756.989 3038.378 9115.1341 41.21 123216786.11591..~_~.,_ ..__ .J 43i93
2 11000 57418 2iiO.2682 3038.378 9115.1341 30.39 123216786.11 59

3 11000 51522 2587.8769 3038.378 9115,1341 28.39 123216786.1159
4 11001 43767 3i29.364 2351 .3958 7054.1875 52.86 123216786.1159

5 11001 nrn 650.8008 2351 .3958 7054.1875 9.22 123216786.1159

6 11001 51493 2674.0227 2351 .3958 7054.1875 37.90 123216786.1159

7 11002 51238 2535.964 2988.6714 8966,0143 28.28 123216786.1159

8 11002 43736 3756.989 2988.6714 8966,0143 41.90 123216786.1159

Figure 5-17. Using the OVER clause

You can also include a GROUP BYin the overall query. Be careful here becau se any columns that are
part ofthe OVER clause aggrega te must be grouped. Ifyou nee d to do this, you are probably bett er off
solving the problem with a CTE.

The OVER clause allows you to add an aggregate function to an otherwise nonaggregate query.
Practice using the OVER clau se by completing Exercise 5-65.

EXERCISE 5-6

Use the AdventureWorks2012 database to complete this exercise. You can find the solutions inthe
Appendix.

1. Write aquery that joins the HumanResources.Employee table to the Person.Person
table so that you can display the FirstName, LastName, and HireDate columns for

195



CHAPTER 5 • GROUPING AND SUMMARIZING DATA

each employee. Display the JobTitle along with a count ofemployees forthe title.
Use aderived table tosolve this query.

2. Rewrite the query from question 1 using a CTE.

3. Rewrite the query from question 1 using the OVER clause.

4. Display the CustomerlD, SalesOrderlD, and OrderDate foreach
Sales.SalesOrderHeader row as long as the customer has placed at least five
orders. Use any of the techniques from this section tocome up with the query.

GROUPING SETS
GROUPING SETS, when added to an aggregate query, allows you to combine different grouping levels
within one statement. This is equivalent to combining multiple aggregate queries with UNION. For
example, suppose you want the data summarized by one column combined with the data summarized
by a different column. Just like MERGE, this feature is very valuable for loading data warehouses and data
marts. When using GROUPING SETS instead of UNION, you can see increased performance, especially when
the query includes a WHERE clause and the number of columns specified in the GROUPING SETS clause
increases. Here is the syntax:

SELECT <COll>,<co12>,<aggregate function>«co13»
FROM <tab lei>
WHERE <criteria>
GROUP BY GROUPING SETS «COll>,<co12»

Listing 5-16 compares the equivalent UNION query to a query using GROUPING SETS. Type in and
execute the code to learn more.

Listing 5-16. Using GROUPING SETS

USE AdventureWorks2012;
GO

--1
SELECT NULL AS SalesOrderID,SUM(UnitPrice)AS SumOfPrice,ProductID
FROM Sales.SalesOrderDetail
WHERE SalesOrderID BETWEEN 44175 AND 44180
GROUP BY ProductID
UNION
SELECT SalesOrderID,SUM(UnitPrice), NULL
FROM Sales.5alesOrderDetail
WHERE SalesOrderID BETWEEN 44175 AND 44180
GROUP BY SalesOrderID;

--2
SELECT 5alesOrderID,SUM(UnitPrice) AS 5umOfPrice,ProductID
FROM Sales.SalesOrderDetail
WHERE 5alesOrderID BETWEEN 44175 AND 44180
GROUP BY GROUPING SETS(SalesOrderID,ProductID);
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Figure 5-18 shows the partial results. Query 1 is a UNION query that calculates the sum of the
UnitPrice. The first part of the query supplies a NULLvalue for SaIesOrderID. That is because
SaIesOrderID is just a placeho lder. The query groups by ProductID, and SaIesOrderID is not needed. The
second part ofthe query supplies a NULLvalue for ProductID. In this case, the query groups by
SaIesOrderID, and ProductID is not needed. The UNION query combines the results. Query 2
demonstrates how to write the equivalent query using GROUPINGSETS.

Resu s I
SalesOrderlD SumOfPrice ProductlD

1 [H~.~~.~:.:·:.~:~:::~~::] 3578.27 751

2 NULL 3578.27 752

3 NULL 3578.27 753

4 NULL 3399.99 774

5 NULL 6749.98 m
6 44175 3578.27 NULL
7 44176 3578.27 NULL
8 44177 3374.99 NULL

SalesOrderlD SumOfPrice ProductlD
r···_········_··_·······_··_···,

1 L~~~.~........._..._.j 3578.27 751

2 NULL 3578.27 752

3 NULL 3578.27 753

4 NULL 3399.99 774

5 NULL 6749.98 m
6 44175 3578.27 NULL
7 44176 3578.27 NULL
8 44177 3374.99 NULL

Figure 5-1 B. The partial results ofcomparing UNION to GROUPING SETS

CUBE and ROLLUP
You can add subtotals to your aggregate queries by using CUBEor ROLLUPin the GROUP BY clause . CUBEand
ROLLUPare very similar, but there is a subtle difference. CUBE wilI give subtotals for every possible
combination of the grouping levels. ROLLUPwill give subtotals for the hierarchy. For example, ifyou are
grouping by three columns, CUBEwill provide subtotals for every grouping column. ROLLUP will provide
subtotals for the first two columns but not the last column in the GROUP BYlist. Here is the syntax :

SE LECT <coIl>, <co12>, <aggregate expression>
FROM<tabl e>

GROUP BY <CUBE or ROLLUP >«col l >, <co12»

The folIowing example demonstrates how to use CUBEand ROLLUP. Run the code in Listing 5-17 to
see how this works.
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Listing 5-17. CUBE and ROLLUP

--1
USE AdventureWorks2012
GO
SELECT COUNT(*) AS CountOfRows, Color,

ISNULL(Size,CASE WHEN GROUPING(Size) = 0 THEN 'UNK' ELSE 'ALL' END) AS Size
FROM Production. Product
GROUP BY CUBE(Color,Size)
ORDER BY Size;

--2
SELECT COUNT(*) AS CountOfRows, Color,

ISNULL(Size,CASE WHEN GROUPING(Size) = 0 THEN 'UNK' ELSE 'ALL' END) AS Size
FROM Production. Product
GROUP BY ROLLUP(Color,Size)
ORDER BY Size;

38

38

38

38

40

Size
,.

Figure 5-19 shows the partial results. Query 1 returns 98 rows while Query 2 returns only 79 rows .
Notice that Query 2 doesn't have an ALLrow for size 38. Query 2 returns a subtotal row for every color
but not every size. Query 1 returns a subtotal row for every color and every size.

In this example, the subtotal row for Red contains a NULL in the size column. In order to distinguish
the subtotal rows from legitimate NULLs in the data, use the GROUPING function. The GROUPING function
returns a 1 in the subtotal rows . Combine GROUPING with the ISNULL function to handle this .

Resu s I
..!:=:=======

CountOfRows Color

[I.·:~::::::.=::::.:::~::::::] Black
5 Silver

2 Yellow

12 ALL

4 Black

15

I ~

CountOfRows Color Sizer5 ·.._·..·_ · ·~ Black 38
;" :

5 Silver 38

2 Yellow 38

3 Yellow 40

4 Silver 40

4 Black 40

5 Black 42

Figure 5-19. The partial results ofCUBE and ROLLUP
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Thinking About Performance
Inline correlated subqueries are very popular among developers. Unfortunately, the performance is poo r
compared to other techniques, such as derived tables and CTEs. Toggle on the Include Actual Execution
Plan setting before typin g and executing the code in Listing 5-18.

Listing 5-18. Comparing a Correlated Subquery to a Common Table Expression

USE AdventureWorks2012;
GO

--1
SELECT CustomerID,

(SELECT COUNT( *) AS CountOfSales
FROM Sales.SalesOrderHeader
WHERE CustomerID = c.CustomerID) AS CountOfSales,

(SELECT SUM(TotalDue)
FROM Sales.SalesOrderHeader
WHERE CustomerID = c.CustomerID) AS SumOfTotalDue ,

(SELECT AVG(TotalDue)
FROM Sales.SalesOrderHeader
WHERE CustomerID = c.CustomerID) AS AvgOfTotalDue

FROMSales.Customer AS c
ORDER BY CountOfSales DESC ;

- -2
WITH Totals AS

(SELECT COUNT( *) AS CountOfSales,
SUM(TotalDue) AS SumOfTotalDue ,
AVG(TotalDue) AS AvgOfTotalDue,
CustomerID

FROMSales.SalesOrderHeader
GROUP BY CustomerID)

SELECT c.CustomerID, CountOfSales ,SumOfTotalDue, AvgOfTotalDue
FROMTotals
LEFT OUTER JOIN Sales.Customer AS c ON Totals.CustomerID = c.CustomerID
ORDER BY CountOfSales DESC ;

Figure 5-20 displays a po rtion of the execution plan windows. These plans are pret ty complex, but
the important thing to note is that query 1, with the correlated subqueries, takes up 62 percent of the
resources. Query 2, with the CTE, produ ces the same results but requires only 38 percent ofthe
resources.
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Figure 5-20. The execution plans when comparing a derived table to a CTE

As you can see, the way you write a query can often have a big imp act on the performance.
Complete Exercise 5-7 to learn more about the performance of aggregate queries.

EXERCISE 5-7

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions inthe
Appendix.

1. Make sure that the Include Actual Execution Plan setting is turned on before typing
and executing the following code. Compare the execution plans tosee whether the
CTE query performs better than the OVER clause query.
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USE AdventureWorks2012;
GO

--1
WITH SumSa1e AS

(SELECT SUM(Tota1Due) AS SumTota1Due,
CustomerID

FROM Sa1es.Sa1esOrderHeader
GROUP BY CustomerID)

SELECT o.CustomerID, Tota1Due,
Tota1Due / SumTota1Due * 100 AS PercentOfSa1es

FROM SumSa1e INNER JOIN Sa1es.Sa1esOrderHeader AS 0

ON SumSa1e .CustomerID = o.CustomerID
ORDER BY CustomerID;

--2
SELECT CustomerID, Tota1Due,

Tota1Due / SUM(Tota1Due) OVER(PARTITION BY CustomerID) * 100
AS PercentOfSa1es

FROM Sa1es .Sa1esOrderHeader
ORDER BY CustomerID;

2. The following queries each contain two calculations: percent ofsales by customer
and percent ofsales by territory. Type inand execute the code tosee the
difference inperformance. Make sure the Include Actual Execution Plan setting is
turned on before running the code.

USE AdventureWorks2012;
GO

--1
WITH SumSa1e AS

(SELECT SUM(Tota1Due) AS SumTota1Due,
CustomerID

FROM Sa1es.Sa1esOrderHeader
GROUP BY CustomerID),

TerrSa1es AS
(SELECT SUM(Tota1Due) AS SumTerritoryTota1Due, TerritoryID

FROM Sa1es.Sa1esOrderHeader
GROUP BY TerritoryID )

SELECT o.CustomerID, Tota1Due,
Tota1Due / SumTota1Due * 100 AS PercentOfCustSa1es,
Tota1Due / SumTerritoryTota1Due * 100 AS PercentOfTerrSa1es

FROM SumSa1e
INNER JOIN Sa1es.Sa1esOrderHeader AS 0 ON SumSa1e.CustomerID = o.CustomerID
INNER JOIN TerrSa1es ON TerrSa1es.TerritoryID = o.TerritoryID
ORDER BY CustomerID;
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--2

SELECT CustomerID, TotalDue,
TotalDue / SUM(TotalDue) OVER(PARTITION BY CustomerID) * 100
AS Per centOfCustSales,
TotalDue / SUM(TotalDue) OVER(PARTITION BY TerritoryID) * 100
AS PercentOfTerrSales

FROM Sales.SalesOrderHeader
ORDER BY CustomerID ;

Summary
If you follow the steps outlined in the pr eceding sec tions, you will b e able to write aggregate que ries.
With practice, you will become proficient. Keep the following rules in mind when writing an aggregate
query:

• Any co lumn not co ntained in an aggregate fu nc tio n in th e SELECT list or ORDER BY
clause mus t be part of th e GROUP BY clause.

• Once an aggregate function , the GROUP BY clause, or the HAVING clause appears in a
query, it is an aggregate query.

• Use the WHERE clause to filter out ro ws befor e the gro uping an d aggregates are
applied. The WHERE clause doesn't allow aggregate func tions .

• Use the HAVING clause to filter ou t rows using aggregate fu nc tions.

• Don't in clude anything in the SE LECT list or ORDER BYclause that you don't want as
a grouping level.

• Use com m on ta ble exp ressions or derived ta bles in stead of correlated subqu eri es
to solve tricky aggregate query problems.

• To com bine m or e than one grouping com bination , use GROUPING SETS.

• Use CUBE and ROLLUP to p roduce subtota l rows.

• Remember that aggregate functions ign ore NULL values except for COUNT( *).
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Manipulating Data

The data stored in most databases is not static. The app lication users constantly add da ta to tables as
customers place orders, the company hires emp loyees, and the payro ll departme nt writes checks .
Automated processes periodically load new data into reporting databases, such as data warehouses, and
into production systems. Users and processes also update existing rows or delete rows from tab les.

In Chapters 1 through 5, you learned how to retrieve da ta from SQLServer. These skills are
importan t for generating reports and displaying data. These skills will come in handy as you learn to
insert new rows, up date the values in existing rows, an d delete rows from tables. This chapter covers
how to mani pulate data in many differen t scena rios, such as by using one table, joins , and subqueries.

Inserting New Rows
There are many ways to add new rows to tables in SQLServer da tabases. Be aware that there are other
tools such as SQL Server Int egration Services (SSIS) that you can use to load data into SQLServer, but
because this book is about T-SQL, this sect ion covers the T-SQL stateme nts to insert data. To learn more
abo ut SSIS, read Pro SQL Server 20111ntegration Services by Francis Rodrigues and Michae l Coles
(Apress, 2012), and also SSIS Design Patterns by Andy Leonard , Tim Mitchell, Jessica Moss, and Michelle
Ufford (Apress, 2012).

Run the following code to create a table that you will popu late with data in this sect ion:

USE AdventureWorks2012;
GO
IF OBJECT_ID('demoCustomer ') IS NOT NULL BEGIN

DROP TABLE demoCustomer ;
END ;
CREATE TABLE demoCustomer(CustomerID INT NOT NULL PRIMARY KEY,

FirstName NVARCHAR(SO) NOT NULL , Middl eName NVARCHAR(SO) NULL ,
LastName NVARCHAR(SO) NOT NULL) ;

• Note You may notice that I have used two different techniques tocheck forthe existence ofa table before
dropping it. When using Sal Server Management Studio tocreate the script, the code checks for the table in the
sys.objects table. When I write the code myself, I check the results of the OBJ ECT_ID function. Either technique
works.
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Adding One Row with Literal Values
Adding one ro w wit h literal values is the sim plest way to add dat a to an exis ting table. For exam ple, a
u ser may fill ou t a Windows or we b for m in an app licatio n and click Save. At that po int, the application
builds an d sen ds a sing le INSERT sta tement to SQL Serve r con ta in ing the values that the user entere d in
the form. To insert n ew ro ws, you will use the INSERT state ment. The syntax of the INSERT sta te ment,
which has tw o varia tions, is sim ple .

INSERT [INTO] <t abl e1> [«COl1>, <co12»] SELECT <val ue1>, <val ue2>;
INSERT [INTO] <t abl e1> [«col1>, <co12»] VALUES «value1>, <value2»;

The INTO keyword is optional, bu t I like to include it. Type in and execute the code in Listing 6-1 to
learn th is technique. The last statement di spl ays the inserted data.

Listin g 6-1. Adding One Row at a Time with Literal Values

USE AdventureWorks2012;
GO

- -1
INSERT INTO dbo.demoCustomer (CustomerID, FirstName, Mi ddl eName , LastName)
VALUES (1, 'Orlando', ' N. ' , ' Gee' );

--2
INSERT INTO dbo.demoCustomer (CustomerID, FirstName , Mi ddl eName, LastName)
SELECT 3, ' Donna' , 'F. ', ' Camer as ' ;

-- 3
INSERT INTO dbo.demoCustomer
VALUES (4 , ' Janet ' , ' M.' , ' Gat es ' );

--4
INSERT INTO dbo.demoCusto mer
SELECT 6, ' Rosmar i e ' , ' J.' , ' Car r ol l';

--5
INSERT INTO dbo.demoCustomer (CustomerID, FirstName, Mi ddl eName, LastName)
VALUES (2 , ' Keit h ' , NULL, ' Harris ' ) ;

--6
INSERT INTO dbo.demoCustomer (CustomerID, FirstName , LastName)
VALUES (5 , ' Lucy ', 'Harrington');

-- 7
SELECT CustomerID, FirstName, MiddleName, LastName
FROM dbo.demoCustomer;

Figure 6-1 shows the res u lts of query 7. The INSERT INTO clause specifies the table nam e and
optionally the co lumn nam es. Sta te ment 1 inserts the row u sing the VALUES clause. No tice th at
p arentheses surround th e literal values in th e statement. State ment 2 uses a slightly differen t syntax with
the keyword SE LECT. In th is case, you could successfully ru n the SE LECT part of the sta te ment because it is
a valid statement by itself.
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Resutts

CuslomerlD Rrst ame ame laslName
I'"'?"..""?"?"?"?"?"?"!

Gee1 l...!.................._....._..i Orlando
2 2 Keith NUll Hanis

3 3 Donna F. Cameras

4 4 Janet M. Gates

5 5 LuC;' Ull Hanington

6 6 Rosmarie J. Carroll

Figure 6-1. The results after inserting six rows

• Note This book uses the word query for T-SQL commands that return data. It uses the word statement for
other T-SQL commands.

Both statements 1 and 2 specify th e column names in parentheses. The order of the values mus t
match the order of the column names. Statements 3 an d 4 look very similar to the first two statements,
but these stateme nts don' t specify the column names. Although not specifying the column names will
work some of the time, the bes t practice is to specify the columns. Not on ly does this help clarify the
code, it often, but not always , keeps the code from breakin g if new nonrequir ed columns are adde d to
the table later.

Notice that statement 5 inserts NULL into the MiddleName column. Statement 6 just leaves
MiddleName ou t of the statement altogether. Both ofthese statements work because the MiddleName
column is optional .

Avoiding Common Insert Errors
The statements in the previous section successfully added six rows to the db o.demoCustomer table
because they were carefully written to avoid breaking any of the constraints and column req uirements.
Listing 6-2 dem onstrates several invalid statements. Type in and execute the code to learn about some of
th e things that can go wrong whe n inser ting data into tables.

Listing 6-2. Attempting to Insert Rows with Invalid INSERT Statements

USE Adventure Works 2012;
GO

PRINT '1 ';
--1
INSERT I NTO dbo.demoCustomer (CustomerID, FirstName , Middl eName, LastName)
VALUES (1, 'Dominic', ' P.' , ' Gash' );
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PRINT '2';
--2
INSERT INTO dbo.demoCustomer (CustomerID, Middl eName, LastName)
VALUES (10, ' M.', ' Garz a ' );

GO
PRINT '3 ';
GO

--3
INSERT INTO dbo.demoCustomer
VALUES (11, 'Katherine ', 'Harding');

GO
PRINT '4 ';
GO

--4
INSERT INTO dbo.demoCustomer (CustomerID, FirstName, LastName)
VALUES (11, 'Kathe r ine' , NULL ,'Harding');

GO
PRINT'S ' ;
GO

--S
INSERT INTO dbo.demoCustomer (CustomerID, FirstName, LastName)
VALUES ( 'A', ' Kat her i ne ' , ' Har di ng' );

Figure 6-2 shows the error messages that result from running Listing 6-2. Stateme nt 1 atte mpts to
add anot her row with the CustomerID value 1. Since a row with CustomerID 1 already exists in the table,
the INSERT statement violates the primary key constraint. Because the primary key of a table uniquely
identifies a row, you may not insert du plicate values . If the primary key is a composite key, however, you
can have duplicate values in any of the columns but not duplicates of the entire key. A primary key may
no t contain any NULL values in the key columns.
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W MesS4ges I
1 '--------------------------------------

s& 2627, level 14, State I, line 4
Violation of PRI RY KEY constraint 'P de ust__A4AE64BBSEAFE411'. Cannot insert duplicate key in
object 'dbo.de.aCustceer' . The duplicate key value is (1).

The statement has been te r inated ,
2
s& SIS, level 16, State 2, line 9

Cannot insert the value Nll into colu~n 'First lame', table 'AdventureWOrks290BR2.dbo.demoCusto er';
colu n does not allow nulls. I SERT fails.
The st atement has been t er minated .
3

S& 213, level 16, State 1, line 3
Colu n na e or nu ber of supplied values does not atch table definition.
4

S& 110, level IS, State 1, line 3
There are fe"er colu~s in the I ISERT state ent than values specified in the VALUES clause. The nu ber
~f values in the VALUES clause must atch the nu er of coluans specified in the INSERT statement.
5
Ms. 245, level 16, State I, line 3
Conversion failed when convertin& the varchar value 'A' to data type int o

Figure 6-2. The results ofattempting to insert rows with invalid INSERT statements

Statement 2 violates the NOT NULL constraint on the FirstName column. Every row must contain a
non-NULL value in the FirstName and LastName columns.

The database engine doesn't discover problems with statements 1 and 2 until the code runs. The
problems with statements 3 and 4 are compile errors that cause the entire batch to fail. To show all the
error messages for the listing, the word GO separates statements 3 and 4 into their own batches. In fact,
even the PRINT statement will not run if it is contained in the same batch as these statements. The intent
of statements 3 and 4 is to insert a row with a NULL MiddleName. Because statement 3 doesn 't specify the
column names, the database engine expects a value for each ofthe four columns in the table definition.
Since the statement supplies only three values, the statement fails. Statement 4 does supply the column
names, but the VALUES clause doesn't supply the same number of values. Once again, the statement fails.
Statement 5 also contains a compile error. It attempts to insert a string value when the column,
CustomerID, accepts only an integer.

Inserting Multiple Rows with One Statement
You can write one statement using a feature called row constructors to insert multiple rows. With
versions prior to SQL Server 2008, you could write an INSERT statement with a UNION query to avoid
writing multiple INSERT statements. Type in and execute Listing 6-3 to learn how to use both techniques.

Listing 6-3. Inserting Multiple Rows with One INSERT

USE AdventureWorks2012;
GO

--1
INSERT INTO dbo.demoCustomer (CustomerID, FirstName, MiddleName, LastName)
SELECT 7, 'Dominic', 'P.', 'Gash'
UNION
SELECT 10, 'Kathleen', 'M.', 'Garza'
UNION
SELECT 11, 'Katherine', NULL,' Harding';
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--2
INSERT INTO dbo.demoCustomer (CustomerID, FirstName, MiddleN ame , LastName)
VALUES (12, 'Johnny', ' A. ' , ' Capi no' ) ,

(16, 'Christopher ' , 'R.' , 'Beck') ,
(18, ' Davi d ', 'J .' , 'Liu') ;

-- 3
SELECT CustomerID, FirstName, Middl eName, LastName
FROMdbo.demoCustomer
WHERE CustomerID >= 7;

Figure 6-3 displays the rows inserted by Listing 6-3 . Statement 1 uses the UNION qu ery technique.
You can successfully select just the five lines that make up the UNION qu ery part of th e INSERT statement
and run it by itself. Sta tement 2 demonstrates how to use the row constructor technique . By using row
cons tructors, you can specify multiple lists of values, separa ted by commas, in on e VALUES clause.

Resuhs I--
CustomertD r1l'StName iddleName LastName

1 L?......~~.·.·.·.....:~.·....~~.~....~.J Dominic P. Gash

2 10 Kathleen Garza

3 11 Katherine NULL Harding

4 12 Johnny A. Capino

5 16 Christopher R. Beck

6 18 David J. Uu

Figure 6-3. Inserting multiple rows with one INSERT statement

Inserting Rows from Another Table
So far , you have learned how to insert literal values into a table. Often you will need to inser t dat a from
one tabl e or qu ery into an other table. For example, you may need to load produ ct ion data int o a da ta
warehouse. Often app lica tion programmers think about data in terms of individual rows and so insert
dat a one row at a time when it is possible, and almost always more efficien t, to inser t more rows at once.
They will often loop through on e tabl e, saving th e values in variables , and th en insert the values in the
second table.

My favorite analogy involves 2 boxes and 100 car keys. How would you m ove th e keys from one box
to the other most efficiently withou t p icking up either of th e boxes? Would you pick up one key at a time
an d move it? No, you would prob ably gra b up all the keys if you could an d just move them all at once. If
you could not pick up all th e keys in one trip , you could at least move th em in two or three bat ches.
Listing 6-4 shows how to import rows from one table into an other all within on e sta tement. This
exam ple demonstrates "moving all the car keys at once. " Type in and execute the code to see ho w thi s
works.

Listing 6-4. Inserting Rows fro m Another Table

USE Adventure Works2012;
GO
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- -1
INSERT INTO dbo.demoCustomer (CustomerID, FirstName, Middl eName, LastName)
SELECT BusinessEnt ityID, Fi rstName, Middl eName, LastName
FROM Person.Person
WHERE BusinessEntityID BETWEEN 19 AND 35;

--2
INSERT INTO dbo.demoCustomer (CustomerID, FirstName, MiddleName, LastName)
SELECT DISTINCT c.BusinessEntityID, c.FirstName, c.MiddleName, c.LastName
FROMPerson . Person AS c
INNER JOIN Sales .SalesOrderHeader AS s ON c.BusinessEntityID = s .SalesPersonID

- -3
SELECT CustomerID, FirstName, MiddleName, LastName
FROMdbo.demoCustomer
WHERE CustomerID > 18;

Figure 6-4 shows some of the rows added to the dbo.demoCustomer table by Listing 6-4. Statement
1 inserts the rowsfrom the Person.Person table where the BusinessEntityID is between 19 and 35.
Statemen t 2 inserts the rowsfrom a query that joins the Person.Person and Sales.SalesOrderHeader
tables. The SE LECT parts of the statements are valid queries that you can run without the INSERT clauses.
You can use any of the techniques you have learned so far to write SELECT statements to insert data into a
table as long as the data selected meets the constraints and requirements of the target table.

Resu~s [t£. Iv essagesI
CustomerlD RrstName I. iddle ame LastName

A Dempsey

Iv Benshoof

J Eminhizer
r·E··················....·..·····] Hampadoungsataya

E Gibson

A Williams

R Hami on

J Krebs

A Brown

R Gilbert

K l.cArthur

L Simon

1

2
3

4

5

6

7

8

9

10

"12

13

14

15

16

19

20

21

22

23
24
25

26
27
28

29
30

31

32
33

34

Mary

Wanida

Terry
Sariya

I. ary

Jill

James

Peter

Jo

Guy

Iv ark

Britta

Margie

Rebecca
/o.nnik

Such ra

W

A

o
o

Shoop

Laszlo

Stahl

I.ohan

Figure 6-4. The partial results of add ing rows from another table
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Inserting Missing Rows
You have seen what can happen when you attempt to insert a new row that violates the primary key . You
can use the technique in the "Using OUTER JOIN to Find Rows with No Match" section of Chapter 4 to
insert rows into one table that don't exist in the source table. Type in and execute the code in Listing 6-5
to learn how this works.

Listing 6-5. Inserting Missing Rows

USE AdventureWorks2012;
GO

--1
INSERT INTO dbo.demoCustomer (CustomerID, FirstName, MiddleName, LastName)
SELECT c.BusinessEntityID, c.FirstName, c.MiddleName, c.LastName
FROM Person. Person AS c
LEFT OUTER JOIN dbo.demoCustomer AS d ON c.BusinessEntityID = d.CustomerID
WHERE d.CustomerID IS NULL;

--2
SELECT COUNT(CustomerID) AS CustomerCount
FROM dbo.demoCustomer;

Figure 6-5 shows the customer count after adding the missing rows. By using the LEFT OUTER JOIN
and checking for NULL values in the target table, the SELECT part of the INSERT statement finds the missing
rows and inserts those rows into the table. As mentioned in the "Inserting Rows from Another Table"
section, any valid SE LECT statement may be used to insert rows into a table. If you run the same code a
second or third time, you will find that the row count doesn't change. Since the code inserted all the
missing rows, there are no new rows to insert after the first time.

I,
Figure 6-5. The results ofchecking the row count after adding the missing rows

Creating and Populating a Table in One Statement
The SELECT INTO statement allows you to create a table and populate it with one statement. Developers
often use this technique to create temporary tables, or work tables.

SELECT <col1>,<coI2>
INTO <table2>
FROM <table1>;

Type in and execute the code in Listing 6-6 to learn how to use this technique. The first part of the
code drops the dbo.demoCustomer table because the SE LECT INTO statement will fail if the table already
exists.
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Listing 6-6. Using SELECT INTO to Create and Populate a Table

USE AdventureWorks2012;
GO

IF EXISTS (SELECT * FROMsys.objects
WHERE object_id = OBJECT_ID(N'[dbo] .[demoCustomer]')

AND type i n (N 'U'))
DROP TABLE dbo.demoCustomer;

GO

--1
SELECT BusinessEntityID, FirstName, Mi ddl eName, LastName,

FirstName + ISNULL( ' , + MiddleName, ' ' ) + ' '+ LastName AS FullName
INTO dbo.demoCustomer
FROMPerson . Person ;

--2
SELECT BusinessEntityID, FirstNa me , Middl eName, LastName , FullName
FROMdbo.demoCustomer;

Figure 6-6 displays the partial results. Stateme nt 1 lists the columns and an expressio n along with
the word I NTOand the name of the table to create. The resulting table contains a column, FullName, that
the statement created with the expression. Even tho ugh you could write a query that doesn't specify an
alias for the expression, you must specify the alias for the expression when writing SELECT INTO
statements. The database engine uses the column an d alias names when creating the new table.

_ Resu s I
BusinessEntityl0 FII'SlName r' ddieName LastName FuUName

r·······_··········..·····..·········..····_,
1 L.~.~.?_..._........_...._......J Syed E ,Abbas Syed E,Abbas

2 293 Catherine R. .Abel Caherine R.,Abel

3 295 ~m NULL ,Abercrombie ~m ,Abercrombie

4 2170 ~m NULL ,Abercrombie ~m ,Abercrombie

5 38 ~m B ,Abercrombie ~m B,Abercrombie

6 211 Hazem E .Abolrous HazemE ,Abolrous

7 2357 Sam NULL ,Abolrous Sam,Abolrous

8 297 Humberto NULL Acevedo HumbertoAcevedo

9 291 Gustavo NULL Achong Gustavo Achong

10 299 Pilar NULL Ackennan Pilar Ackennan

11 121 Pilar G Ackennan Pilar G Ackennan

12 16867 Aaron B ,Adams Aaron BAdams

Figure 6-6. The partial results ofcreating and populating a table with SELECT INTO
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Figure 6-7 shows the table definition of the dbo.demoCustomer table found by navigating to the
table in the Object Explorer window ofSQL Server Management Studio. You may have to right-click
Tables and select Refresh to see the new table. Except for the missing primary key, the column
definitions match the columns from the Person. Person table, which was the source of the data. The data
in the FullName column can be 152 characters-the three name columns plus the two spaces.

B Adventu reworkszo12

B Tables
[±] System Tables

[±] dbo.AWBuildVersion

[±] dbo.DatabaseLog
[±] dbo.demoAutoPo pulate

EJ dbo .demoCustomer

EJ Columns
BusinessEntitylD (int, not null)

FirstName (Name(nvarchar(SO)), not null)

MiddleName (Name(nvarchar(SO)), null)
LastName (Name(nvarchar(SO)), not null)

FuliName (nvarchar(l S2), not null)

Figure 6-7. The dbo.demoCustomer table definition

Developers often use the SELECT INTO statement to create an empty table by adding 1=2 to the WHERE
clause. Because one never equals two, the statement creates the table but doesn't add any rows. Even if
you want to create and populate a work table, the performance of the entire system is often better by
creating the empty table first and then populating it with a regular INSERT statement when you are
working with a large number of rows. This is because the SELECT INTO statement locks system tables that
can cause problems for other connections. Using a CREATE TABLE first and then populating it locks the
system tables only momentarily. Using the SELECT INTO syntax locks the tables until the entire statement
completes.

Inserting Rows into Tables with Default Column Values
Column definitions often specify a default value , called a default constraint, if the INSERT statement
doesn't supply a value for the column. This is different from inserting NULL. When inserting NULL, you
specify NULL in the INSERT statement, or the NULL value is a result of the SELECT statement used to insert
the data. You might also omit the column from the INSERT statement to insert NULL. If the column
definition specifies a default constraint, you can just leave that column out of the INSERT statement to
automatically insert the default value . Run the code in Listing 6-7 to learn how to insert data into tables
when one or more of the columns have a default value . The first part of the code creates the table and
adds the default constraints.
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Listing 6-7. Inserting Data with a Column Default Constraint

USE AdventureWorks2012;
GO
IF EXISTS (SELECT * FROM sys.objects

WHERE object_id = OBJECT_ID(N '[dbo].[demoDefault]')
AND type in (N'U'))

DROP TABLE [dbo].[demoDefault]
GO

CREATE TABLE [dbo].[demoDefault](
[KeyColumn] [int] NOT NULL PRIMARY KEY,

[HasADefault1] [DATETIME2](1) NOT NULL,
[HasADefault2] [NVARCHAR](SO) NULL,

)
GO
ALTER TABLE [dbo].[demoDefault] ADD CONSTRAINT [DF_demoDefault_HasADefault]

DEFAULT (GETDATE()) FOR [HasADefault1]
GO
ALTER TABLE [dbo].[demoDefault] ADD CONSTRAINT [DF_demoDefault_HasADefault2]

DEFAULT ('the default') FOR [HasADefault2]
GO

--1
INSERT INTO dbo.demoDefault(HasADefault1,HasADefault2,KeyColumn)
VALUES ('2009-04-24', 'Test l' , 1), ( ' 2009-10-1' , NULL, 2);

--2
INSERT INTO dbo .demoDefault (HasADefault1 ,HasADefault2 ,KeyColumn)
VALUES (DEFAULT,DEFAULT,3),(DEFAULT,DEFAULT,4);

--3
INSERT INTO dbo.demoDefault (KeyColumn)
VALUES (S),(6);

--4
SELECT HasADefault1 ,HasADefault2 ,KeyColumn
FROMdbo .demoDefault;

Figure 6-8shows the results. Statement 1 inserts literal values into the HasADefaultl and
HasADefault2 columns. Even though the two columns have default constraints, you can stilloverride
them and insert your own values. Notice that the row inserted with KeyColumn value 2 contains a NULL
value in the HasADefault2 column. The statement specified and inserted NULL, not the default value.
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KeyColumn

1

2

3
4

5

6

1

2

3
4

5
6

Resuhs
~-----~~----~~~

HasADefau 1 HasADefau 2

[~~.~:.?~'.~':~~i-~§] Test 1
2009-10-01 00:00:00.0 NULL

201 1-05-3006:11:56.9 the defau

2011-05-3006:11 :56.9 the defau

2011 -05-3006:11 :56.9 the defau

2011 -05-3006:11 :56.9 the defau

Figure 6-8. The results ofinserting rows into a table with column default constraints

Statements 2 and 3 take advantage of the default constraints. Statement 2 specifies the keyword
DEFAULT instead of a value . Statement 3 just omits the two columns. Whenever using the keyword
DEFAULT or omitting the columns, the default definition determines the values to be inserted. The
GETDATE function provides default values for the HasDefaultl column. The literal value "the default" is
filled in for HasADefault2 .

Inserting Rows into Tables with Automatically Populating Columns
In addition to default constraints, four types of columns exist that can be autopopulated. In other words,
you should not specify values for these columns. The columns types are as follows:

• rowversion: Formerly called TIMESTAMP, this contains a binary number that is
unique within a database. Developers generally use ROWVERSION to determine
whether changes have been made to a row.

• identity. This contains an autoincrementing numeric value . Developers often use
INDENITY columns when an ID number is needed for a table.

• Computed columns: These have a definition that is usually based on the values of
other columns in the same row. The values in a computed column can be stored
in the table by specifying the keyword PERSISTED in the column definition. If the
table definition doesn't contain PERSISTED, it will be calculated each time it is
accessed.

• Sequences: These are user-defined objects and act like identity columns but are
not restricted to a specific table. Unlike identity numbers, sequence numbers can
be reused and created across multiple tables and rows and you need to reference
the sequence object in the insert statement.

Be sure to always specify the column names, avoiding the automatically populated columns when
you write an INSERT statement to avoid causing an error.
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• Note There is an exception tothe rule about inserting data into IDENTITY columns. You canchange a session­
specific setting called IDENTITY_INSERT thatwill allow you to insert a value into an IDENTITY column. Developers
and database administrators often do this when loading dataand the IDENTITY values must be preserved. After
loading thedata, the IDENTITY column will work as before after you turn off IDENTITY_INSERT in thatsession or
insert into thetable from a different session.

Type in and execute the code in Listing 6-8. The first part of the code creates a table with the special
column types .

Listing 6-8. Inserting Rows into Tables with Autopopulated Columns

USE [AdventureWorks2012]
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoAutoPopulate]')

AND type in (N'U'»
DROP TABLE [dbo].[demoAutoPopulate];

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoSequence]'»

DROP SEQUENCE [dbo] .[demoSequence];

CREATE SEQUENCE dbo.demoSequence
AS INT
START WITH 1
INCREMENT BY 1;

CREATE TABLE [dbo].[demoAutoPopulate](
[RegularColumn] [NVARCHAR](SO) NOT NULL PRIMARY KEY,
[IdentityColumn] [INT] IDENTITY(l,l) NOT NULL,
[RowversionColumn] [ROWVERSION] NOT NULL,
[SequenceColumn] [INT] NOT NULL,
[ComputedColumn] AS ([RegularColumn]+CONVERT([NVARCHAR],
[IdentityColumn],(o») PERSISTED)

GO

--1
INSERT INTO dbo.demoAutoPopulate (RegularColumn, SequenceColumn)
VALUES ('a', NEXT VALUE FOR dbo.demoSequence),
('b', NEXT VALUE FOR dbo.demoSequence),
( 'c', NEXT VALUE FOR dbo.demoSequence);
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--2
SELECT RegularColumn, IdentityColumn, RowversionColumn, SequenceColumn, ComputedColumn
FROM demoAutoPopulate;

Figure 6-9 shows the res ults. Statement 1 specified values for RegularColumn only. The dat ab ase
engine automatically det ermined the values for the ot her colum ns . Notice that the IdentityColumn
conta ins an incrementing value. The Compute dCo lumn contains th e res ult of the expression
RegularColumn + CAST(IdentityColumn AS NVARCHAR) .

Resub

1

2

3

RegularColulM IdentityColumn
,..····...··__ ..·..·..--..1
I a I 11... ..._._.__.._...._..J

b 2

c 3

RowversionColumn SeQuenceCo!ulM

lkOOOOOOOOOOOOAOFF 1

lkOOOOOOOOOOOOAEOl 2
lkOOOOOOOOOOOOAE02 3

ComputedColumn

a l

b2

c3

Figure 6-9. The results ofinserting rows in to a tab le with autopopulating columns

Notice th at the SequenceColum n, like the IdentityColumn, sta rts with one an d incremen ts by one. A
differ ence between th e two is you have the ability to reference th e same demoSequence ob ject when
insertin g values into anothe r table. You can also se t the com man d referencing the sequence object as a
column defau lt and th is would allow th e colu m n to autop opu late . Anot her ben efit to se quence numbers
over ide n tity values is you ca n det ermine the next number prior to in serting the value. SQL Server
generates an identity number when a va lue is inserted but det erm in es se quence numbers only when an
application executes the NEXT VALUE FOR sta te ment.

You have learned ho w to inser t n ew ro ws into ta bles by us ing literal values or dat a fro m a query.
Before moving on to the next section , where you will learn how to delet e dat a, pr acti ce in serting n ew
rows in to a table by completing Exercise 6-1.

EXERCISE 6-1

Use the AdventureWorks2012 database to complete this exercise. You can find the solutions in the
Appendix.

Run the following code to create required tables. You can also download the code from this book's page at
www. apr ess. comto save typing time.

USE AdventureWorks2012;
GO
IF EXISTS (SELECT * FROM sys.objects

WHERE object_id = OBJECT_ID(N '[dbo] .[demoProduct] ')
AND t ype in (N'U'))

DROP TABLE [dbo] .[demoProduct]
GO

CREATE TABLE [dbo] .[demoProduct](
[ProductID] [INT] NOT NULL PRIMARY KEY,
[Name] [dbo] .[Name] NOT NULL ,
[Color] [NVARCHAR](15) NULL,
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[StandardCost] [MONEY] NOT NULL,
[ListPrice] [MONEY] NOT NULL,
[Size] [NVARCHAR](S) NULL,
[Weight] [DECIMAL](8, 2) NULL,

) ;
IF EXISTS (SELECT * FROM sys.objects

WHERE object_id = OBJECT_ID(N'[dbo].[demoSalesOrderHeader]')
AND type in (N'U'»

DROP TABLE [dbo].[demoSalesOrderHeader]
GO

CREATE TABLE [dbo].[demoSalesOrderHeader](
[SalesOrderID] [INT] NOT NULL PRIMARY KEY,
[SalesID] [INT] NOT NULL IDENTITY,
[OrderDate] [DATETIME] NOT NULL,
[CustomerID] [INT] NOT NULL,
[SubTotal] [MONEY] NOT NULL,
[TaxAmt] [MONEY] NOT NULL,
[Freight] [MONEY] NOT NULL,
[DateEntered] [DATETIME],
[SalesNumber] [INT] NOT NULL,
[TotalDue] AS (ISNULL(([SubTotal]+[TaxAmt])+[Freight],(O»),
[RV] ROWVERSION NOT NULL);

GO

ALTER TABLE [dbo].[demoSalesOrderHeader] ADD CONSTRAINT
[DF demoSalesOrderHeader DateEntered]

DEFAULT-(getdate(» FOR [DateEntered];

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoSalesSequence]'»

DROP SEQUENCE [dbo].[demoSalesSequence]
GO

CREATE SEQUENCE demoSalesSequence
AS INT
START WITH 1
INCREMENT BY 1;

GO
IF EXISTS (SELECT * FROM sys.objects

WHERE object_id = OBJECT_ID(N'[dbo].[demoAddress]')
AND type in (N'U'»

DROP TABLE [dbo].[demoAddress]
GO

CREATE TABLE [dbo].[demoAddress](
[AddressID] [INT] NOT NULL IDENTITY PRIMARY KEY,
[AddressLine1] [NVARCHAR](60) NOT NULL,
[AddressLine2] [NVARCHAR](60) NULL,
[City] [NVARCHAR](30) NOT NULL,
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[PostalCode] [NVARCHAR](lS) NOT NULL
) ;

1. Write a SELECT statement to retrieve data from the Sales.Product table. Use these
values to insert five rows into the dbo.demoProduct table using literal values. Write
five individual INSERT statements.

2. Insert five more rows into the dbo.demoProduct table. This time write one INSERT
statement.

3. Write an INSERT statement that inserts all the rows into the
dbo.demoSalesOrderHeader table from the Sales.SalesOrderHeader table. Hint:
Pay close attention tothe properties ofthe columns inthe
dbo.demoSalesOrderHeader table.

4. Write a SELECT INTO statement that creates a table, dbo.tempCustomerSales,
showing every CustomerlD from the Sales.Customer along with a count ofthe
orders placed and the total amount due for each customer.

5. Write an INSERT statement that inserts all the products into the dbo.demoProduct
table from the Production.Product table that have not already been inserted. Don't
specify literal ProductID values inthe statement.

6. Write an INSERT statement that inserts all the addresses into the
dbo.demoAddress table from the Sales.Address table. Before running the INSERT
statement, type inand run the following command so that you can insert values
into the AddresslD column:

SET IDENTITY_INSERT dbo.demoAddress ON;

Deleting Rows
You now know how to add new rows to tables . This section covers deleting existing rows, which is an
important but dangerous task. Many developers and database administrators have accidentally removed
the data from an entire table when intending to remove just one row. Care must be taken whenever
deleting rows, especially when writing ad hoc queries.

Using DELETE
The DELETE statement is very simple. At a minimum, you need the word DELETE and the table name. This
will remove all rows from the table. Most of the time , your goal will be to remove just a portion of the
rows. Here is the syntax :

DELETE [FROM] <tablel>
[WHERE <condition>]

Ifyou omit the WHERE clause, the statement removes every row from the table. The table still exists,
just without any rows. When writing ad hoc DELETE statements, always test your WHERE clause with a
SELECT statement first to make sure you know exactly which rows you are deleting. Type in and execute
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the code in Listing 6-9.The listing creates several copies of the main tables from the
AdventureWorks2012 database. To avoid typing the table creation portion, you can download the code
from the book's page at www.apress.com.

Listing6-9. Creating Demo Tables

USE AdventureWorks2012;
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N '[dbo].[demoProduct]')

AND type in (N'U'))
DROP TABLE [dbo].[demoProduct] ;
GO

SELECT * INTO dbo.demoProduct FROM Production.Product;

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoCustomer]')

AND type in (N'U'))
DROP TABLE [dbo] .[demoCustomer];
GO

SELECT * INTO dbo.demoCustomer FROM Sales.Customer;
IF EXISTS (SELECT * FROM sys.objects

WHERE object_id = OBJECT_ID(N'[dbo] .[demoAddress]')
AND type in (N'U'))

DROP TABLE [dbo].[demoAddress];
GO

SELECT * INTO dbo.demoAddress FROM Person .Address;

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N '[dbo].[demoSalesOrderHeader] ')

AND type in (N'U'))
DROP TABLE [dbo] .[demoSalesOrderHeader] ;
GO

SELECT * INTO dbo.demoSalesOrderHeader FROMSales.SalesOrderHeader;

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoSalesOrderDetail]')

AND type in (N 'U'))
DROP TABLE [dbo].[demoSalesOrderDetail] ;
GO

SELECT * INTO dbo.demoSalesOrderDetail FROMSales.SalesOrderDetail;

You should now have several tables that you can use to practice deleting data. Type in and execute
the code in Listing 6-10 to learn how to delete rows from tables.
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Listing 6-10. Deleting Rows from Tables

USE AdventureWorks2012;
GO
--1
SELECT CustomerID
FROM dbo.demoCustomer;

--2
DELETE dbo.demoCustomer;

--3
SELECT CustomerID
FROM dbo.demoCustomer;

--4
SELECT ProductID
FROM dbo.demoProduct
WHERE ProductID > 900;

--5
DELETE dbo.demoProduct
WHERE ProductID > 900;

--6
SELECT ProductID
FROM dbo.demoProduct
WHERE ProductID > 900;

Figure 6-10 shows the rows before and after running the DELETE statements affecting the
dbo .demoCustomer and dbo .demoProduct tables. Running a SELECT statement before deleting data is a
good idea and enables you to test your WHERE clause. Make sure you know which rows will be deleted
before you delete them. Statement 2 removes every row from dbo .demoCustomer. Statement 5 removes
the rows from dbo .demoProduct where the ProductlD was greater than 900. The word FROM is optional.
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CustomerlD

46 46
47 47
48 48
49 49
50 50

I CustomerlD

ProductlD

1 r·9O,···_···············1
l.•••••• __••••••••_ •••••••••• ;

2 902

3 903

4 904

Product lD

Figure 6-10. The partial results before and after rows deleted

Deleting from a Table Using a Join or a Subquery
Listing 6-10 demonstrated how to remove rows from a table when the stateme nt contains just on e table.
You can also rem ove rows from a table that is involved in a join to restrict which rows the statement
deletes. You may delete rows from only one of the tables. Often develop ers will use a subquery ins tea d of
a join to acco mplish the same th ing. Here is the syntax:

DELETE <al ias>
FROM<t abl e1> AS <alias>
INNER JOIN <t abl e2> ON <al ias>.<col 1> <t abl e2>.<co12>
[WHERE <condi tion> ]

DELETE [FROM] <t abl e1>
WHERE <coI l> IN (SELECT <co12> FROM<t abl e2»

The syntax shows INNER JOIN, but you could use an OUTER JOIN if that makes sense for the particular
deletion. Type in and execute the code in Listing 6-11 to learn how to use both of these techniqu es. If
you didn 't run the code in Listing 6-9 that creates the tables used in these exam ples and the code in
Listing 6-10 that deletes some of the data, do tha t first.

Listing 6-1 1. Deleting When Joining or Using a Subquery

USE Adventu reWor ks2012;
GO
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--1
SELECT d.SalesOrderID, SalesOrderNumber
FROM dbo.demoSalesOrderDetail AS d
INNER JOIN dbo.demoSalesOrderHeader AS h ON d.SalesOrderID = h.SalesOrderID
WHERE h.SalesOrderNumber = '5071797'

--2
DELETE d
FROM dbo.demoSalesOrderDetail AS d
INNER JOIN dbo.demoSalesOrderHeader AS h ON d.SalesOrderID = h.SalesOrderID
WHERE h.SalesOrderNumber = '5071797'

--3
SELECT d.SalesOrderID, SalesOrderNumber
FROM dbo.demoSalesOrderDetail AS d
INNER JOIN dbo.demoSalesOrderHeader AS h ON d.SalesOrderID = h.SalesOrderID
WHERE h.SalesOrderNumber = '5071797'

--4
SELECT SalesOrderID, ProductID
FROM dbo.demoSalesOrderDetail
WHERE ProductID NOT IN

(SELECT ProductID FROM dbo.demoProduct WHERE ProductID IS NOT NULL);

--5
DELETE FROM dbo.demoSalesOrderDetail
WHERE ProductID NOT IN

(SELECT ProductID FROM dbo.demoProduct WHERE ProductID IS NOT NULL);

--6
SELECT SalesOrderID, ProductID
FROM dbo.demoSalesOrderDetail
WHERE ProductID NOT IN

(SELECT ProductID FROM dbo.demoProduct WHERE ProductID IS NOT NULL);

Figure 6-11 showsthe resultsbeforeand afterdeleting.Again, writeSELECT statementsfirst to testyour
WHERE clauseand to makesureyouwill deletethe correctrows. Statement2 joinsthe
dbo.demoSalesOrderDetail table to the dbo.demoSalesOrderHeadertable.Thestatement deletesthe rows
fromthe dbo.demoSalesOrderDetail table that have a SalesOrderNumberofS071797in the
dbo.demoSalesOrderHeadertable. The value in one table determines which rows in another table willbe
deleted. Notice that statements 1and 2 are identical except for the first line in each. Statement 1is a
query to determine which rows that statement 2 willdelete. The syntaxand this exampleused an INNER
JOIN, but you can also use an OUTER JOIN.
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Results

1

2

3
4

5

5alesOrderi0 5alesOrderNumber
r·····_·_····_····················:
L?~..?.~.?.. _.._j 5071797

71797 5071797

71797 5071797

71797 5071797

71797 5071797

5alesOrderiD 5alesOrder umber

5alesOrderiD ProductlD

1 [...~.~.?.~::::::::::::::::.~...J930
2 59079 921

3 59080 981

4 59081 921

5alesOrderiD Product lD

Figure 6-11. The partial results before and after deleting rows with a join and a subquery

Statement 5 uses a subquery in the WHERE clause to determine which rows to delete. Again, the code
tests the WHERE clause first with a SE LECT statement to make sure the correct rows will be deleted.

Another way to delete the rows using a join specifies the table name after the DE LETE keyword
instead of specifying the alias . Using the alias ensures that the DE LETE part of the statement is tied to the
SELECT part of the statement. I have seen developers write DELETE statements that inadvertently deleted
all rows from a production table because the DELETE part of the statement wasn 't really connected to the
rest of the statement. I recommend that you always use the technique shown in Listing 6-11 to avoid
deleting all the rows in a table by mistake. Here is an example that is really a DELETE statement and a
SELECT statement when the intention is just a DELETE statement:

DELETE dbo.demoSalesOrderDetail
SELECT d.SalesOrderID
FROM dbo.demoSalesOrderDetail AS d
INNER JOIN dbo.demoSalesOrderHeader AS h ON d.SalesOrderID = h.SalesOrderID
WHERE h.SalesOrderNumber = '5071797';

Truncating
A way to quickly delete all the rows from a table is to use the TRUNCATE TABLE statement. This is a very fast
way to empty a large table. Although deleting rows requires that the user account have DELETE
permission on the table, truncating a table requires the user be in the dbo or db_ddladmin database
roles or the sysadmin server role. Generally, users running an application will not be members ofthese
powerful roles . Here is the syntax:

TRUNCATE TABLE <table1>
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Listing 6-12 demonstrat es how to use TRUNCATE . Ifyou didn 't run Listing 6-9 to create th e tabl es, do
th at first before typing an d ru nning th e code in Listing 6-12.

Listing 6-12. Truncating Tables

USE AdventureWorks2012;
GO

--1
SELECT SalesOrderID, OrderDate
FROMdbo.demoSalesOrderHeader;

--2
TRUNCATE TABLE dbo.demoSalesOrderHeader ;

- -3
SELECT SalesOrderID, OrderDate
FROMdbo.demoSalesOrderHeader;

Figure 6-12 shows the results before and after tru ncating th e table. One of th e reas ons that TRUNCATE
is so much more powerful than DELETE is th at it actu ally drops and re-creates th e table beh ind the
scenes. Tha t is much qu icker than delet ing all the rows, but no WHERE clau se is allowed with TRUNCATE.
The TRUNCATE sta tement can be used only when you intend to empty th e table.

SalesOrderiO OrderOate
1 1'·43659-··__······_·····12005-07-01 00:00:00.000

l __... ._ ..._ ....__._ .. ;

2 43660 2005-07-01 00:00:00.000

3 43661 2005-07-01 00:00:00.000

4 43662 2005-07-01 00:00:00.000

5 43663 2005-07-01 00:00:00.000

6 43664 2005-07-01 00:00:00.000I - SalesOrd;rl O OrderOate

Figure 6-12. The results before and after truncating

Delet ing data is a very risky operat ion . It 's why datab ase administrators consider a good backup
strategy an important part of th eir jobs. Practice what you have learned about delet ing data by
completing Exercise 6-2.

• Note In reality, a TRUNCATE TABLE operation isa bitmore complicated than asimple drop and recreate. After
issuing the TRUNCATE TABLE command SOL Server will deallocate the data pages ina task called a deferred drop.
The reason for this isto ensure SOL Server doesn 't runout ofavailable memory part way through the truncation.
For more information, see Paul Randall's comments atwww .sqlskills .com/BLOGS/PAUL/postlA-SQL-Server­

DBA-myth-a-day-(1930)-TRUNCATE -TABLE -is-non -logged .aspx .
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EXERCISE 6-2

Use the AdventureWorks2012 database tocomplete this exercise. Before starting the exercise, run Listing
6-9 to recreate the demo tables. You can find the solutions inthe Appendix.

1. Write aquery that deletes the rows from the dbo.demoCustomer table where the
LastName values begin with the letter S.

2. Delete the rowsfrom the dbo.demoCustomer table if the customer has not placed
an order orif the sum of the TotalDue from the dbo.demoSalesOrderHeader table
forthe customer is less than $1 ,000.

3. Delete the rows from the dbo.demoProduct table that have never been ordered.

Updating Existing Rows
Updating data is a very importan t part of T-SQLbut requires extreme caution. Only deleting rows, which
was discussed in the previous section, requires more care. Well, maybe tha t's not true; you could
actually dro p tables or en tire da tabases accidentally.Within applications, the user will usually be
working with one row at a time. For example, they may be viewing a scree n that displays and allows
editing of one employee, one department, or one order. Automated processes often up date data in
ent ire tables or many rows at one tim e. In this sect ion, you will learn how to use the UPDATE stateme nt to
up date existing rows in several scenarios, including single tables, joins, and aggregates. Run the code in
Listing 6-9 to repopulate the tables you will use for the examples in this sectio n.

Using the UPDATE Statement
To up date existing rows in a table, use the UPDATE statement. Usually you will add a WHEREclause to make
sure that you up date on ly the appropriate rows. Often database administrators have to restore backups
of databases to get back data that has been accidentally up dated because the WHEREclause was inco rrect
or missing. Here is the syntax of the UPDATE stateme nt:

UPDATE <tabl el>
SET <coI l> = <new valuel>,<co12> = <new value2>
[WHERE <condi tion> ]

You can use expressions, literal values, or other columns to update existing data. Developers often
think that up dating data must be done one row at a time. I have talked to many developers who insist
that they must up date one row at a time because some of the rows must be upd ated with one value an d
some with another. In those cases, maybe they could write an UPDATE statement for each business rule or
use the CASE function but not perform one up date for each row. Type in and execute the code in Listing
6-13 to learn how to up da te data.

Listing 6-13. Updating Data in a Table

USE AdventureWorks2012 ;
GO
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IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoPerson]')
AND type in (N'U'))

DROP TABLE [dbo].[demoPerson]
GO

SELECT * INTO dbo.demoPerson
FROM Person.Person
WHERE Title in ('Mr.', 'Mrs.', 'Ms.')

--1
SELECT BusinessEntityID, NameStyle, Title
FROM dbo.demoPerson
ORDER BY BusinessEntityIDj

--2
UPDATE dbo.demoPerson
SET NameStyle = 1j

--3
SELECT BusinessEntityID, NameStyle, Title
FROM dbo.demoPerson
ORDER BY BusinessEntityIDj

--4
UPDATE dbo.demoPerson
SET NameStyle = 0
WHERE Title = 'Ms.' j

--S
SELECT BusinessEntityID, NameStyle, Title
FROM dbo.demoPerson
ORDER BY BusinessEntityIDj

Figure 6-13 shows the results before and after the updates. Query 1 just displays a few rows from the
table. Statement 2 updates all the rows in the table changing the NameStyle, a bit column, from 0 to l.
Query 3 shows the result of that change. Statement 4 changes the NameStyle value to 0 for the rows
where the Title is Ms. And Query 5 displays the final changes.
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Resu s

BusinessEntitylD NameStyle Tille

1 ['5":~::::=:~~:=:~:::::=~~:] 0 Ms.

2 6 0 Iv r.

3 13 0 Iv s.

4 24 0 Ms.

5 139 0 Iv r.

BusinessEntitylD NameStyl e Tille

1 [~'.::~:::=:=::='.~:.~::~'~] 1 Iv s.

2 6 1 !'ir.

3 13 1 Iv s.

4 24 1 !'is.

5 139 1 !'ir.

BusinessEntitylD NameSl)'Ie Tille

1 [~:.::=:~~::.:~.='.:=:::~:~] 0 s.

2 6 1 r.

3 13 0 Ms.

4 24 0 Ms.

5 139 1 !'ir.

6 273 1 Iv r.

Figure 6-13. The partial results before and after updating

Updating Data with Expressions and Columns
The statements in the previous section up dated the dbo.demoCustomer table with literal values . You
can also perform up dates using express ions or other columns . Developers and database administrators
often must perform large updates to data, sometimes on a periodic basis or to fulfill one -time requests.
Here is the syntax for this technique:

UPDATE <table l>
SET <coIl> = <expressi on>
[WHERE <condi tion> ]

Again, you can use expressions, har d-coded values. or other columns in your UPDATE statement.
When multiple rows must be updated, such as batch processing that happens after business hours, you
should perform up dates in sets, not one row at a time. Type in and execute the code in Listing 6-14 to
learn how to perform these updates.

Listing6-14. Update with Expressions, Columns, or Data from Another Table

USE AdventureWorks2012 ;
GO
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IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoPersonStore]')
AND type in (N'U'))

DROP TABLE [dbo].[demoPersonStore]
GO

CREATE TABLE [dbo].[demoPersonStore]
[FirstName] [NVARCHAR] (60),
[LastName] [NVARCHAR] (60),
[CompanyName] [NVARCHAR] (60)
) ;

INSERT INTO dbo.demoPersonStore (FirstName, LastName, CompanyName)
SELECT a.FirstName, a.LastName, c.Name
FROM Person.Person a
JOIN Sales. SalesPerson b
ON a.BusinessEntityID = b.BusinessEntityID
JOIN Sales. Store c
ON b.BusinessEntityID = c.SalesPersonID

--1
SELECT FirstName,LastName, CompanyName,

LEFT(FirstName,3) + '.' + LEFT(LastName,3) AS NewCompany
FROM dbo.demoPersonStore;

--2
UPDATE dbo.demoPersonStore
SET CompanyName = LEFT(FirstName,3) + + LEFT(LastName,3);

--3
SELECT FirstName,LastName, CompanyName,

LEFT(FirstName,3) + '.' + LEFT(LastName,3) AS NewCompany
FROM dbo.demoPersonStore;

Figure6-14shows the results before and after the update. Query1displays the data before the
update . The NewCompanycolumn contains the expression that will be used in the UPDATE statement.
You will find it is useful to displaythe expression,especiallyif it is complicated, to make sure that your
update will do exactlywhat you expect.Statement 2 updates the data, changing CompanyNamein the
dbo.demoPersonStore table to the new value derived from the FirstNameand LastName columns.
Finally, Query3 displaysthe updated data. Atthis point, the CompanyNameshould be equivalent to the
NewCompanyexpression.
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Resu~s I
FIfSlName LastName Comparl)'Name ewCompany

1 [!~0~:=·.~:=] Reiter ext-Door Bike Store Tsv.Rei

2 Unda Mitchell Professional Salesand Service Un.Mit

3 JilJian Carson RidersCompany Jil.Car

4 I. ichael BMhe The Bike Mechanics Mic.8Iy

5 L)'I1I1 TsofJias Nation\\i de Supply Lyn .Tso
-- - -------- -----

FirstName LastName CompanyName NewCompany

1 [.!i~:~::::.~::~] Reiter Tsv.Rei Tsv.Rei

2 Unda Mchell Un.Mit Un.!

3 Jllian Carson Jd.Car Jil.Car

4 I. ichael BMhe Mic.8Iy Mic.BIy

5 L)'I1I1 TsofJias Lyn.Tso Lyn.Tso

Figure 6-14. The results before and afte r updating with an expression

Updating with a Join
So far, you have seen how to write UPDATE statements with a single table.When joining, you can update
only a single table, but by joining with another table, you can limit the rows to be updated or use the
second table to provide the value. Here is the syntax:

UPDATE <al ia s>
SET <coI l> = <expression>
FROM<t abl el> AS <alias>
INNER JOIN <t able2> on <al ia s>.<co12> = <ta bl e2> .<co13>

The syntax shows an INNER JOIN, but you could perform an OUTER JOIN if that makes sense for the
particular update. Type in and execute the code in Listing 6-15 to learn how to perform an update using
this technique .

Listing6-15. Updating with a join

USE AdventureWorks2012;
GO

--1
SELECT AddressLinel , AddressLine2
FROMdbo.demoAddress ;

--2
UPDATE a
SET AddressLinel = FirstName + ' , + LastName ,

Addre ssLine2 = AddressLinel + ISNULL(' , + AddressLine2, ' ')
FROMdbo.demoAddress AS a
INNER JOIN Person .Bus inessEntityAddress c ON a.AddressID = c.Address ID
INNER JOIN Person .Person b ON b.BusinessEntityID = c.BusinessEntityID
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--3
SELECT AddressLinel, AddressLine2
FROM dbo.demoAddress;

Figure 6-15 shows the results before and after the update. In this case. Statement 2 uses columns
from the second table. the Person.Person table. to build an expression to update AddressLinel. The
statement uses another expression to move the original AddressLine1 and AddressLine2, if any. to
AddressLine2 . The dbo .demoAddress table doesn't join directly to the Person.Person table but must join
through an intermediary table . Person.BusinessEntityAddress.

__Resu~

AddressUne1

1 [.'.~.'§..j§'.'~.~.~.~::~.::.'.':.':.:'.'.':::::.'.':.~::.:
2 9833 Mt. Dias Slv.

3 7484 Roundtree Drive

4 9539Glenside Dr

5 1226Shoe SI.

6 1399 Firestone Drive

7 5672 Hale Dr.

8 6387 Scenic Avenue

JlddressUne2

NULL

NULL

NULL

NULL

NULL

NULL

NULL

ULL

AddressUne1 AddressUne2

r'Thi~~"D;H~;:;;""j 1970 Napa Q .
..........................................:

Vamsi Kuppa 9833 . Dias Slv.

Syed Jlbbas 7484Roundtree...

Mikael Sand... 9539 Glenside Dr

Kim Ralls 1226 Shoe S .

1

2
3
4

5

6

7
8

Belinda ew...

Betsy Stadick

Bob Hohman

1399 Firestone ...

5672Hale Dr.

6387 Scenic Av...

Figure 6-15. The results before and after updating with a join

Updating with Aggregate Functions
The examples in the previous two sections demonstrated how you can update data using expressions
involving literal values, columns, and functions. None of the examples included aggregate functions.
however. You may not use expressions containing aggregate functions to update data directly. Type this
code to see what happens when you try to use an aggregate function to perform an update:

USE AdventureWorks2012;
GO
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UPDATE 0
SET SubTotal = SUM(LineTotal)
FROMSales .SalesOrderHeader AS 0 INNER JOIN Sales.SalesOrderDetail AS d
ON o.SalesOrderID = o.Sal esOrder ID;

You can isolate an aggregate query into a common table express ion and then use the aggrega ted
values to ma ke the updates. Listing 6-16 shows how to use th is technique. The first part of the code
crea tes and parti ally populates a summary table tha t will be used in the example.

Listing 6-16. Updates with Aggregate Expressions

USE AdventureWorks2012;
GO

IF EXISTS (SELECT * FROM sys .obj ect s
WHERE object_id = OBJECT_ID(N'[dbo] .[demoCustomerSummary]')

AND type in (N 'U'))
DROP TABLE [dbo].[demoCustomerSummary];
GO

CREATE TABLE dbo.demoCustomerSummary (CustomerID INT NOT NULL PRIMARY KEY,
SaleCount INTEGER NULL,
TotalAmount MONEY NULL);

GO

INSERT INTO dbo.demoCustomerSummary (CustomerID, SaleCount,TotalAmount)
SELECT BusinessEntityID, 0, 0
FROMdbo .demoPerson ;

GO

- -1
SELECT CustomerID, SaleCount, TotalAmount
FROMdbo.demoCustomerSummary
WHERE CustomerID i n (11621,12798,13589,14465,18623);

--2
WITH Totals AS (

SELECT COUNT( *) AS SaleCount ,SUM(TotalDue) AS TotalAmount ,
CustomerID

FROMdbo.demoSalesOrderHeader
GROUP BY CustomerID)

UPDATE c SET TotalAmount = Totals.TotalAmount,
SaleCount = Totals .SaleCount

FROMdbo.demoCustomerSummary AS c
INNER JOIN Totals ON c.CustomerID = Totals .CustomerID;

--3
SELECT CustomerID, SaleCount , TotalAmount
FROMdbo.demoCustomerSummary
WHERE CustomerID i n (11621,12798,13589,14465,18623);
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Figure 6-16 shows th e results before and after th e update. This code first creates a tabl e called
dbo.demoCustomerSummary. Then th e code populates th e new table with all the Cus tomerID values
from the dbo.demoCustomer tabl e and zeros in the summary columns . Statement 2 uses a common tabl e
expression containing an aggregate qu ery summarizing th e sales for each customer. The stateme nt uses
th e values calcula ted in th e comm on table express ion to update th e tabl e. See the "Exploring Derived
Tables and Common Table Express ions" sec tion in Cha pter 4 to review common table express ion. See
Cha pter 5 to review aggrega te queri es.

_ Resuh: I _
CustomerlD SaleCount Total.Amount

1 [~Y~.i::~:::·=::] 0 0.00
2 12798 0 0.00

3 13589 0 0.00

4 14465 0 0.00

5 18623 0 0.00

1

2

3
4

5

CuslomerlD SaleCount
r··1·1·621··············_···! 2
1.••••~••••••_••••••••••__••••_J

12798

13589

14465

18623

Total.Amount

136.1803

16.5529

86.72

8.0444

41.1834

Figure 6-16. The results before and afte r updating with a common table expression

You now kno w how to updat e data in exist ing tables with literal valu es, exp ressions. and other
columns. Now pract ice what you have lea rned by completing Exercise 6-3.

EXERCISE 6-3

Use the AdventureWorks2012 database tocomplete this exercise. Run the code inListing 6-9 torecreate
tables used inthis exercise. You can find the solutions inthe Appendix.

1. Write an UPDATE statement that changes all NULL values ofthe AddressLine2
column inthe dbo.demoAddress table toN/A.

2. Write an UPDATE statement that increases the ListPrice ofevery product inthe
dbo.demoProduct table by 10percent.

3. Write an UPDATE statement that corrects the UnitPrice and LineTotal ofeach row of
the dbo.demoSalesOrderDetail table by joining the table on the dbo.demoProduct
table.
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4. Write an UPDATE statement that updates the SubTotal column ofeach row of the
dbo.demoSalesOrderHeader table with the sum ofthe LineTotal column of the
dbo.demoSalesOrderDemo table.

Using Transactions
A transaction is a unit of work in SQLServer. Most of the time, a transaction is one statement that
inserts, updates, or deletes data. It is possible, however, to define an explicit transaction that includes
more than one statement. You can also include SELECT statements in a transaction. Every statement
within a transaction must succeed, or the entire transaction fails .

The classic example involves a bank ATM where a customer can transfer money from a savings
account to a checking account. Imagine the problems created if an error occurred after the system
subtracted the money from the savings account but before the money showed up in the checking
account! By using an explicit transaction, any error between the two updates will roll back both of them.
If an error occurred, the money would just go back to the savings account like nothing was ever done.
This section covers writing multiple statements within explicit transactions, how to commit or roll back
transactions, and what happens when transactions last longer than needed.

Writing an Explicit Transaction
The important thing to remember when working with SQLServer is to keep transactions as short as they
can be and still do the work . Once a transaction starts, the database engine puts locks on tables involved
within the transaction so that the tables usually may not be accessed by another query. For example,
don't write an application that begins a transaction and then waits for user input before completing the
transaction. The tables could be locked while the user leaves the computer for a lunch break! Here is the
syntax for a simple transaction:

BEGIN TRANITRANSACTION
<statement 1>
<statement 2>

COMMIT [TRANITRANSACTION]

Listing 6-17 demonstrates what happens when a transaction fails. Type in and execute the code.

Listing 6-17. Explicit Transactions

USE AdventureWorks2012;
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoTransaction]')

AND type in (N'U'))
DROP TABLE [dbo].[demoTransaction];
GO

CREATE TABLE dbo.demoTransaction (coIl INT NOT NULL);
GO
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--1
BEGIN TRAN

INSERT INTO dbo.demoTransaction (COIl) VALUES (1);
INSERT INTO dbo.demoTransaction (coIl) VALUES (2);

COMMIT TRAN

--2
BEGIN TRAN

INSERT INTO dbo.demoTransaction (COIl) VALUES (3);
INSERT INTO dbo.demoTransaction (coIl) VALUES ('aO);

COMMIT TRAN

GO
--3
SELECT coIl
FROM dbo.demoTransaction;

Figure 6-17 shows the results. After running the batch, the query window will display the Messages
tab first with an error message. You will have to click the Results tab to see the inserted rows.
Transaction block 1 successfully inserts two rows with integer values into the table. Transaction block 2
in serts the value 3 and the value a. Because you can't insert the string value a into a column of type INT,
the statement fails . Because the two statements are within the same transaction, the entire transaction
rolls back. Query 3 returns the inserted rows, which are only the rows inserted in the first transaction.

Results I
col'

[j=~.':.'.~'j
2

Figure 6-17. The results ofusing explicit transactions to insert data

Rolling Back a Transaction
You can purposely roll a transaction back before it is committed by issuing a ROLLBACK command even
without an error condition. For example, what if the bank ATM added the money to the checking
account before removing it from the savings account and didn't check the savings account balance first?
The transaction could roll back the transaction once the balance was checked but before the transaction
was committed. Here is the syntax for rolling back a transaction:

BEGIN TRANITRANSACTION
<statement 1>
<statement 2>

ROLLBACK [TRANITRANSACTION]

In Chapter 7 you will learn how to trap errors and use conditional logic that will allow your code to
COMMIT or ROLLBACK based on certain conditions. For now, type in and execute Listing 6-18 to learn how
to use the ROLLBACK command.
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Listing 6-18. Using a ROLLBACK Command

USE AdventureWorks2012;
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoTransaction]')

AND type in (N'U'))
DROP TABLE [dbo].[demoTransaction];
GO

CREATE TABLE dbo.demoTransaction (coIl INT NOT NULL);
GO

--1
BEGIN TRAN

INSERT INTO dbo.demoTransaction (COIl) VALUES (1);
INSERT INTO dbo.demoTransaction (coIl) VALUES (2);

COMMIT TRAN

--2
BEGIN TRAN

INSERT INTO dbo.demoTransaction (COIl) VALUES (3);
INSERT INTO dbo.demoTransaction (coIl) VALUES (4);

ROLLBACK TRAN

GO
--3
SELECT coIl
FROM dbo.demoTransaction;

Figure 6-18 shows the results. Transaction block 1 completes successfully and inserts the two rows
in the table. Transaction block 2 contains two valid statements, but becaus e it contains the ROLLBACK
command instead of the COMMIT command, the transaction doe sn't complete. Query 3 sho ws that the
batch inserts only value s 1 and 2 into the table.

Resu s

col'

, r.T...·.·.·.·.....]
2 2

Figure 6-18. The results ofa rolled-back transaction

Locking Tables
SQLServer has different isolation levels to control how transact ion s from one connection affect SE LECT
statements from another connection. Learn ing about isolation levels is beyond the scop e of this book,
but this section will demonstrate the default behavior. For this example, you will use two qu ery
windows, so follow the instructions carefully.
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1. From query window 1, run this code:

USE AdventureWorks2012 ;
GO
IF EXISTS (SELECT * FROM sys .obj ect s

WHERE object_id = OBJECT_ID(N '[dbo].[demoTransaction] ')
AND t ype in (N 'U'))

DROP TABLE [dbo] .[demoTransaction] ;
GO

CREATE TABLE dbo .demoTransaction (COIl INT NOT NULL);
GO

BEGIN TRAN
INSERT INTO dbo .demoTransaction (coIl) VALUES (1);
INSERT INTO dbo .demoTransaction (COIl) VALUES (2);

2. Switch to window 2, and run this code:

USE AdventureWorks2012 ;
GO
SELECT coIl FROMdbo .demoTransact ion;

3. At this point, you will see nothing returned from the code from step 2 as it
continues to execute. Switch to window 1, and run this code:

COMMIT TRAN

4. Switch back to window 2 to viewthe results.

Once you committed the transaction in step 3, the SELECT statement in window 2 could complete.
Tolearn more about locks, transactions, and isolation levels, read SQL Server 2008 Transact -SQL Recipes
by Joseph Sack (Apress, 2008) . You willlearn how to add conditional logic to your transactions in
Chapter 7. For now, practice what you have learned by completing Exercise 6-4.

EXERCISE 6-4

Use the AdventureWorks2012 database tocomplete this exercise. Run the following scripttocreatea table
for this exercise. You can find the solutions inthe Appendix.

IF OBJECT ID( 'dbo.Demo') IS NOT NULL BEGIN
DROP TABLE dbo .Demo;

END;
GO
CREATE TABLE dbo .Demo(ID INT PRIMARY KEY, Name VARCHAR( 2S));

1. Write atransaction that includes two INSERT statements toadd two rows to the
dbo.Demo table.

2. Write atransaction that includes two INSERT statements toadd two more rows to
the dbo.Demo table. Attempt to insert a letter instead ofanumber into the ID
column inone of the statements. Select the data from the dbo.Demo table tosee
which rows made it tothe table.

236



CHAPTER 6 MANIPULATING DATA

Thinking About Performance
SQLServer performs best when working on sets ofdata instead of one rowat a time. Oftendevelopers
write code that loops through a record set and performs an update or insert for each pass through the
loop. The examplecode in Listing 6-19 demonstrates the differencein performance between the two
techniques. Download and run the code from this book's page on www.apress.com.Youmay need to stop
the code execution after a fewminutes.

Listing 6-19. The Difference Between the Set-Based and Iterative Approaches

USE AdventureWorks2012;
GO
--Create a work table
IF EXISTS (SELECT * FROM sys.objects

WHERE object_id = OBJECT_ID(N '[dbo].[demoPerformance] ')
AND type in (N'U'))

DROP TABLE [dbo].[demoPerformance];
GO

CREATE TABLE [dbo].[demoPerformance](
[SalesOrderID] lint] NOT NULL,
[SalesOrderDetaiIID] lint] NOT NULL,

CONSTRAINT [PK demoPerformance] PRIMARY KEY CLUSTERED
( -

[SalesOrderID] ASC,
[SalesOrderDetaiIID] ASC

)WITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY = OFF,
ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON) ON [PRIMARY]

) ON [PRIMARY]

GO

PRINT 'Insert all rows start';
PRINT getdate();

--Insert all rows from the Sales.SalesOrderDetail table at once
INSERT INTO dbo.demoPerformance(SalesOrderID, SalesOrderDetailID)
SELECT SalesOrderID, SalesOrderDetailID
FROM Sales.SalesOrderDetail;

PRINT 'Insert all rows end';
PRINT getdate() ;

--Remove all rows from the first insert
TRUNCATE TABLE [dbo].[demoPerformance];

PRINT 'Insert rows one at a time begin' ;
PRINT getdate();
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--Set up a loop to insert one row at a time
WHILE EXISTS(

SELECT *
FROMSales .SalesOrderDetail AS d LEFT JOIN dbo .demoPerformance AS p
ON d.SalesOrderID = p.SalesOrderID

AND d.SalesOrderDetailID = p.SalesOrderDetailID
WHERE p.SalesOrderID IS NULL) BEGIN

INSERT INTO dbo .demoPerformance (SalesOrderID,SalesOrderDetailID)
SELECT TOP 1 d.SalesOrderID, d.SalesOrderDetailID
FROMSales .SalesOrderDetail AS d LEFT JOIN dbo .demoPerformance AS p
ON d.SalesOrderID = p.SalesOrderID

AND d.SalesOrderDetailID = p.SalesOrderDetailID
WHERE p.SalesOrderID IS NULLj

END
PRINT 'Insert rows one at a time end' j
PRINT getdate() j

Afterthe code executes or you stop execution after a fewminutes, click the Messagestab to see the
results (Figure 6-19). Run this statement to see how many rowswere actuallyinserted from the loop:

USE AdventureWorks2012j
GO
SELECT COUNT( *) FROMdbo.demoPerformance j

The loop inserted about 12,000 rows for me in over 7 minutes!The first INSERT statement, inserting
more than 120,000 rows, took less than a second to run.

Wj r. essages 1'-- _
Insert all r ows sta t
l ay 30 2011 12:37P

(121317 r ow(s) affected )
Insert all r OI send

ay 30 2011 12:37P
Insert r ows one at a time begin
l ay 30 2011 12:37PM

Figure 6-19. The results ofcomparing one insert us. a loop with multiple inserts

Database Cleanup
Run the script in Listing 6-20 to clean up the tables used in this chapter. Youcan download the script
from this book's page at www.apress.com.Alternately, you can reinstall the sample databases by following
the instructions in the "Installing the Sample Databases" section in Chapter 1.
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USE [AdventureWorks2012]j
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoProduct]')

AND type in (N'U'))
DROP TABLE [dbo].[demoProduct]j
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoCustomer]')

AND type in (N'U'))
DROP TABLE [dbo].[demoCustomer]j
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoAddress]')

AND type in (N 'U'))
DROP TABLE [dbo].[demoAddress]j
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N '[dbo].[demoSalesOrderHeader] ')

AND type in (N'U'))
DROP TABLE [dbo].[demoSalesOrderHeader]j
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoSalesOrderDetail]')

AND type in (N 'U'))
DROP TABLE [dbo].[demoSalesOrderDetail]j
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoTransaction]')

AND type in (N'U'))
DROP TABLE [dbo].[demoTransaction]j
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoCustomerSummary]')

AND type in (N 'U'))
DROP TABLE [dbo].[demoCustomerSummary]j
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N '[dbo].[demoDefault] ')

AND type in (N'U'))
DROP TABLE [dbo].[demoDefault]j

CHAPTER 6 MANIPULATING DATA
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GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N' [dbo].[demoAutoPopulate] ')

AND type in (N'U'))
DROP TABLE [dbo].[demoAutoPopulate];

USE [AdventureWorks2012];
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N'[dbo].[demoPerformance]')

AND type in (N'U'))
DROP TABLE [dbo].[demoPerformance];

Summary
Writing data modification statements is not difficult once you've mastered the basics of selecting data.
These tasks do, however, require much more care because it's possible to unintentionally modify and
delete rows or even empty entire tables. Always check the WHERE clause with a SELECT statement first
when writing ad hoc statements.

Whenever possible, do modifications on sets of data, not one row at a time. You will often see
amazing differences in performance. Many developers learn to operate on one row at a time, but this is
not the best way for SQL Server to work.
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Understanding T·SQL
Programming Logic

Even though the primary purpose of T-SQLis to retrieve and manipulate data, like other programming
languages it also contains logic elements. Most of the time you will write T-SQLstatements that retrieve
or update data, but you can also set up loops and write code with conditional flow. Often database
administrators write scripts in T-SQLto perform maintenance tasks that require more than just
retrieving or updating data. For example, you might need to write a script that checks the last backup
date of all databases on the server or checks the free space of all the databases. Although most
administrative tasks are beyond the scope of this book, you may find many uses in your environment for
the techniques you learn in this chapter.

Variables
If you have programmed in any other language, you have probably used variables in your programs.
Variables hold temporary values used to help you in designing programming logic. For example, you
might use a variable to hold the results of a calculation, or the results of a string concatenation, or to
control the number oftimes a loop executes.

Declaring and Initializing a Variable
To use a variable, you must first declare it. SQLServer 2012 also gives you the option to initialize a
variable, that is, assign a value to the variable at the same time that you declare it. Versions earlier than
SQLServer 2008 required that you assign a value on a separate line. Here is the syntax for declaring a
variable and assigning a value at the same time and later in the code:

DECLARE @variableName <type>[(size)] = <valuel>
SET @variableName = <value2>

You assign a value to a variable after you declare it by using the SET statement or by using the SE LECT
statement. The SET statement lets you work with only one variable at a time. The SE LECT statement allows
multiple variables to be modified in the same statement. Using a SELECT statement to assign values to
multiple variables is more efficient than individual SET statements. In most cases, the difference is so
small that you should just write your code using whichever technique you prefer. You can also assign a
value to a variable from a column within a query . When doing so, that is the only thing the query can do;
the query can 't return a result set. Type in and execute Listing 7-1 to learn how to declare and assign
variables.
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Listing 7-1. Declaring and Using Variables

USE AdventureWorks2012;
GO

--1
DECLARE @myNumber INT = 10;
PRINT 'The value of @myNumber' ;
PRINT @myNumber;
SET @myNumber = 20;
PRINT 'The value of @myNumber' ;
PRINT @myNumber;
GO

--2
DECLARE @myString VARCHAR(100), @myBit BIT;
SELECT @myString = 'Hello, World', @myBit = 1;
PRINT 'The value of @myString';
PRINT @myString;
PRINT 'The value of @myBit';
PRINT @myBit;
GO

--3
DECLARE @myUnicodeString NVARCHAR(100);
SET @myUnicodeString = N'This is a Unicode String';
PRINT 'The value of @myUnicodeString';
PRINT @myUnicodeString;
GO

--4
DECLARE @FirstName NVARCHAR(50), @LastName NVARCHAR(50);
SELECT @FirstName = FirstName, @LastName = LastName
FROM Person.Person
WHERE BusinessEntityID = 1;

PRINT 'The value of @FirstName';
PRINT @FirstName;
PRINT 'The value of @LastName';
PRINT @LastName;
GO

--5
PRINT 'The value of @myString';
PRINT @myString;

Figure 7-1 shows the results of the script. The script in Listing 7-1 consists offive batches after
setting the database context. Batch 1 declares and initializes the local variable @myNumber in one line
to the value 10. Local variables in T-SQLbegin with the @symbol and are in scope within the current
connection and the current batch. Another line in the batch sets the value of the variable to 20 using the
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SET command. The SET command will set the value of only one variable at a time. Using the PRINT
command, you can print the value of a variable.

~ f, essages 1 _

The val ue of @myNumber
10
The val ue of @myNumber
2ej
The val ue of @mySt r in g
Hello, Hor l d
The val ue of @myBi t
1
The val ue of @myUnicodeStrin g
Thi s i s a Uni code St ring
The val ue of @F irstName
Ken
The val ue of @LastName
Sanche:

sg 137, Level 15, State 2, Line 4
ust declare the scalar variable "@lnyString" .

Figure 7-1. The results ofdeclaring and initializing a variable

Batch 2 demonstrates how you can declare more than one variable on the same line. The batch uses
a SELECT statement to assign values to both the variables in the same statement. Batch 3 demonstrates
that you set the value of an NVARCHAR string a bit differently. You must begin the string with the uppercase
letter N. By doing so, SQL Server converts the string to Unicode. Ifyou don't begin the string with N, the
string will remain as a non-Unicode string, and you may lose any special characters.

In batch 4, the SELECT statement assigns the value of the FirstName and LastName columns to two
variables from one row of the Person. Person table. In this case, the WHERE clause restricts the SELECT
statement to just one row. If the statement didn't have a WHERE clause or a less restrictive one, the
statement would assign the last value returned to the variable.

Batch 5 demonstrates that the variable declared in batch 2 is no longer in scope. Variables go out of
scope when the batch completes. Even if there is only one batch in the script, once the code completes,
the variable goes out of scope and is no longer in memory.

Using Expressions and Functions with Variables
The previous example demonstrated how to declare and assign a literal value or a value from a query.
You can also use any expression and function to assign a value to a variable. For example, you may need
to save the count of the rows of a query for later in the script, or you may need to save the value of a file
name concatenated to a file path for a maintenance script. Type in and execute the code in Listing 7-2 to
learn more about variables.

Listing 7-2. Using Expressions and Functions to Assign Variable Values

USE AdventureWorks2012;
GO

--1
DECLARE @myINT1 INT 10, @myINT2 INT 20, @myINT3 INT;
SET @myINT3 = @myINTl * @myINT2;
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PRINT 'Value of @myINT3: ' + CONVERT(VARCHAR,@myINT3);
GO

--2
DECLARE @myString VARCHAR(100);
SET @myString = 'Hello, ';
SET @myString += 'World';
PRINT 'Value of @myString: ' + @myString;
GO

--3
DECLARE @CustomerCount INT;
SELECT @CustomerCount = COUNT(*)
FROM Sales.Customer;
PRINT 'Customer Count: ' + CAST(@CustomerCount AS VARCHAR);

--4
DECLARE @FullName NVARCHAR(152);
SELECT @FullName = FirstName + ISNULL(' , + MiddleName,' ') + ' , + LastName
FROM Person. Person
WHERE BusinessEntityID = 1;
PRINT 'FullName: ' + @FullName;

Figure 7-2 shows the results. Batch 1 declares three integer variables and assigns a value to two of
them. The next line uses the SETstatement to assign the sum of the two variables to the third one .
Finally, to print the label explaining the value and the value on the same line, the code converts the
@myINT3variable to a string.

, Messages 1 _

Value of @myINT3: 200
Value of @mySt ring: Hello, l or l d
Customer Count : 19820
FullName: Ken) Sanchez

Figure 7-2. The results ofusing variables with expressions

Batch 2 assigns the value Hello (with a space after it) to the @myString variable. The next line uses
the += operator to concatenate another string, World, to the variable. The += operator is available in
many programming languages as a shorter way to write an assignment. Without the shortcut, the code
would look like this :

SET @myString = @myString + 'World';

Batch 3 assigns the result of the aggregate expression COUNT (*) to the variable @CustomerCount. When
assigning a value to a variable from a query, you will assign only one value to a variable. In this case, the
query returns only one value, the count of all the rows from the table. The query in Batch 4 also returns
one row because of the criteria in the WHERE clause . The query assigns a value to the @FullName variable
for one row only.
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Using Variables in WHERE and HAVING Clauses
So far, the examples in this bookhave used literal values in the expressions, also known as predicates, in
WHEREand HAVING clauses. You will often not knowahead of time what values willbe needed, so it makes
sense to use variables. Type in and execute the code in Listing 7-3 to learn more about using a variable
instead of a literal value in a WHEREor HAVING clause.

Listing 7-3. Using a Variable in a WHERE or HAVING Cla use Predicate

USE AdventureWorks2012;
GO

- -1
DECLARE @ID INT;
SET @ID = 1;

SELECT BusinessEntityID, FirstN ame, LastName
FROMPerson.Person
WHERE BusinessEntityID = @ID;
GO

-- 2
DECLARE @FirstName NVARCHAR(50);
SET @Fi rst Name = N'Ke%' ;

SELECT BusinessEntityID, FirstName, LastName
FROMPerson. Person
WHERE FirstName LIKE @Fi rst Name
ORDER BY BusinessEntityID;
GO

--3
DECLARE @ID INT = 1;
- -3 .1
SELECT BusinessEntityID, FirstName, LastName
FROMPerson.Person
WHERE @ID = CASE @ID WHEN0 THEN 0 ELSE BusinessEntityID END ;

SET @ID = 0;

- -3 .2
SELECT BusinessEntityID, FirstName, LastName
FROMPerson. Person
WHERE @ID = CASE @ID WHEN0 THEN 0 ELSE BusinessEntityID END ;

GO

--4
DECLARE @Amount INT = 10000;

SELECT SUM(TotalDue) AS TotalSales , CustomerID
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LastName

Sanchez
I

1

FROM Sales .SalesOrderHeader
GROUP BY CustomerID
HAVING SUM(TotalDue) > @Amount j

Figure 7-3 shows th e results. Batch 1 declares a variable @ID and assigns th e valu e 1. The qu ery uses
th e var iable in th e WHEREclause to restr ict th e results to just th e row from the Pers on.Pers on table where
th e BusinessEntityID is 1. Batch 2 demonst rat es how pattern matching with LIKE can be used . The
variable contains th e wildcard %. The query returns all rows where th e FirstName begins with Ke.

Resu~s I __
BusinessEntityl0 RrstName

[X.~."·"~··~~·=···~~~ ·] Ken
~~~:==----

I BusinessEntity)0 RrstName LastName

I 1
[l~·"""".·""""".·.·".~~·.~~.·.~"~="~~] Ken Sanchez

1 2 17 Kevin Brown

13 58 Kendall Keil

4 105 Kevin Homer

5 195 Kevin Uu

BusinessEntityl0 FlI'SlName LastName

[~""=""~''''' ' ''':~ '' '~~'.~''~.:''' ''']
Ken Sanchez

- -
I BusinessEntitylD FlI'SlName LastName
I

1.._·..•........_ ..·_.. ·_ ...._-·

1 i 285 ! Syed .Abbas
......._._..__.._ ._.._ ._..!

2 293 Catherine .Abel
1 3 295 Kim .Abercrombie
1 4 2170 Kim .Abercrombie

5 38 Kim .Abercrombie

r TotalSales CustomerlD
I

1.._ ........_ ..•..•..·_ ..•..···,

1 L.~.~.~.~.~~:~~~.J 30030

12 169356.0531 29784
1

3 550658.3836 30076
4 137844.0484 29538

15 625084.409 29615

Figure 7-3. The partial results ofusing a variable in the WHERE and HAVlNG clauses

Batch 3 uses the variable @ID within a CASE express ion in the WHERE clause. The variable starts out
with the value 1. Query 3.1 returns only th e row in which Busin essEnti tyID equals 1. Take a closer look at
th e CASE expression. The variab le do es not equal 0, so the CASE expression returns th e column
BusinessEntityID. The variabl e @ID equals the Bus inessEntityID in only on e row. In query 3.2, the value
of@ID is O. The CASE expression returns 0 becau se @ID is equal to O. Since @IDis equal to 0 and th e CASE
expressi on retu rns 0, the query returns every row. Zero is always equal to zero .

Batch 4 demonstrates th at th e varia bles can also be used in th e HAVING clause of an aggregate qu ery.
Recall from Chapter 5 th at you use th e HAVING clau se to filter th e rows afte r th e dat ab ase engine
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processes the GROUP BY clau se. The que ry returns only the rows from the Sales.SalesOrderH eader tabl e
where the TotalSales value by Customer ID exceeds the value stored in @Amount.

Now that you understand some of the things you can do with variables, practice working with them
by completing Exercise 7-1.

EXERCISE 7-1

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions inthe
Appendix.

1. Write ascript that declares an integer variable called @myInt. Assign 10tothe
variable, and then print it.

2. Write ascript that declares aVARCHAR(20) variable called @myString. Assign
"Thi s is a test" tothe variable, and print it.

3. Write ascript that declares two integer variables called @MaxIDand @Mi nID. Use
the variables toprint the highest and lowest SalesOrderID values from the
Sales.SalesOrderHeader table.

4. Write ascript that declares an integer variable called @ID. Assign the value 70000
tothe variable. Use the variable ina SELECT statement that returns all the rows
from the Sales.SalesOrderHeader table that have aSalesOrderID greater than the
value of the variable.

5. Write ascript that declares three variables, one integer variable called @ID, an
NVARHCAR(50) variable called @FirstName, and aVARCHAR(50) variable called
@Last Name. Use a SE LECT statement toset the value ofthe variables with the row
from the Person.Person table with BusinessEntityID = 1. Print astatement in
the "BusinessEntityID: FirstName LastName" format.

6. Write ascript that declares an integer variable called@Sal esCount. Set the value
of the variable tothe total count ofsales inthe Sales.SalesOrderHeader table. Use
the variable ina SELECT statement that shows the difference between the
@SalesCount and the count ofsales by customer.

The IF... ELSE Construct
Use IF along with the opt ional ELSE keyword to cont rol code flow in yourT-SQLscripts . Use IF just as
you would in any other progra mming language to execute a sta teme nt or group of stateme nts based on
an expressi on that must evaluate to TRUEor FALSE. For example, you might nee d to display an error
message if the coun t of the rows in a table is too low. If the count exceeds a given value, your code
repopulates a production table.
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Using IF
Always follow the keyword IF with a condition tha t evalua tes to TRUE or FALSE. You can follow the
condition with the next sta teme nt to run on the same line or on the next line. If the condition applies to
a group of statements, you will use BEGIN and END to designate which sta tements are within the IF block.
Here is the syntax:

IF <condi t i on> <st at ement >

IF <condi tion>
<st at ement>

IF <condi t i on> BEGIN
<statement1>
[<statement2>J

END

To make my code more readable and avoid mistakes, I use the first and third methods bu t avoid the
seco nd. For exampl e, I might decide later to add a PRINT statement before the line to execute when the
condition is tru e. In that case, I might accidentally cause the IF to apply just to the PRINT sta tement by
forgett ing to go back and add BEGIN an d END. Type in and execute the code in Listing 7-4 to learn how to
use IF.

Listing 7-4. Using IF to Con trol Code Execution

USE AdventureWorks2012;
GO

--1
DECLARE @Count INT;

SELECT @Count = COUNT( *)
FROMSales .Customer;

IF @Count > 500 BEGIN
PRINT 'The customer count is over 500.' ;

END;
GO

--2
DECLARE @Name VARCHAR(50);

SELECT @Name = FirstName + ' , + LastName
FROMPerson . Person
WHERE BusinessEntityID = 1;

- -2 .1
IF CHARINDEX('Ken' ,@Name) > 0 BEGIN

PRINT ' The name for BusinessEntityID = 1 contains "Ken"' ;
END;
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--2.2
IF CHARINDEX('Kathi' ,@Name) > 0 BEGIN

PRINT 'The name for BusinessEntityID = 1 contains "Kathi"';
END;

Figure 7-4 shows the results. Batch 1 retrieves the count of the rows in the Sales.Customer table. If
the count exceeds 500, then the PRINT statement executes. You can use any valid statements within the
IF block. These code examples use PRINT statements so that you can easily see the results. Batch 2
assigns the value returned by the expression FirstName + ' , + LastName to the variable. The 2.1 IF block
executes the PRINT statement if the value contains Ken. The 2.2 IF block executes the PRINT statement
if the value contains Kathi. Since the value doesn't contain Kathi, nothing prints.

, Messages I
The custo-m-er-c-o-un-t--:"i -s-o-v-e-r-S--e-e-.-------

The name for BusinessEntityID 1 con tains "Ken"

Figure 7-4. The results afusing IF

Using ELSE
Often you will need to perform an alternate option if the condition you are checking is false . If you are
using the BEGIN and END keywords in the IF block, you must close the block first before adding ELSE. Just
like IF, you can use BEGIN and END to designate the ELSE block. You can also type the statement on the
same line or the next line if you choose. Here is the syntax for many of the ways you can use ELSE:

IF <condition> <statement>
ELSE <statement>

IF <condition> BEGIN
<statement1>
[<statement2>]

END
ELSE <statement>

IF <condition> BEGIN
<statement1>
[<statement2>]

END
ELSE BEGIN

<statement1>
[<statement2>]

END

The syntax examples show some of the ways you can use ELSE along with IF. You can use BEGIN and
END with both or either parts of the construct. Type in and execute Listing 7-5 to learn how to use ELSE .

Listing 7-5. Using ELSE

USE AdventureWorks2012;
GO
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--1
DECLARE @Count INT;

SELECT @Count = COUNT(*)
FROM Sales.Customer;

IF @Count < 500 PRINT 'The customer count is less than 500.';
ELSE PRINT 'The customer count is 500 or more.';
GO

--2
DECLARE @Name NVARCHAR(101);

SELECT @Name = FirstName + ' , + LastName
FROM Person.Person
WHERE BusinessEntityID = 1;

--2.1
IF CHARINDEX('Ken', @Name) > 0 BEGIN

PRINT 'The name for BusinessEntityID = 1 contains "Ken"';
END;
ELSE BEGIN

PRINT 'The name for BusinessEntityID = 1 does not contain "Ken"' ;
PRINT 'The name is ' + @Name;

END;
--2.2
IF CHARINDEX('Kathi', @Name) > 0 BEGIN

PRINT 'The name for BusinessEntityID = 1 contains "Kathi"';
END;
ELSE BEGIN

PRINT 'The name for BusinessEntityID = 1 does not contain "Kathi"';
PRINT 'The name is ' + @Name;

END;

Figure 7-5 shows the results. This listing looks almost like Listing 7-4 except that it contains the ELSE
blocks . Batch 1 saves the count ofthe customers in a variable. This time, if the count is less than 500, the
PRINT statement in the IF block executes. In this case, the count exceeds 500, so the PRINT statement in
the ELSE block executes. Batch 2 executes the PRINT statement in the IF block of the 2.1 section of code
because the value of the variable contains Ken. The 2.2 section of code executes the PRINTstatement in
the ELSE block because the value of the variable does not contain Kathi.

WMessages 1 --,- _

The cus tomer count is see or mor e .
The name fo r BusinessEntityID 1 contains "Ken"
The name fo r BusinessEntityID = 1 does not contain "Kathi"
The name is Ken Sanchez

Figure 7-5. The results ojusing ELSE
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Using Multiple Conditions
So far, the examples have shown only one condition along with each IF or ELSE. You can include
multiple conditions along with AND and OR just like within a WHERE clause. You can also control the logic
with parentheses. For example, you may need to execute a statement only if the current day is Monday
and the count of the rows in a table exceeds a certain value. Type in and execute the code in Listing 7-6.

Listing 7-6. Using Multiple Conditions with IFand ELSE

USE AdventureWorks2012;
GO

--1
DECLARE @Count INT;

SELECT @Count = COUNT(*)
FROM Sales.Customer;

IF @Count > 500 AND DATEPART(dw,getdate()) 2 BEGIN
PRINT 'The count is over 500.';
PRINT 'Today is Monday.';

END
ELSE BEGIN

PRINT 'Either the count is too low or today is not Monday.';
END;
--2
IF @Count > 500 AND (DATEPART(dw,getdate()) = 2 OR DATEPART(m,getdate())= 5) BEGIN

PRINT 'The count is over 500.'
PRINT 'It is either Monday or the month is May.'

END

Figure 7-6 shows the results. This listing contains just one batch after setting the database context.
IF block 1 checks to see whether the count exceeds 500 and whether the current day of the week is
Monday. You may get different results depending on the day of the week you run the code. IF block 2
checks first to see whether the day of the week is Monday or whether the current month is May. The
block then checks the count, which must exceed 500. Since both the count exceeds 500 and I executed
the code in May, the statements print. Again, you may get different results depending on when you run
the code example.

. Messages 1 _

Either the count is too low or today i s not Monday .
The count is over see
It is either Monday or the month is May .

Figure 7-6. The results ofusing multiple conditions with IF

Nesting IF... ELSE
You can nest IF and ELSE blocks inside other IF and ELSE blocks to create even more complex logic . For
example, you may need to check to make sure the current date is not a Sunday and execute a statement.
Then within the IF block, check to make sure the table has at least a certain number of rows before
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executing anothe r statement. The BEGIN and END keywords are sometimes optional, but I suggest you
include the m to make sure that the cod e is correct and reada ble. Here are two of the possible syntax
examples:

IF <condition> BEGIN
[<statementl>]
IF <condition> BEGIN

<statement2>
END

END

IF <condition> BEGIN
<statement1>

END
ELSE BEGIN

[statment2]
IF <condition> BEGIN

<statement3>
[<statement4>]

END
ELSE <statementS>

END

As you can probably tell, nesting IF blocks can cause your code to become complicated. Be sure to
use comme nts and consistent form atting to aid in your understanding of the code when you come back
to it a few months or years after you write it. Type in and execute the code in Listing 7-7 to learn how to
nest IF blocks.

Listing 7-7. Using a Nested IF Block

USE AdventureWorks2012;
GO

DECLARE @Count INT;

SELECT @Count = COUNT( *)
FROM Sales .Customer;

IF @Count > 500 BEGIN
PRINT 'The count is over 500. 0

;

IF DATEPART(dw,getdate()) = 2 BEGIN
PRINT 'Today is Monday.';

END ;
ELSE BEGIN

PRINT 'Today is not Monday. ';
END;

END;

Figure 7-7 shows the result s. Since the count exceeds 500, the code executes the first PRINT
stateme nt. Then depending on the day that you execu te the code, one of the sta teme nts inside the
nested IF...ELSE block will print . When writing nested IF blocks, make sure that the logic actually acts in
the way you intended.
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, Messages 11.- _
The count i s over SBB.
Today is not l onday .

Figure 7-7. The results ofusing a nested IF block

Using IF EXISTS
You can use IF EXISTS to check for the results of a SELECT statement before executing the statements
within the IF block. For example, you could check to see whether a certain part number is listed in the
parts table. If it is, then based on the results you can choose to begin or end the script or raise an error .
You may have noticed IF EXISTS being used in Chapter 6 to check the system tables to make sure a table
exists before dropping it. Here is the syntax:

IF [NOT] EXISTS(SELECT * FROM <TABLE1> [WHERE <condition>]) BEGIN
<statement1>

[<statement2>]
END

This is one of the cases where using the asterisk (*) is perfectly acceptable. The database engine just
checks to see whether the query will return even one row but doesn't return any rows at all. The EXISTS
function returns only TRUE or FALSE. Type in and execute Listing 7-8 to learn how to use IF EXISTS.

Listing 7-8. Using IF EXISTS

USE AdventureWorks2012;
GO

--1
IF EXISTS(SELECT * FROM Person. Person WHERE BusinessEntityID = 1) BEGIN

PRINT 'There is a row with BusinessEntityID = 1';
END
ELSE BEGIN

PRINT 'There is not a row with BusEntityID = 1';
END;

--2
IF NOT EXISTS(SELECT * FROM Person. Person WHERE FirstName = 'Kathi') BEGIN

PRINT 'There is not a person with the first name "Kat hi" . ' ;
END;

Figure 7-8 shows the results. Listing 7-8 contains one batch after setting the database context. IF
block 1 checks to see whether there is a row in the Person.Person table with BusinessEntityID =1. You
can also use ELSE along with IF EXISTS. IF block 2 uses the NOT keyword to make sure that there isn 't a
row with the FirstName of Kathi and executes the PRINT statements since there isn't a row with that
name.
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Messages 1 _

There is a r ow wi t h BusinessEntityID = 1
There is not a person wi t h t he fi rst name "Kathi" .

Figure 7-8. The results ofusing IF EXISTS

You should now know how to use IF and ELSE in a nu mber of situa tions. Practice what you have
learn ed by completing Exercise 7-2.

EXERCISE 7-2

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions inthe
Appendix.

1. Write abatch that declares an integer variable called @Count tosave the count of
all the Sales.SalesOrderDetail records. Add an IF block that that prints "Over
100,000" if the value exceeds 100,000. Otherwise, print "100,000 or less. "

2. Write abatch that contains nested IF blocks. The outer block should check tosee
whether the month isOctober orNovember. If that is the case, print "The month is
" and the month name. The inner block should check tosee whether the year is
even orodd and print the result. You can modify the month tocheck to make sure
the inner block fires.

3. Write abatch that uses IF EXISTS tocheck tosee whether there isa row inthe
Sales.
SalesOrderHeader table that has SalesOrderID = 1. Print "There isa
SalesOrderlD = 1" or "There is not a SalesOrderlD = 1" depending on the result.

WHILE
Use the WHI LEconstruc t to set up loops, or code that execu tes a number of times, in T-SQL.For example,
you might have a script that updates 10,000 rows each tim e within the loop because updating 10,000
rows at a time is more efficient than up dating millions of rows at once.

Using a WHILE Loop
The WHILEloop requires a condi tion (an expression that evalua tes to tru e or false) to determine when the
loopi ng sho uld stop. [f you don't specify a condition , the loop will run unt il you stop it or some error
conditio n causes it to stop. Here is the syntax:
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WHILE <condition> BEGIN
<st at ement1>

[<statement2>]
END

You can use seve ral different techniques to create th e condit ion that th e datab ase engine checks to
determ ine when to exit th e loop. One techniqu e is to declare a variable, usually an integer, to be used as
a counter. At th e beginning of th e loop, the code compares the variable to a value . Inside th e loop, the
code increm ents the variable. Ano the r comm on way to control th e loop is by using th e EXISTS keyword.
This might be used if a sta tement within the loop modifies data in th e tabl e used in th e EXISTS condition.
Type in and execute Listing 7-9 to learn ho w to use WHILE.

Listing 7-9. Using WHILE

USE AdventureWorks2012;
GO

--1
DECLARE @Count INT = 1;

WHILE @Count < 5 BEGIN
PRINT @Count ;
SET @Count += 1;

END;
GO

--2
IF EXISTS (SELECT * FROM sys.objects

WHERE object_id = OBJECT_ID(N'dbo.demoContactType')
AND t ype in (N'U'))

DROP TABLE dbo.demoContactType;
GO
CREATE TABLE dbo.demoContactType(ContactTypeID INT NOT NULL PRIMARY KEY,

Processed BIT NOT NULL);
GO
INSERT INTO dbo.demoContactType(ContactTypeID ,Processed)
SELECT ContactTypeID, 0
FROM Person .ContactType;
DECLARE @Count INT = 1;
WHILE EXISTS(SELECT * From dbo.demoContactType WHERE Processed = 0) BEGIN

UPDATE dbo.demoContactType SET Processed 1
WHERE ContactTypeID = @Count;
SET @Count += 1;

END;
PRINT 'Done!';

Figure 7-9 shows th e partial results. Batch 1 declares a var iable an d sets th e value to 1 to use
as a counter. Once the value of @Count reached 5, the execution exited the loop. It is very important that
you set the value of the counter before th e WHILE sta tement. If the valu e is NULL, th en the statement
incrementing the value of the counter will not act ually do anyt hing since adding one to NULLreturns
NULL. In this case, th e loop will run indefinitely. The oth er opt ion is to chec k for a NULL counter
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variable inside the loop and set the value at that po int . The code print s the value of the counter each
time through the loop .

Messages I
1 ------

2
3
4

( 29 ~ow( s) af f ect ed)

(1 ~ow( s) affected )

(1 ~ow( s) affected )

Done!

Figure 7-9. The results ofusing a WHILE loop

The next example contains more than one bat ch becau se it create s an d populates a table to
be updated within the loop . This example also contain s a variable called @Count, but the value of
@Count doesn 't control the execution. This WHILE loop checks to see whether any rows in table
dbo .demo Cont actType have a zero value in the Processed column. Each tim e through the loop , the code
update s any rows with a ContactType ID equal to the current value of@Count . (I removed all but two of
the statements repo rting that one row has been updated to save space in Figure 7-9.) When no more
rows exist with Processed = 0, the code completes , and the PRINT stateme nt executes. I purposely chose
a small table for this example because processing a table row by row is very inefficient.

• Note Keep inmind that row-by-row (or RBAR, "row-by-agonizing-row," as it is known in the Sal community)
is inefficient because ofthe amount of locks Sal Server needs tocreate and the number ofcommits. There isno
"correct" number in regards to the amount of rows you should commit atanyone time. Committing too many rows
inone transaction could delay your processing during the commit while growing the transaction log; too few could
also slow down execution. The answer isalways somewhere inthe middle. Plan on testing your batch jobs to
judge the best performance.

Using ROWCOUNT
When you run a T-SQLstateme nt, your stateme nt will return, update, inse rt, or delete all rows meeting
the criteria or join condition . Bytu rn ing on the ROWCOUNT setting, you can specify the numb er of rows
affected by each execution ofthe stateme nts. The setting stays in effect for the current conn ection until
it is tu rned off. This technique may be used in a WHILE loop to process a smaller po rtion of the rows at a
time. Recall the car key analogy in Cha pter 6 where the solution was to move all the keys at once instead
of one at a tim e. If the pile of keys is too large to transfer at onc e, you might make two or thr ee tran sfers
but you wouldn' t resort to moving one key at a time . Here is the syntax:

SET ROWCOUNT <numberl@variable>
SET ROWCOUNT 0
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To turn off ROWCOUNT, se t the value to O. Type in and execu te the co de in Listing 7-10 to learn how to
u se ROWCOUNT.

Listing 7-10. Using SET ROW COUNT to Limit the Number of Rows Affec ted

USE AdventureWorks2012;
GO

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N 'dbo.demoSalesOrderDetail ')

AND type in (N'U'))
DROP TABLE dbo.demoSalesOrderDetail;
GO
CREATE TABLE dbo .demoSalesOrderDetail(SalesOrderID INT NOT NULL ,

SalesOrderDetailID INT NOT NULL, Processed BIT NOT NULL) ;
GO
SET ROWCOUNT 0;

INSERT INTO dbo .demoSalesOrderDetail(SalesOrderID,SalesOrderDetailID,Processed)
SELECT SalesOrderID, SalesOrderDetailID, 0
FROM Sales .SalesOrderDetail ;
PRINT 'Populated work table';

SET ROWCOUNT 50000;
WHI LE EXISTS(SELECT * From dbo.demoSalesOrderDetail WHERE Processed = 0) BEGIN

UPDATE dbo .demoSalesOrderDetail SET Processed = 1
WHERE Processed = 0;
PRINT ' Updat ed 50,000 r ows';

END ;
PRINT 'Done ! ';

Figure 7-10 shows the resu lts. The co de firs t creates and populat es a co py of the
Sales.SalesOrderDetail table. A state ment changes the ROWCOUNT to 50,000 so the UPDATE statement
inside the loop will u pdate only 50,000 ro ws at a time. Once there are n o rows left with the value ze ro in
th e Processed col u mn, the loop comp letes. Be carefu l when writing a loop like th is. If th e WHERE clause
that makes sure that the statement includes on ly the ro ws that n eed to be updated is missing, the loop
will continue indefinitely. That 's bec ause it will o therwise keep updat ing th e same rows over and over.
Notice that I inclu de th e SET ROWCOUNT a line before the code to create th e table. By default,
ROWCO UNT is turned off, so th e insert works as expected th e firs t tim e. Withou t turning off
ROWCOUNT, the INSERT sta te ment inserts only 50,000 ro ws the second time you run it.
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Messages 1'-- _
( 121317 r ow(s) affected )
Populated work table

(seeee r ow(s) affected )
Updated se,eee r ows

(seeee r ow(s) affected )
Updat ed se,eee r ows

( 21317 r ow(s) affected )
Updat ed se,eee r ows
Done!

Figure 7-10. The results ofusing the ROWCOUNT setting

Nesting WHILE Loops
Just as you ca n nest IF blo cks, you ca n creat e WHILE loops withi n WHILE loops. You can also nest IF blocks
wi thin WHILE loops and WHILE loops within IF blocks. The important th ing to remember whe n your T­
SQL scrip ts become more co mplex is to keep your formatting co nsistent and add comm ents to your
code . You m ay under stand what your code do es whe n you write it , but you m ay have a h ard time
figuring it out months or years lat er when you n eed to troubleshoot a problem or m ake a change. Typ e in
and execu te Listing 7-11 to learn ho w to nes t WHI LE loops.

Listing 7-1 1. Using a Nested WHILE Loop

DECLARE @OuterCount INT = 1;
DECLARE @InnerCount INT;

WHI LE @OuterCount < 10 BEGIN
PRINT 'Outer Loop';
SET @InnerCount = 1;
WHILE @InnerCount < 5 BEGIN

PRINT' Inner Loop ' ;
SET @InnerCount += 1;

END ;
SET @OuterCount += 1;

END;

Figure 7-11 sh ows the results. The PRINT sta te men ts sh ow which loop is executing at the time. Make
sure that you reset the value of the inner loop counter in the outer loop right before th e inner loop.
Otherwise, th e in ne r loop will not run afte r th e firs t tim e bec au se th e cou nte r is already too high .
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Messages 1 _

Out er l oop
Inner l oop
Inner loop
Inner l oop
Inner l oop

Out er l oop
Inner l oop
Inner l oop
Inner l oop
Inner l oop

Out er l oop
Inner l oop
Inner l oop
Inner l oop
In ner l oop

Out er l oop

Figure 7-11 . The results ofrunning a nested WHILE loop

Exiting a Loop Early
Most of the time a WHILE loop continues until the controlling condition returns false . You can also cause
code execution to exit early by using the BREAK statement. Usually you will include a nested IF statement
that controls when the BREAK statement will execute. One reason you might want to use BREAK is if you
decide not to include a controlling condition at the top of the loop and include the condition in an IF
block instead. The condition may be a query checking to see whether any rows remain to be updated.
Type in and execute the code in Listing 7-12 to learn how to use BREAK.

Listing 7-12. Using BREAK

DECLARE @Count INT = 1;

WHILE @Count < 50 BEGIN
PRINT @Count;
IF @Count = 10 BEGIN

PRINT 'Exiting the WHILE loop';
BREAK;

END;
SET @Count += 1;

END;

Figure 7-12 shows the results. If the code didn't include the BREAK statement, the loop would print
the numbers from 1 to 49. Instead, the loop exits when it reaches 10.
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WMessages
1 '------------

2
3
4
5
6
7
8
9
10
Exi t ing t he I HILE loop

Figure 7-12. The results ofusing the BREAKcommand

Using CONTINUE
The CONTINUE command causes the loop to continue at the top . In other words, the code following the
CONTINUE statement doesn't execute. Generally, you will find the CONTINUE within an IFblock nested
inside the WHILE loop . Type in and execute Listing 7-13 to learn how to use CONTINUE .

Listing 7-13. Using CONTINUE in a WHILE Loop

DECLARE @Count INT = 1;

WHILE @Count < 10 BEGIN
PRINT @Count;
SET @Count += 1;
IF @Count = 3 BEGIN

PRINT 'CONTINUE';
CONTINUE;

END;
PRINT 'Bottom of loop';

END;

Figure 7-13 shows the results. Each time though the loop, the PRINT statement at the bottom of the
loop executes except for the time when the counter equals 3. Notice that the counter increments before
the I Fblock. If the counter incremented at the bottom of the loop, then the loop would execute
indefinitely.
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. Messaqes1 L.- _

Bottom of loop
2

CONTINUE
3
Bottom of loop
4
Bottom of loop
5
Bottom of loop
6
Bottom of loop
7

Bottom of loop
8
Bottom of loop
9
Bottom of loop

Figure 7-13. The results ofusing CONTINUE in a WHILE loop

N ow that you know how to write code w ith a WHILE loop, p ractice w hat y ou have learned by
com p le t ing Exercise 7-3.

EXERCISE 7-3

Use the AdventureWorks2012 database to complete this exercise. You can find the solutions inthe
Appendix.

1. Write ascript that contains aWHILE loop that prints out the letters Ato Z. Use the
function CHAR tochange anumber toa letter. Start the loop with the value 65.
Here isan example that uses the CHAR function:

DECLARE @Letter CHAR(1);
SET @Lette r = CHAR(6S);
PRINT @Letter ;

2. Write ascript that contains aWHILE loop nested inside another WHILE loop. The
counter for the outer loop should count up from 1 to100. The counter for the inner
loop should count up from 1 to 5. Print the product of the two counters inside the
inner loop.

3. Change the script inquestion 2 so the inner loop exits instead ofprinting when the
counter forthe outer loop isevenly divisible by 5.

4. Write ascript that contains aWHILE loop that counts up from 1 to100. Print "Odd"
or "Even" depending on the value ofthe counter.
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Error Handling
No matter wha t langu age you are prog ramming in, the re is always the possibility of error conditions that
your code must handle. T-SQL has two ways to deal with errors, both of which you will learn about in
this sec tion. Ifyou are writing T-SQ L code within an appli cat ion (for example, with a .NET language),
your pro gram will probably deal with the errors. If, however, you are writing a T-SQL script, you will
handle errors at the T-SQL level. You can do both; you can handle errors within T-SQL and decide wha t
you want sent back to the calling applicat ion.

Often the source of an error in T-SQL is a problem with an update or insert. For example, you might
try to insert a row into a table that violates the primary key constraint by inserting a row with a duplicate
key value . Other errors occur because of nondata reasons, such as divide-b y-zero errors, for example.

Using@@ERROR
The traditional way to trap errors in T-SQL is to check the value of the @@ERROR function, forme rly called a
global variable. The@@ERROR function returns a number grea ter than zero if an error exists. Type in and
execute the code in Listing 7-14 to learn how to use this method of error handling.

Listing 7-14. Using @@ERROR to Han dle Errors

USE AdventureWorks2012;
GO

--1
DECLARE @errorNo INT;
PRINT 1/0;
SET @errorNo = @@ERROR;
IF @err or No > 0 BEGIN

PRINT 'An error has occurred.'
PRINT @errorNo ;
PRINT @@ERROR;

END;

GO

--2
DECLARE @errorNo INT;
DROP TABLE testTable;
SET @errorNo = @@ERROR;
IF @errorNo > 0 BEGIN

PRINT ' An error has occurred.'
PRINT @errorNo;
PRINT @@ERROR;

END;
GO

--3
DECLARE @errorNo INT;
SET IDENTITY_INSERT Person .ContactType ON;
INSERT INTO Person.ContactType(ContactTypeID,Name,ModifiedDate)
VALUES (1, ' Account i ng Manager ', GETDATE( ) ) ;
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SET @errorNo = @@ERROR;
IF @errorNo > 0 BEGIN

PRINT 'An error has occurred.';
PRINT @errorNo;

END;

Figure 7-14 shows the results. Even if you don 't use the error trapping, the error prints on the screen
in red, and the database engine returns an error message to the client. Notice that the code saves the
value of the @@ERRORfunction before doing anything else . That is because, once another statement
runs, the value of @@ERROR changes. Just by accessing it, the value goes back to zero. By saving the
value in a local variable, you can check to see whether the value exceeds zero and deal with the error, in
this case, just printing the value. You could roll back a transaction or halt the execution of the batch.

~ Metsoges I
MsC 813.. ,"""'L.-v.-=1""'1-=6-,..,..St-.-t .-1,...,""'L-=i n-.-..:-------------------

01vide by zere error encountered.
An e rror has occurred.
813'
9
""51 318 1# level 11, State 5, Line 4
Cannot drop tne table 'teUT.bIr', because it does not exist
or you do not have per ission.
An error has occur red .
3791
9
MsC 2627, level 14, State 1 , Line 5
Violation of PRIMARY KEY constraint ·PK_ContactType_Cont actTypeIO'.
Cannot insert duplicate key in object ·Pe,..son.COfltactType'. The duplicate k:ey value is (1).
The statement has been tenninated.
An error has occurred.
2627

Figure 7-14. The resultsofusing @@ERROR to trap errors

Batch 1 attempts to divide by zero. Batch 2 tries to drop a table that doesn't exist. Batch 3 inserts a
row into the Person.ContactType table but violates the primary key so the row can't be inserted.

Using GOTO
T-SQLallows you to use GOTO statements to cause code execution to jump to a label in another part of
the code where processing continues after the label. I recommend that you reserve GOTO for handling
errors and don't turn your T-SQL batches into "spaghett i code" with GOTO. Type in and execute the code
in Listing 7-15 to learn how to use GOTO.

Listing 7-15. Using GOTO

DECLARE @errorNo INT;

PRINT 'Beginning of code.'
PRINT 1/0;
SET @errorNo = @@ERROR;
IF @errorNo > 0 GOTO ERR LABEL;
PRINT 'No error'; -
ERR LABEL:
PRINT 'At ERR_LABEL';
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Figure 7-15 shows the results. Because of the divide-by -zero error, the code skips over one of the
PRINT statements and jumps to the label. T-SQL doesn't have a "return" statement, so at that point, you
could include other GOTO statements and labels to control handling errors.

• Messages ,'- _

Beginning of code .
sg B134, Level 16, State 1, Line 4

Divide by zero error encountered .
At ERR_LABE L

Figure 7-15. The resultsofusing GOTO

Using TRY ... CATCH
I recommend using the TRY."CATCH error handling construct over the older method of checking the value
of@@ERROR. The TRY...CATCH error handling method is similar to the error handling in other programming
languages such as C# and VB .NET. Along with this new method, you use several functions that provide
information about the error. You can also avoid sending an error message to the client if you choose.
Here is the syntax:

BEGIN TRY
<statements that might cause an error>

END TRY
BEGIN CATCH

<statements to access error information and deal with the error>
END CATCH

Table 7-1 lists the new functions you use along with TRY...CATCH. One benefit is that the functions
retain their values while in the CATCH block. You can access the values as many times as needed. Once
outside of the CATCH block, the values of the error functions revert to NULL.

Table 7-1. TheErrorFunctions

Function

ERROR_NUMBER()

ERROR_SEVERITY()

ERROR_MESSAGE()

Purpose

Provides the error number. This was the only information you could get in
previous releases.

Provides the severity of the error. The severity must exceed 10 in order to be
trapped.

Provides the state code ofthe error. This refers to the cause of the error.

Returns the name of a stored procedure or trigger that caused the error.

Returns the line number that caused the error.

Returns the actual text message describing the error.

Listing 7-16 demonstrates how to use TRY...CATCH. Type in and execute the code to learn how to use it.
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Listing 7-16. Using TRY... CATCH

USE AdventureWorks2012;
GO

--1
BEGIN TRY

PRINT 1/0;
END TRY
BEGIN CATCH

PRINT 'Inside the Catch block';
PRINT ERROR NUMBER() ;
PRINT ERROR=MESSAGE();
PRINT ERROR_NUMBER();

END CATCH
PRINT 'Outside the cat ch block' ;
PRINT ERROR_NUMBER()
GO

--2
BEGIN TRY

DROP TABLE testTable;
END TRY
BEGIN CATCH

PRINT ' An error has occurred. '
PRINT ERROR_NUMBER() ;
PRINT ERROR_MESSAGE();

END CATCH;

Figure 7-16 shows the results. One difference between TRY... CATCH and@@ERROR is that you can
print the error numbers and messages multiple times within the CATCH block. The values reset to NULL
once execution leaves the CATCH block. When using TRY... CATCH, the error will not print at all unless
you purposely print it. It is possib le to just ignore the error.

Messages I
Inside t h-e-C-a-t-ch-b-lo-c-k- - - - - - - - - - - - -

8134
Divide by ze ro er ro r encountered.
8134
Out s i de t he catch bloc k

An er ro r has occ ur red.
3701
Cannot drop t he table 'testTable', beca use it does not
~xi s t or you do not have per mission.

Figure 7-16. The results of using TRY.. .CATCH

Viewing Untrappable Errors
TRY...CATCHcan 't trap some erro rs. For example, if the code contains an incorr ect table or column name
or a datab ase server is not available, th e entire batch of statements will fail, and the error will not be
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trapped . On e interest ing way to work around this problem is to en capsulate calls wi thi n stored
procedures an d then call the stored procedure inside the TRY block. You will learn abou t store d
procedures in Chapte r 8. Dat ab ase adm inistrators mi ght use the store d procedure technique for
m anagement jobs, for exam ple, checking the job hi story on each se rve r. If one server is down, the
dat ab ase administrator wou ld want th e code to con tin ue to check the other servers. Typ e in and execute
Listing 7-17 to see some exam ples .

Listing 7-17. Untrappable Errors

USE AdventureWorks2012;
GO

--1
PRINT 'Syntax error . 0;
GO
BEGIN TRY

SELECT FROM Sales.SalesOrderDetail;
END TRY
BEGIN CATCH

PRINT ERROR_NUMBER();
END CATCH;
GO

--2
PRINT 'Invalid column.' ;
GO
BEGIN TRY

SELECT ABC FROM Sales.SalesOrderDetail;
END TRY
BEGIN CATCH

PRINT ERROR_NUMBER();
END CATCH;

Figure 7-17 sh ows the results. I put the PRINT state ments before each TRY... CATCH block in
separate bat ches because th ey would n 't p rint alo ng with th ese inc orrec t state ments. Exam ple 1 is a
syn tax err or; the SELECT list is em pty. Exam ple 2 con ta ins an in valid colum n name.

Messages 1 _

Syntax er r or.
sg 156, l evel 15, State 1, line 2

Incorrect syntax near the ke ord 'FR
In valid colu mn.
Isg 207, level 16, State 1, Line 2
Invalid colu n na e 'ABC'.

Figure 7-17. The resul ts ofrunning untrappable errors

Using RAISERROR
By using TRY...CATCH, you can avoid havin g an err or m essage return to the client application, basically
"tra pp ing" th e erro r. Sometim es you m igh t want to re tu rn a d ifferent erro r o r re tu rn an er ror to the clie n t
when one doesn 't exist. For example, you migh t want to re turn an error m essage to a clie nt when th e
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code tries to updat e a nonexistent row. This would n 't ca us e a datab ase er ror, but you m ight wan t to
ca use an erro r to fire anyway from SQL Serve r to the client application . You can use the RAISERROR
function to rai se an err or back to the client. Her e is the syn tax:

RAISERROR«message>,<severity>,<state»

The RAISERROR fu nc tion has several other optional p aramet ers th at provid e addi tional func tionality,
but for a firs t look, these three p ara meters m ay be all you need. You can cre ate reusable cu stom er ror
m essages by using the sp_addmessage stored procedure or just use a variable or hard-coded string with
RAISERROR. Type in an d execute Listing 7-18 to learn how to use RAISERROR.

Listing 7-18. Using RAISERROR

USE master;
GO

--1 This code section creates a custom error message
IF EXISTS(SELECT * FROM sys.messages where message_id 50002) BEGIN

EXEC sp_dropmessage 50002;
END
GO
PRINT 'Creating a custom error message .'
EXEC sp_addmessage 50002, 16,

N'Customer missing.';
GO

USE AdventureWorks2012;
GO
--2
IF NOT EXISTS(SELECT * FROM Sales.Customer

WHERE CustomerID = -1) BEGIN
RAISERROR(50002,16,1);

END
GO

--3
BEGIN TRY

PRINT 1/0;
END TRY
BEGIN CATCH

IF ERROR NUMBER() = 8134 BEGIN
RAISERROR('A bad math error!' , 16, 1) ;

END ;
END CATCH;

Figure 7-18 shows the res u lts. You can p rovide ei ther a m essage number o r a message string for the
m essage par amet er. Batch 1 se ts up a cus tom error m essage that you can u se lat er when ra ising an error
as in Batch 2. Bat ch 3 returns a di ffer ent err or to the client than the one that ac tually h appened. Since
th e code re turned an ad hoc error message, th e dat abase engine supplied th e default number, 50000.
The se co n d par amet er , severity, ranges from 1 to 25. Wh en under 11, the m essage is a wa rning or
inform at io n. You might wan t to build a dynam ic error based on what happened in your code. If you
would like to do this, m ake sure you save the m essage in a variable . You can 't build the m essage
dyn amicall y inside the RAISERROR function . See the Boo ks Online article "Dat ab ase Eng ine Err or
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Severities" to learn mo re about erro r severities, but you will generally use 16 for errors correctable by the
user. The sta te parameter is an integer between 1 and 255. You can use sta te to define whe re in th e code
the error occurred .

..;,j iiiessages L..- _

Creating a custom er ro r mes sage .
sg S0002, Level 16, State 1, Line 4

Customer issing .
sg S0000, Level 16, State 1, Line 9

A bad math error!

Figure 7-18. The resul ts ofusing RAISERROR

Using TRY...CATCHwith Transactions
You can use TRY...CATCH to make sure th at tran saction s complete successfully so th at the transact ion may
be rolled back if necessary. Include th e transaction in th e TRY block. Type in and execute List ing 7-19 ,
which shows a sim ple exampl e.

Listing 7-19. Using TRY... CATCH with a Transaction

--1
CREATE TABLE #Test (ID INT NOT NULL PRIMARY KEY);
GO

--2
BEGIN TRY

--2.1
BEGIN TRAN

--2 .1.1
INSERT INTO #Test (ID)
VALUES (1),(2) ,(3);
--2.1.2
UPDATE #Test SET ID = 2 WHERE ID = 1;

--2 .2
COMMIT

END TRY

--3
BEGIN CATCH

--3 .1
PRINT ERROR_MESSAGE();
--3 .2
PRINT ' Rol l i ng back transaction';
ROLLBACK;

END CATCH;

Figure 7-19 shows th e error message and th e tran saction rolled back. State ment 2.1.2 attempts to set
th e value ID to 2 in th e row whe re it equals 1. This violates th e primary key; you can 't have two rows with
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the value 2. If the entire transaction had been successful, the COMMIT statement would have
committed the transaction. Instead, the CATCH block fired, giving you the chance to handle the error.

I' Messages 1 _

(3 row(s ) affected )

(0 row(s) affected )
Vi ol at i on of PRIMARY KEY constraint ' PK__~Te s t 32l4EC2768F3BA8F' .
Cannot insert duplicate key i n object 'dbo . ~Test' . The duplicate key val ue is ( 2) .
Rolling back t r ansaction

Figure 7-19. The results ofusing TRY.. .CATCH with a transaction

Using THROW Instead ofRAISERROR
New in SQL Server 2012 is the THROW statement. You'll find using THROW to be much simpler than using
RAISERROR. For example, the error number in the THROW statement doesn't have to exist in sys.messages.
Also, the formatting for the error string can be any string format. Here is the syntax:

THROW [ { error_number I message I state } ] [ ; ]

Keep in mind the statement prior to the THROW command must end in a semicolon. Any error
occurring in the THROW statement will cause the batch execution to end. Listing 7-20 shows a basic THROW
command. The severity will always be 16. Figure 7-20 shows the output.

Listing 7-20. Simple THROW statement

THROW 999999, 'This is a test error.', 1

t..J essages 1 _

sg 9999S9, l ev el 16, State 1, l i ne 1
This is c test error.

Figure 7-20. Results ofTHROW statement

Now let 's see how to use the THROW statement in a transaction. For this example, you 'll attempt to
insert a duplicate row into the Person.PersonPhone table. Run the script in Listing 7-21. Figure 7-21
shows the output. Feel free to change the error message to anything you want.

Listing 7-21 . Using THROW in a transaction

BEGIN TRY
INSERT INTO Person.PersonPhone (BusinessEntityID, PhoneNumber, PhoneNumberTypeID)
VALUES (1, '697-555-0142', 1);
END TRY
BEGIN CATCH
THROW 999999, 'I will not allow you to insert a duplicate value.', 1;
END CATCH
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Ui} Messages 1 _

(9 r ow(s) affected )
Isg 9999S9, Level 16, State I, Line 7

I ill nct allow you to insert a duplicate value.

Figure 7-21. Results ofTHROW statement in a transaction

Asyou can see, the THROW stateme nt is easy to use and extremely customizable. The command is
especially useful for those unusual appli cat ion errors that SQLServer may not be aware of or may not
explain with a clearly expressive message indicating the content of the error. As always, though, try to
keep your error messages easily understandable and detailed enough to help diagno se the error.

Trapping and handling erro rs is a very impo rtant part of T-SQL. Ifanything can go wrong, it often
will. Practi ce what you have learn ed by completing Exercise 7-4.

EXERCISE 7-4

Use AdventureWorks2012 tocomplete this exercise. You can find the solutions inthe Appendix.

1. Write astatement that attempts to insert aduplicate row into the
HumanResources.Department table. Use the @@ERROR function to display the error.

2. Change the code you wrote inquestion 1 to use TRY•..CATCH. Display the error
number, message, and severity.

3. Change the code you wrote inquestion 2to raise acustom error message instead
of the actual error message.

Temporary Tables and Table Variables
Temporary, or temp, tables and table variables allow you to save data in short-lived table structures that
you can use in your scripts. For example, you may need to save the results of complicated calculat ions
for furth er pro cessing. The use of temp tables and table variables is controversial. You can find many
articles and newsgroup discussions statin g that no one should ever use these struc tures. In my opinion,
temp tables and table variables are just more tools that you can use ifyou need them. I have found that
they often allow me to break extremely complica ted queries into smaller, mo re manageable pieces­
some times with better performance.

Creating Local Temp Tables
Temp tables look and behave just like regular tables except that they live in the tempdb database instead
of a user database like AdventureWorks2012. The tempdb database is one of the system databases
required for SQLServer. SQLServer also uses tempdb as a work area for sorting and other behind-th e­
scene tasks.

To create a local temp table, preface the table name with the number sign (#) . Only the connec tion
in which the table was created can see a local temp table. Chapter 9 covers crea ting tables with the
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CREATE TABLE command, but you have learned how to use the SELECT INTO syntax to create a table. You
have also typed in numerous CREATE TABLE statements to create work tables for examples and exercises
in Chapter 6. Here is the minimum syntax to create a local temp table using the CREATE TABLE command:

CREATE TABLE #tableName «COIl> <data type>,<co12> <data type»

Temp tables can have anything that a regular table has, such as primary keys, defaults, and indexes.
Type in and execute the code from Listing 7-22 to learn how to create a temp table.

Listing 7-22. Creating and Populating Local Temp Table

USE AdventureWorks2012;
GO
CREATE TABLE #myCustomers(CustomerID INT, FirstName VARCHAR(2S),

LastName VARCHAR(2S));
GO

INSERT INTO #myCustomers(CustomerID,FirstName,LastName)
SELECT C.CustomerID, FirstName, LastName
FROM Person. Person AS P INNER JOIN Sales. Customer AS C
ON P.BusinessEntityID = C.PersonID;

SELECT CustomerID, FirstName, LastName
FROM #myCustomers;

DROP TABLE #myCustomers;

Figure 7-22 shows the results. The code first uses the CREATE TABLE command to create the table,
#myCustomers. This example is very simple. The command could define a primary key, CustomerID,
and define that the FirstName and LastName columns should not contain NULLvalues . The script could
include an ALTER TABLE command to add an index. The script populates the table with a regular insert
statement, inserting the rows from a join on two tables. The SELECT statement looks like any other
SELECT statement. Finally, the DROP TABLE command destroys the table . Even though the table will
drop automatically when the connection closes, it's a good practice to drop temp tables when you are
done using them.
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Resu s I
CustomerlD RrstName LastName

1 [.~.~~.'.'.'.'::::::.'.'.~:.] Catherine .Abel

2 29486 Klm flbercrombie

3 29487 Humberto Acevedo

4 29484 Gustavo Achong

5 29488 Pilar Ackennan

6 28866 flaron Adams

7 13323 Adam Adams

8 21139 fl ex Adams

9 29170 fl exandra Adams

10 19419 flJlison Adams

11 11971 .Amanda Adams

12 26746 .Amber Adams

13 16845 .Andrea Adams

Figure 7-22. The partial results of creating an d populating a tem p table

Creating Global Temp Tables
You can crea te two kind s of temp tables: local and global. When crea ting a local temp table, you can
access the table only within the connec tion where it was created. When the connection closes, the
database engine destroys the temp table. When creating a global temp table, any connec tion can see the
table. When the last connec tion to the temp table closes, the database engine destro ys the temp table.
Global temp tables begin with two nu mber signs. Type in and execute the cod e from Listing 7-23 to learn
how to create a global temp table. Don't close the query window when you're done.

Listing 7-23. Creating and Populating a Global Tem p Table

USE AdventureWorks2012j
GO
CREATE TABLE ##myCustomers(CustomerID INT, FirstName VARCHAR(2S) ,

LastName VARCHAR(2S))j
GO

INSERT INTO ##myCustomers(CustomerID,FirstName,LastName)
SELECT C.CustomerID, FirstName,LastName
FROMPerson. Person AS P INNER JOIN Sales .Customer AS C
ON P.BusinessEntityID = C.PersonID j

SELECT CustomerID, FirstName, LastName
FROM##myCustomersj

--Run the drop statement when you are done
--DROP TABLE ##myCustomers j
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By using two number signs (##) in the name, you create a global temp table. Open another query
window, and type the same SELECT statement to see that you can access the table from another
connection. The results will look the same as Figure 7-22. Be sure to drop temp tables, especially global
temp tables, when you no longer need them.

You won 't find many reasons to use global temp tables. For example, suppose that an application
creates a global temp table. If another user runs the same code to create the global temp table with the
same name while the first temp table exists, an error will occur. I have actually seen this error happen in
a commercially available application!

Creating Table Variables
Table variables became available in SQL Server 2000. At that time, many T-SQL developers decided
they should always use table variables instead of temp tables because of a myth about them. Many
developers believe that table variables exist in memory instead oftempdb, but that is not the case. Table
variables do live in tempdb. Here is the syntax for creating a table variable:

DECLARE @tableName TABLE «coIl> <data type>,<co12> <data type»

Because a table variable is a variable, it follows the same scoping rules as other variables. Table
variables go out of scope at the end of the batch, not when the connection closes, and you can't perform
an ALTER TABLE command to give the table variable nonclustered indexes or make any changes to the
definition of a table variable once it is declared. Table variables are fine for small tables that you won't
need after running the batch. Temp tables are the better choice for tables with large numbers of rows
that could benefit from nonclustered indexes or when you need to use the table after the batch is done.
Type in and execute Listing 7-24 to learn how to use a table variable.

Listing 7-24. Creating and Populating Table Variable

USE AdventureWorks2012;

DECLARE @myCustomers TABLE (CustomerID INT, FirstName VARCHAR(2S),
LastName VARCHAR(2S))

INSERT INTO @myCustomers(CustomerID,FirstName,LastName)
SELECT C.CustomerID, FirstName,LastName
FROM Person. Person AS P INNER JOIN Sales. Customer AS C
ON P.BusinessEntityID = C.PersonID;

SELECT CustomerID, FirstName, LastName
FROM @myCustomers;

The results are identical to those in Figure 7-22. Again, if you need to save a very large number of
rows temporarily, you may find that a temporary table is a better choice. Another reason you might want
to use a temp table is that you can create it with a SE LECT INTO statement, which is not possible with a
table variable. The advantage of a SE LECT INTO is that you don't need to know the column names and
data types up front. See the "Creating and Populating a Table in One Statement" section in Chapter 6 for
more information.

Using a Temp Table or Table Variable
You may be wondering why you might need to use a temporary table. For example, in many human
resource system databases, most of the tables have history and future rows. The tables have effective
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dates and effective seque nces. The effect ive sequences determ ine the valid row for a given dat e for a
given employee. Instead of figuring out the effective dat e and effective sequence for each employee over
and over in my scripts, I create a temporary table to hold that information.

Another way I use temp table s is to store a list of value s for filter ing que ries. For exampl e, suppose a
user can select one value or more values to filter a report. The reporting application sends a comma­
delimited list of values to a stored procedure. You can add each value from the comma-delimited list to a
temp table or table variable and then use that table to filter the report results. You will learn about stored
pro cedures in Cha pter 9. Listing 7-25 shows how to use a table variable populated from a list of values .
Type in and execute the code.

Listing 7-25. Using a Temp Table to Solve a Query Problem

USE AdventureWorks2012;
GO

--1
DECLARE @IDTable TABLE (ID INT);
DECLARE @IDList VARCHAR(2000);
DECLARE @ID INT;
DECLARE @Loc INT;

--2
SET @IDList = '16496,12506,11390,10798,2191,11235,10879,15040,3086';

--3
SET @Loc = CHARINDEX( ',' ,@IDList);
--4
WHILE @Loc > 0 BEGIN

--4.1
SET @ID = LEFT(@IDList ,@Loc-1) ;
--4.2
SET @IDList = SUBSTRING(@IDList,@Loc +1,2000);
--4 .3
INSERT INTO @IDTable(ID)
VALUES (@ID);
--4.4
SET @Loc = CHARINDEX(' ,' ,@IDLi st );

END;
--5
IF LEN(@IDList) > 0 BEGIN

SET @ID = @IDList;
INSERT INTO @IDTable(ID)
VALUES (@ID);

END;

--6
SELECT BusinessEntityID, FirstName, LastName
FROMPerson.Person AS p
INNER JOIN @IDTable ON p.BusinessEntityID = ID;

Figure 7-23 shows the results. Code section 1 declares four variables: @IDTable, which is a table
variable; @IDList to hold the comma-delimited list sent from the application; @ID to hold one individual
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value from the list; and @Loc to hold the location ofthe comma. Statement 2 sets the value of @IDList,
which represents the list of values sent by the application.

Resuks I
J----.===~========

BusinessEntitylD RrstName

[.'.~.:~.~.~.~.:'.'::::::::.~.::'.':::::::::J Gabriel
12506 Po ejandro

2191 Po~redo

10798 Katherine Sm h

11235 lsabena

11390 Christy

3086 Stephanie

10879 Jenna

15040 Eduardo

Figure 7-23. The results ofusing a table variable

The code finds each ID value from the comma-delimited string and stores the value in the
table variable. Statement 3 finds the location of the first comma in the list and stores the location in
@Loc. Code section 4 is a WHILE loop. Inside the WHILE loop, statement 4.1 stores the first value in the@ID
variable, and statement 4.2 removes that value along with the comma from @IDList based on the value
of@Loc. Statement 4.3 inserts the value stored in @ID into the table variable, @IDTable. Finally, at the
bottom of the loop, statement 4.4 locates the next comma, resetting the value of@Loc. The loop
continues as long as the code continues to find a comma in @IDList. Once the loop completes, the last
value is most likely still in@IDList. Code section 5 checks the length of@IDList and inserts the last value
into the table variable. Query 6 joins the @IDTable to the Person.Person table, effectively using @IDTable
as a filter.

Using a Temp Table or Table Variable as an Array
An array is a collection of values used in many programming languages. T-SQL doesn't have an array
structure, but programmers sometimes use temp tables or table variables as arrays. I often use this
method in my administrative scripts to perform a backup or check the space used on each database on a
server, for example. Listing 7-26 demonstrates how you might use a table variable as an array. Type in
and execute the code to learn how to use this technique.

Listing 7-26. Using an "Array"

--1
SET NOCOUNT ON;
GO

--2
DECLARE @IDTable TABLE(ArrayIndex INT NOT NULL IDENTITY,

ID INT);
DECLARE @RowCount INT;
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DECLARE @ID INT;
DECLARE @Count INT = 1;

--3
INSERT INTO @IDTable(ID)
VALUES(SOO),(333),(200),(999);

--4
SELECT @RowCount = COUNT(*)
FROM @IDTable;

--S
WHILE @Count <= @RowCount BEGIN

--5.1
SELECT @ID = ID
FROM @IDTable
WHERE ArrayIndex = @Count;
--5.2
PRINT CAST(@COUNT AS VARCHAR) +
--5.3
SET @Count += 1;

END;

, + CAST(@ID AS VARCHAR);

Figure 7-24 shows the results. Statement 1 sets the NOCOUNT property to ON. This will remove the
messages showing how many each statement affects . In this case, the messages just get in the way. Code
section 2 declares the variables used in this example. The table variable, @IDTable, contains an identity
column called ArrayIndex. See Chapter 6 for more information about identity columns. Statement 3
populates @IDTable with several values . Since the database engine populates the INDEXcolumn
automatically, you now have a two-dimensional "array." Statement 4 populates the @RowCountvariable
with the number of rows in @IDTable. Code section 5 is a WHILEloop that runs once for each row in
@IDTable. During each iteration of the loop, statement 5.1 sets the value of @IDwith the ID column
from @IDTable corresponding to the ArrayIndex column matching @Count. Statement 5.2 prints the
@Count and @ID values, but you could do whatever you need to do instead of just printing the values .
Statement 5.3 increments the @Count.

f:cl tv essages 1 _

1: see
2: 333
3: 2ee
4: 999

Figure 7-24. The results ofusing an "array"

Temp tables and table variables are just more tools in your T-SQLtool belt, but use them wisely.

Using a Cursor
Another way to loop through a result set is by using a cursor. This is a very controversial topic, especially
for beginners. Developers frequently overuse cursors and end up writing poorly performing code. I'll
cover cursors so that you are familiar with them and so that you understand the example in the
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"Thinking About Performance" section. Type in and execute the code from Listing 7-27, which shows a
simple example.

Listing 7-27. Using a Cursor

USE AdventureWorks2012;
GO

--1
DECLARE @ProductID INT;
DECLARE @Name NVARCHAR(25);

--2
DECLARE products CURSOR FAST_FORWARD FOR

SELECT ProductID, Name
FROM Production.Product;

--3
OPEN products;

--4
FETCH NEXT FROM products INTO @ProductID, @Name;

--5
WHILE @@FETCH_STATUS 0 BEGIN

--5.1
PRINT @ProductID;
PRINT @Name;
--5.2
FETCH NEXT FROM products INTO @ProductID, @Name;

END

--6
CLOSE products;
DEALLOCATE products;

Figure 7-25 shows the results. Code section 1 declares variables that will be used later in the code.
Statement 2 declares the cursor. The cursor must have a name and a SELECT statement. I included the
option FAST_FORWARD to improve the performance. See Books Online if you are interested in learning
more about cursor options. Statement 3 opens the cursor so that it is ready for access . Statement 4 reads
the first row from the cursor into the variables. There must be one variable for each column selected in
the cursor definition. The WHILEloop checks the status of the last read of the cursor. As long as the
value is zero, the loop continues. Section 5.1 prints out the variables. but you could do anything you
need to do at this point. Statement 5.2 is very important; it reads the next row. Without statement 5.2,
the WHILEloop would continue indefinitely. Finally, section 6 cleans up the cursor. Cursors are another
tool at your disposal. but use them only when another better-performing option is not available.
Developers often use cursors to update one row at a time, which is usually a very bad idea .
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t:cl ~ essages I
1 '-----------

Adjustable Race
879
All-Purpose Bike Stand
712
AIK Logo Cap
3
BB Ball Bearing
2
Bearing Ball
877
Bike Wash - Dissol ver
3161
Blade
843
Cable Lock
952

Figure 7-25. The partial results ofusing a cursor

Complete Exercise 7-5 to practice what you have learned about temporary tables and table
variables.

EXERCISE 7-5

Use the AdventureWorks2012 database to complete this exercise. You can find the solutions inthe
Appendix.

1. Create a temp table called #Customerlnfo that contains CustomerlD, FirstName,
and LastName columns. Include CountOfSales and SumOfTotalDue columns.
Populate the table with a query using the Sales.Customer, Person.Person, and
Sales.SalesOrderHeader tables.

2. Change the code written inquestion 1 to use atable variable instead ofa temp
table.

3. Create atable variable with two integer columns, one ofthem an IDENTITY

column. Use aWHILE loop topopulate the table with 1,000 random integers using
the following formula. Use asecond WHILE loop toprint the values from the table
variable one by one.

CAST(RAND() * 10000 AS INT) + 1

Thinking About Performance
This chapter focuses on the logic features availab le T-SQLinstead of retrieving or updating data.
Depending on the task at hand, you may or may not need to use this funct ional ity. Often you may need
to write or support very complex T-SQLscripts that run once each night. The performance of these
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scripts is not as critical as that ofthe performanc e of T-SQLcode in an appl ication or a report, but over
time you may have to rewrit e several to perform bett er. For example, a programmer from a software
vendor writes a custom program that creates a denormalized table of information from a finan cial
system. That table is needed by many oth er systems in the enterp rise. The pro gram as originally written
takes more than an hour to run. Luckily, you have access to the original source code and find that the
program populated th is tabl e one row and one column at a time. Another way of writing the code and
having it run much faster is by using a set-based approach and inserting or updating all the rows at once
from each source table instead of one row at a tim e.

The following example compares two ways to solve a typ ical problem. The first uses a cursor
solution and the second a set-based approac h. The requirements are to calculate sales totals by order
year, order month, and Terri toryID. The repo rt mu st also show the total sales for the previous month in
the same row. Every territory, year, and month possible must appear on the report even if there are no
sales for a particular combina tion . To save typing, you might want to download the code from this
book 's page at www .apress .com. Listing 7-28 uses a curs or and two nested WHILE loop s to create a temp
table with the tot als. On my laptop, the code took 19 seconds to run .

Listing 7-28. Using a Cursor to Populate a Report

USE AdventureWorks2012;
GO

DECLARE @Year INT;
DECLARE @Month INT;
DECLARE @TerritoryID INT;
DECLARE @Total MONEY;
DECLARE @PreviousTotal MONEY;
DECLARE @FirstYear INT;
DECLARE @LastYear INT;
DECLARE @BeginDate DATETIME;
DECLARE @EndDate DATETIME;

CREATE TABLE #Totals(OrderYear INT, OrderMonth INT,
TerritoryID INT, TotalSales MONEY ,
PreviousSales MONEY);

SELECT @FirstYear = MIN(YEAR(OrderDate)) ,
@LastYear = MAX(YEAR(Or derDat e) )

FROM Sales .SalesOrderHeader;

DECLARE Territory CURSOR FAST_FORWARD FOR
SELECT TerritoryID
FROMSales .SalesTerritory;

OPEN Territory;
FETCH NEXT FROM Territory INTO @TerritoryID;
WHILE @@FETCH STATUS = 0 BEGIN

SET @Year-= @FirstYear;

WHILE @Year <= @LastYear BEGIN
SET @Month = 1;
WHILE @Month <= 12 BEGIN
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SET @BeginDate = CAST(@Year AS VARCHAR) + '/' +
CAST(@Month AS VARCHAR) + '/1';

SET @EndDate = DATEADD(M,l,@BeginDate);
SET @Total = 0;
SELECT @Total = SUM(LineTotal)
FROM Sales .SalesOrderDetail AS SOD
INNER JOIN Sales.SalesOrderHeader AS SOH
ON SOD.SalesOrderID = SOH.SalesOrderID
WHERE TerritoryID = @TerritoryID

AND OrderDate >= @BeginDate AND OrderDate < @EndDate;

SET @PreviousTotal = 0;
SET @EndDate = @BeginDate;
SET @BeginDate = DATEADD(M,-l,@BeginDate);

SELECT @PreviousTotal = SUM(LineTotal)
FROM Sales.SalesOrderDetail AS SOD
INNER JOIN Sales.SalesOrderHeader AS SOH
ON SOD.SalesOrderID = SOH.SalesOrderID
WHERE TerritoryID = @TerritoryID

AND OrderDate >= @BeginDate AND OrderDate < @EndDate;

INSERT INTO #Totals(TerritoryID, OrderYear,
OrderMonth,TotalSales, PreviousSales)
SELECT @TerritoryID, @Year, @Month,
ISNULL(@Total,o), ISNULL(@PreviousTotal,o);

SET @Month +=1;
END; -- Month loop
SET @Year += 1;

END; -- Year Loop
FETCH NEXT FROM Territory INTO @TerritoryID;

END; -- Territory cursor
CLOSE Territory;
DEALLOCATE Territory;

SELECT OrderYear, OrderMonth, TerritoryID,
TotalSales, PreviousSales

FROM #Totals
ORDER BY OrderYear, OrderMonth, TerritoryID;

SELECT OrderYear, OrderMonth, TerritoryID,
TotalSales, PreviousSales

FROM #Totals
WHERE TerritoryID = 1 AND TotalSales <> 0 AND PreviousSales <> 0
ORDER BY OrderYear, OrderMonth;

DROP TABLE #Totals;

The code in Listing 7-28uses a cursor-based approach to populate a temp table for the report. The
code creates a cursor that loops through the TerritoryID values. Inside the cursor loop, a WHILE loop of
months is nested inside a WHILE loop of possibleyears. The code performs the calculations and inserts a
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row within the innermost loop. Finally, after the loops complete, two SELECT statements display the
results. This code actually performs better than other code I have seen. It is not unusual to see code that
not only loops through the territories but also loops through all the sales. Now try the example in Listing
7-29 , which produces the same results much faster (about 1 second on mylaptop).

Listing 7-29. Populating a Report with a Set-Based Approach

USE AdventureWorks2012;
GO

--1
CREATE TABLE #Totals(TerritoryID INT, OrderYear INT, OrderMonth INT,

TotalSales MONEY, PreviousSales MONEY
) ;

--2
CREATE TABLE #SalesMonths(MonthNo INT);

--3
INSERT INTO #SalesMonths(MonthNo)
VALUES (1) ,(2),(3),(4),(5) ,(6),(7),(8),(9) ,(10),(11) ,(12);

--4
WITH SalesYears AS (

SELECT YEAR(OrderDate) AS OrderYear
FROM Sales.SalesOrderHeader
GROUP BY YEAR(OrderDate)
)

INSERT INTO #Totals(OrderYear, OrderMonth, TerritoryID,
TotalSales, PreviousSales)

SELECT OrderYear, Mont hNo,Terr i t oryID, 0 AS TotalSales ,o AS PreviousSales
FROMSalesYears, Sales .SalesTerritory, #SalesMonths
ORDER BY OrderYear, MonthNo, TerritoryID;

--5
WITH Totals AS (

SELECT SUM(LineTotal) AS TotalSales,
YEAR(OrderDate) AS OrderYear,
MONTH(OrderDate) AS OrderMonth, TerritoryID

FROMSales .SalesOrderDetail AS SOD
INNER JOIN Sales.SalesOrderHeader AS SOH

ON SOD .SalesOrderID = SOH.SalesOrderID
GROUP BY YEAR(OrderDate), MONTH(OrderDate), TerritoryID

)
UPDATE #Totals SET TotalSales = Totals .TotalSales
FROM#Totals INNER JOIN Totals ON #Totals .OrderYear = Totals.OrderYear

AND #Totals .OrderMonth = Totals .OrderMonth
AND #Totals.TerritoryID = Totals .TerritoryID;

--6
WITH Totals AS (

SELECT SUM(LineTotal) AS TotalSales,
YEAR(DATEADD(M,l,OrderDate)) AS OrderYear,
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MONTH(DATEADD(M,l,OrderDate)) AS OrderMonth, TerritoryID
FROM Sales.SalesOrderDetail AS SOD
INNER JOIN Sales.SalesOrderHeader AS SOH

ON SOD.SalesOrderID = SOH.SalesOrderID
GROUP BY YEAR(DATEADD(M,l,OrderDate)),

MONTH(DATEADD(M,l,OrderDate)), TerritoryID
)
UPDATE #Totals SET PreviousSales = Totals.TotalSales
FROM #Totals INNER JOIN Totals ON #Totals.OrderYear = Totals.OrderYear

AND #Totals.OrderMonth = Totals.OrderMonth
AND #Totals.TerritoryID = Totals .TerritoryID;

--7
SELECT OrderYear, OrderMonth, TerritoryID,

TotalSales, PreviousSales
FROM #Totals
ORDER BY OrderYear, OrderMonth, TerritoryID;

--8
SELECT OrderYear, OrderMonth, TerritoryID,

TotalSales, PreviousSales
FROM #Totals
WHERE TerritoryID = 1 AND TotalSales <> 0 AND PreviousSales <> 0
ORDER BY OrderYear, OrderMonth;
DROP TABLE #Totals;
DROP TABLE #SalesMonths;

Figure 7-26 shows the results of Listing 7-29. Statement 1 creates a temp table to hold the results.
Statement 2 creates a temp table, #SalesMon ths. Statement 3 populates the #SalesMon th s table with the
numbers 1 through 12. Statement 4 contains a CTE, SalesYears, listing all the unique years in the
Sales.SalesOrderHeader table. The SELECT statement in statement 4 joins the SalesYears, #SalesMo nths,
and Sales.SalesTerritory tables in a Cartesian product that inserts every possible combination into a
temp table, #Totals. It fills in zeros for the TotalSaies and PreviousSaies columns. Statement 5 updates
the TotalSales column of the #Totals table with the sum of the LineTotal column. Statement 6 updates
the PreviousSales column of the #Totals table. Statement 7 displays all the rows in the #Totals table.
Statement 8 displays a subset of the rows that actually have some sales.
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355332.483

943283.055

Figure 7-26. The partial results afthe set-based approach

The point of this example is to show that most of the time a set -based approach can be found and is
more efficient. It may take more practice and experience before you come up with this solution, but the
more you work with T-SQL, the better you will get.

Summary
If you know one programming language, you will probably find the second and third language even
easier to learn because the logic is the same. You will generally have ways to execute or avoid executing
lines of code based on certain criteria. You will have ways to repeatedly execute lines code of code by
looping. Whether or not you decide to implement this logic in T-SQLscripts will depend on the design of
your application, the standards in your shop, or your personal preferences.

This chapter covered using variables, conditional logic, looping, and temporary table structures. In
Chapter 9, you will use what you have learned in this chapter to create stored procedures, user-defined
functions, and more.
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CHAPTER 8

Working with XML

Beginning with SQL Server 2005, Microsoft added the XMLdata type, the XQuery language, and several
new functions for working with XMLdata. XMLstands for Extensible Markup Language, and it looks a
lot like HTML except that it generally contains data. Companies often use XMLto exchange data
between incompatible systems or with their vendors and customers. SQL Server also extensively uses
XMLdata to store query plans.

Fully covering XMLsupport in SQLServer would take another complete book, so I'll just briefly
discuss it here. In the past, to work with XML,databases stored the XMLdata in TEXTcolumns. The
database was just a storage place for the XMLdata. There was nothing to validate the XMLdata or to
query just part of the XMLdata. To learn about SQL Server support for XMLin depth, check out the book
Pro SQL Server2008 XML by Michael Coles (Apress, 2008).

Converting XML into Data Using OPENXML
There are primarily two ways of handling XML. Either you need to convert an XML document into a
rowset (table) or you have a rowset and want to convert it into a XMLdocument. Converting an XML
document into a rowset is called shredding and this is the purpose of the OPENXML command. OPENXML
must also be used in conjunction with two other commands: spJml_preparedocument and
sp_xml_removedocument. The first command loads the XMLdocument into memory; this process is
expensive and takes one-eighth of SQLServer's total memory. The command spJml_removedocument
removes the XMLfrom SQLServer memory and should always be executed at the very end of the
transaction. Listing 8-1 shows how this done and Figure 8-1 shows the results from the query.

Listing8-1. OPENXML Query

DECLARE @hdoc int
DECLARE @doc varchar(1000) = N'
<Products>
<Product ProductID="32565451" ProductName="Bicycle Pump ">

<Order ProductID="32565451" 5alesID="5" OrderDate="2011-07-04TOO:OO:OO">
<OrderDetail OrderID="10248" CustomerID="22" Quantity= "12"1>
<OrderDetail OrderID="10248" CustomerID="ll" Quantity="10"1>

<IOrder>
</Product>
<Product ProductID="57841259" ProductName="Bicycle Seat ">

<Order ProductID="57841259" SalesID="3" OrderDate="2011-08-16TOO:OO:OO">
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<OrderDetail OrderID="54127" CustomerID="72" Quantity="3"/>
</ Or der>

</ Product>
</ Pro duct s>, j

EXEC sp_xml_preparedocument @hdoc OUTPUT, @doc

SELECT *
FROMOPENXML(@hdoc , N'/Products/Product ')j

EXEC sp_xml_removedocument @hdoc j

IT;] Resu s

id parenlid nodelype Iocalname prefIX namespaceori datalype prey text

1 ["2'--] 0 1 Produd NULL NULL NULL NULL NULL

2 3 2 2 ProdudiO NULL ULL NULL NULL NULL

3 28 3 3 ~exl NULL NULL NULL NULL 32565451
4 4 2 2 ProdudName NULL NULL NULL NULL NULL

5 29 4 3 ~exl NULL NULL NULL NULL llIcyc1ePump

16 5 2 1 Order NULL NULL NULL NULL NULL

1
7 6 5 2 ProdudlO NULL NULL NULL NULL NULL

I: 30 6 3 ~ext NULL NULL NULL NULL 32565451

7 5 2 SaleslO NULL NULL NULL NULL NULL

10 31 7 3 ~ext NULL NULL NULL NULL 5
11 8 5 2 OrderDate NULL NULL NULL NULL NULL

12 32 8 3 ~ext NULL NULL NULL NULL 2011-D7-D4TOO:OO:OO

Figure 8-1. Partia l results of the OPENXML query

• Note OPENXML , spJml_prepa redocu ment, and spJ ml_removedocument are still available inSal 2012 but are
legacy commands. Newer methods such as nodest ) , valuer) , and queryt ) take advantage ofthe XM Ldata type
and are recommended over OPENXML and FORXML. These newer methods are discussed later inthe chapter.

Notice th at SQL Server pre defines the columns in the rowset. These column names are based on the
XML edge tab le for mat. This format is the default structure for XMLrepresented in table format. Luckily
you can modify the column output in order to cus tomize your rowset definitions. You accomplish this
by specifyi ng the optional WITHclause in your select statement. Listing 8-2 runs th e same OPENXML query
but includes the WITHclause and Figure 8-2 shows the results of th e OPENXML query.

Listing 8-2. OPENXML Query Using the WITH Clause

DECLARE @hdoc i nt
DECLARE @doc varcha r(lOOO) = N'
<Pr oduct s>
<Product ProductID="32565451" ProductName="Bicycle Pump" >

<Order ProductID="32565451" SalesID="5" OrderDate="2011-07-04TOO:OO:OO">
<Or derDet ail OrderID="10248" CustomerID="22" Quantity="12"/>
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<OrderDetail OrderID="10248" CustomerID="ll" Quantity="10"1>
<IOrder>

</ Product>
<Product ProductID= "57841259" ProductName="Bicycle Seat">

<Order ProductID="57841259" SalesID="3" OrderDate="2011-08-16TOO:OO:OO" >
<OrderDet ai l OrderID="54127" CustomerID="72" Quantity="3"1>

<IOrder>
</ Product>
</ Product s>, j

EXEC sp_xml_preparedocument @hdoc OUTPUT, @doc

SELECT *
FROMOPENXML(@hdoc , N'/Products/Product/Order/OrderDetail')
WITH (CustomerID int '@Cust omer ID' ,

ProductID int ' .. I@ProductID ',
ProductName varchar( 30) ' •• I ••I@ProductName' ,
OrderID int '@Order ID' ,
Orderdate varchar(30) ' .• I@OrderDate')j

EXEC sp_xml_removedocument @hdocj

CustomerlD Product lD ProductName OrderiD Orderdate

1 r-22-'-'-'-'---"'! 32565451 Bicyde Pump 10248 2011-07 roemoo
~......_-_.._.__._;

2 11 32565451 Bicyde Pump 10248 2011-o7-04Too:00:00

3 72 57841259 Bicyde Seat 54127 2011·08·16Too:00:00

Figure 8-2. Results ofthe OPENXML query using the WITH clause

In Listing8-2 you defined the rowpattern as IProducts/Product/OrderIOrderDetail. You also
included the optional ColPattern for each row in the WITHclause. Byincluding the ColPattern you are
telling SQLServer to process the XPath using attribute-centric mapping, which is the default method.
Another method of mapping XML documents is using element-centric mapping. You'll look at both
methods next. Listing 8-3 shows how to access data using attribute-centric mapping; notice the ''1''
parameter in the OPENXML statement. Figure8-3 shows the results.

Listing 8-3. Attribute-Centric Mapping

DECLARE @hdoc i nt
DECLARE @doc varchar(1000) = N'
<Orders>

<Order OrderID="123458">
<Product ID> 32565451< / Product ID>
<Product Name>Bi cycl e Pump</ProductName>
<SalesID> 5< /Sal esID>

<OrderDet ai l>
<Cust omer ID> 22< / Cust omerID>
<Quant i t y>12< IQuant i t y>

<IOrderDet ail>
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</Order>
</Orders>, ;

EXEC sp_xml_preparedocument @hdoc OUTPUT, @doc

SELECT *
FROM OPENXML(@hdoc, N'/Orders/Order', 1)

WITH (ProductID int,
ProductName varchar(30),

SalesID varchar(10),
OrderID int,
CustomerID int);

EXEC sp_xml_removedocument @hdoc;

Resu s

I!~.~.~!g ,Product arne SaleslD

1
1 L..~.~.L..L. ..J NULL ULL

Figure 8-3. Attribute-centric mapping

OrderiD

123458

CustornerlD

ULL

You'vedefined your rowpattern as /Orders/Order and, since you're using attribute-centric mapping,
your table includes only the OrderID,which is an in-line attribute of the Order element. Notice the
OPENXML query also doesn't return the CustomerID,which is an attribute of the OrderDetails element.

Nowlet's look at the same script but change the OPENXML to element-centric mapping. I've
highlighted the change in Listing 8-4. Figure8-4 shows the output when using element-centric mapping.

Listing 8-4. Element-Centric Mapping

DECLARE @hdoc int
DECLARE @doc varchar(1000) = N'
<Orders>

<Order OrderID="123458">
<ProductID>32565451</ProductID>
<ProductName>Bicycle Pump</ProductName>
<SalesID>5</SalesID>

<OrderDetail>
<CustomerID>22</CustomerID>
<Quantity>12</Quantity>
</OrderDetail>

</Order>
</Orders>, ;

EXEC sp_xml_preparedocument @hdoc OUTPUT, @doc

SELECT *
FROM OPENXML(@hdoc, N'/Orders/Order', 2)
WITH (ProductID int,

ProductName varchar(30),
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SalesID varChar(10) ,
OrderID int,
CustomerID int);

EXEC sp_xml_removedocument @hdoc;

_ -!~I- _

r

,!.~~,~~~.~.-., ProductName SaleslD OrderlD

1 L.~~~~..?~J Bicycle Pump 5 NULL

Figure 8-4. Element-centric mapping

CustomerlD

NULL

You're getting closer to parsing all of the XML into the rowset. OPENXML in Listing 8-4 returns all the
attributes of the elements under the Order element. It did not return the OrderID attribute ofthe Order
element or any attributes in the OrderDetails element.

How do you return all the attributes in the XML document?Youfirst have to define ColPatterns for
each column in the rowset. Doing so willchange the parameter to element-centric mapping. Listing 8-5
shows how this works and Figure 8-5 shows the results.

Listing8-S. Use ofColPattern in the WITH Clause

DECLARE @hdoc int
DECLARE @doc varchar(1000) = N'
<Orders>

<Order OrderID="123458">
<ProductID>32565451</ProductID>
<ProductName>Bicycle Pump</ProductName>
<5alesID>5</5alesID>

<OrderDetail>
<CustomerID>22</CustomerID>
<Quant i ty >12</Quant i ty >
<IOrderDetail>

<IOrder>
<IOrder s>,;

EXEC sp_xml_preparedocument @hdoc OUTPUT, @doc

SELECT *
FROMOPENXML(@hdoc , N'IOrders/Order/OrderDetail')
WITH (ProductID int ' . . /ProductID',

ProductName varchar(30) ' •• /ProductName ' ,
SalesID varchar(10) ' ••/SalesID' ,
OrderID int ' ••I@OrderID',
CustomerID int 'CustomerID ');

EXEC sp_xml_removedocument @hdoc;
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CustomerlD

22

SaleslD OrderlD

5 '23458

Resufis
~-----~========~=

1-,-[j~~~~~:] :~~~~:::
Figure 8-5. Use ofColhattern in WITH clause

You now have all the data. The changes in Listing 8-5 include the ColPattern values but also a
change to the rowpattern. The rowpattern is now /Orders/Order/OrderDetail. This allows you to parse
the XMLdocument to the lowest element and then work your way up through the XMLhierarchy. Ifany
columns are in-line attributes, you will need preface them with an @ sign .

• Note When including ColPatterns for columns inyour WITH clause, you don't need to include the mapping
parameter in OPENXML. This is because using ColPattern defaults OPENXML toelement-centric mapping.

Retrieving Data as XML Using the FOR XML Clause
As mentioned, XMLis normally handled in one of two ways. The first way is when you have a XML
document and you need to shred it into a table format. For this method, use the OPENXML command. The
other way is to convert table data into a XMLdocument using FOR XML.

The FOR XML clause is actually part of a SELECT statement. A SELECT statement returns data from a
table in rowset format. Adding the FOR XML clause at the end converts the rowset data into XMLformat.
The command has four modes and each mode provides you a different level of control. The modes
determine how much control you want when converting rowset data containing columns and rows into
a XMLdocument consisting of elements and attributes. The four modes are RAW, AUTO, EXPLICIT, and
PATH. There are also a number of mode options that will be discussed throughout the chapter.

Throughout this chapter I'll be discussing the four modes. Each one provides certain advantages
and disadvantages. Table 8-1 gives a brief summary of each.

Table 8-1 . FORXML Modes

MODE Description

RAW

AUTO

EXPLICIT

PATH

Easiest to use but provides the least flexibility . Each row creates a single element.

Similar to RAW but provides more flexibility . Each column returned is an element
and each referenced table with a column in the SELECT clause is an element.

Difficult to use but provides improved granularity for creating complex XML
documents. Allows you to mix attributes and elements but requires specific syntax
structure in the SELECT clause.

It is recommended to use the PATH mode instead of EXPLICIT. This mode provides
similar functionality but with less complexity.
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FORXMLRAW
The RAW mode is the simplest mode but provides the least flexibility when generating XML from rowsets.
Listing 8-6 shows an example; this mode is an excellent means to quickly generate XML documents from
tables. Figure 8-6 shows the initial output and Listing 8-7 shows the results of clicking on the XML
hyperlink.

Listing8-6. GeneratingXML Using the FORXML RAW Command

USE AdventureWorks2012;
GO

SELECT TOP 5 FirstName
FROM Person. Person
FOR XML RAW;

xr. LJ 52E286H&Al·lldl·8105-00805F499168r-"-"-'-'-'-"-'-'-"-"-"-'-'-'- "-'-"-'-"-"-"-'._,._..._.._.,_.,_._.._.,-,._....._,._..,_._.._,._..-..- ' ''-'' '-'' '-'''-' ''-''-'''-''-' ''-'' '-'''-'''-''-'''l

L<J3)~ ~NS!f!1e_~"§ved"h5'?W. ~rstN~me;:'4'f!e<Jn(!><lO..w f!!tNa,:"~~".}qrn"l>9'Bw Rr:st ~a.me ;~ I(j~::h <'pw ..FIfS!!'am:~ '~l(jm: '!> J

Figure 8-6. Using FORXML RAW

Listing8-7. XML Output Using the FORXML RAW Command

<row FirstName="Syed" />
<row FirstName="Catherine" />
<row FirstName="Kim" />
<row FirstName="Kim" />
<row FirstName= "Kim" />

As you can tell from the output in Listing 8-7, RAW mode produces a single node "row" for each row
returned and each element has a column-based attribute. By default, RAW mode produces an attribute­
centric XML document. Remember that attribute-centric XML consists of inline attributes. Also, each
node is named row, which is not very helpful when describing the contents of the XML data. To create an
element-centric XML document with a more friendly node name, you will need to include the ELEMENTS
option along with a node definition. Listing 8-8 shows an example.

Listing8-8. Creating Element-Centric XML Using XML RAW

--Run this query

USE AdventureWorks2012;
GO

SELECT TOP 5 FirstName, LastName
FROM Person. Person
FOR XML RAW ('NAME'), ELEMENTS
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The following is some of the output:

<NAME>
<FirstName>Syed</FirstName>
<LastName>Abbas</LastName>

</NAME>
<NAME>

<FirstName>Catherine</FirstName>
<LastName>Abel</LastName>

</NAME>
<NAME>

<FirstName>Kim</FirstName>
<LastName>Abercrombie</LastName>

</NAME>
<NAME>

<FirstName>Kim</FirstName>
<LastName>Abercrombie</LastName>

</NAME>
<NAME>

<FirstName>Kim</FirstName>
<LastName>Abercrombie</LastName>

</NAME>

In Listing 8-8 the FOR XML RAW clause takes NAME as an input. This defines the node name. The
ELEMENTS option converts the columns from attributes to elements within the NAME node.

• Note It ispossible tomix attribute-centric mapping with element-centric mapping using FOR XML. To do so
requires using nested FOR XML queries. Nested FOR XML queries are beyond the scope ofthis book. Actually, using
the PATH option with nested FOR XML is considered better practice than using the EXPLICIT option. You can get
more information athttp://msdn.microsoft. com/en-us/library/bbSl0436(v=SQL.ll0). aspx.

Keep in mind that even with the ability to use FOR XML RAW to create attribute-centric XML or
element-centric XML, the mode still limits your ability to form complex XML documents. FOR XML RAW is
well-suited for testing or creating simple XMLdocuments. For more complex XMLdocuments, you will
want to work with the other available modes.

FORXMLAUTO
Another option is AUTO mode. This mode is similar to RAW (and just as easy to use) but produces a more
complex XML document based on your SE LECT query. AUTO creates an element for each table in the FROM
clause that has a column in the SELECT clause. Each column in the SELECT clause is represented as an
attribute in the XML document. Look at Listing 8-9 to see an example of FOR XML in use. Some example
output follows the listing .
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Listing8-9. UsingAUTO Mode

--Execute the query

USE AdventureWorks2012;
GO

SELECT CustomerID, LastName, FirstName, MiddleName
FROM Person.Person AS p
INNER JOIN Sales.Customer AS c ON p.BusinessEntityID = c.PersonID
FOR XML AUTO;

The following is an example of the output that you'll get from executing the query in Listing 8-9:

<c CustomerID="2948S ">
<p LastName="Abel" FirstName="Catherine" MiddleName="R." !>

etc»
<c CustomerID="29486">

<p LastName="Abercrombie" FirstName="Kim" />
etc»
<c CustomerID="29487">

<p LastName="Acevedo" FirstName="Humberto" !>
etc»
<c CustomerID="29484">

<p LastName= "Achong" FirstName="Gustavo" />
etc»
<c CustomerID="29488">

<p LastName= "Ackerman " FirstName="Pilar" />
etc»
<c CustomerID="28866">

<p LastName="Adams" FirstName="Aaron" MiddleName="B" !>
etc»
<c CustomerID="13323 ">

<p LastName="Adams" FirstName="Adam" !>
etc»
<c CustomerID="21139">

<p LastName="Adams" FirstName="Alex" MiddleName="C" !>
etc»
<c CustomerID="29170">

<p LastName= "Adams" FirstName="Alexandra" MiddleName="J" />
etc»
<c CustomerID="19419">

<p LastName="Adams" FirstName="Allison" MiddleName="L" />
etc»

Listing8-10shows how AUTO mode converted the tables Customer and Person into elements. SQL
Server was intelligent enough to link the corresponding columns as attributes in the respective elements.
For example, CustomerlD is a column in the Sales.Customer table so AUTO mode created CustomerlD as
an attribute in the Customer element. The AUTO mode would continue to expand the XML document for
each table and column you add to the query.

Now add the ELEMENTS option likeyou did with RAW mode to see how it affects the XML output.
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Listing 8-1 O. Using AUTO Mode with ELEMENTS Option

--Run the query

USE AdventureWorks2012;
GO

SELECT CustomerID, LastName, FirstName, MiddleName
FROM Person. Person AS Person
INNER JOIN Sales.Customer AS Customer ON Person.BusinessEntityID Customer.PersonID
FOR XML AUTO, ELEMENTS;

The following is some of the query output from Listing 8-10:

<Customer>
<CustomerID>2948S</CustomerID>
<Person>

<LastName>Abel</LastName>
<FirstName>Catherine</FirstName>
<MiddleName>R.</MiddleName>

</Person>
</Customer>
<Customer>

<CustomerID>29486</CustomerID>
<Person>

<LastName>Abercrombie</LastName>
<FirstName>Kim</FirstName>

</Person>
</Customer>
<Customer>

<CustomerID>29487</CustomerID>
<Person>

<LastName>Acevedo</LastName>
<FirstName>Humberto</FirstName>

</Person>
</Customer>

Just as in the example using RAW mode, the ELEMENTS option displays columns as elements for each
node instead of the default attribute mapping. One difference is the exclusion of the ElementName
option that you saw in the previous RAW mode (RAW(NAME)) . You can leave this out because AUTO mode
automatically names the nodes after the name of each table; in fact, you will receive a syntax error if you
try to use the option.

FOR XML EXPLICIT
The most complicated means to convert table data into XML is by using the FOR XML EXPLICIT mode, but
with complexity comes flexibility and control. The complexity lies in the rigorous requirement that you
structure your SE LECT clause so that the output forms a universal table.

Asyou can see from previous examples, XML is based on hierarchies. Listing 8-11 shows a Customer
element or node and under Customer is a sub -element called Person. Person is a child element of
Customer. In order to create a similar XMLdocument using the EXPLICIT mode, you need to define this
relationship in the universal table. This is done by creating two columns called Tag and Parent. Think of
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this as the relationship between manager and employee. A manager would have a tag ID of 1 and the
employee would have a tag ID of2. Since you are only concerned about the manager level in the
hierarchy, the manager would have a parent ofa (NULL) but the employee would have a parent of 1.
Listing 8-11 shows a simple example.

Listing 8-11 . Using XML FOR EXPLICI T

--Run the query

USE AdventureWorks2012;
GO

SELECT 1 AS Tag,
NULL AS Parent,
CustomerID AS [Customer!l!CustomerID],
NULL AS [Name!2!FName],
NULL AS [Name!2!LName]

FROMSales .Customer AS C
INNER JOIN Person.Person AS P
ON P.BusinessEntityID = C.PersonID
UNION
SELECT 2 AS Tag,

1 AS Parent,
CustomerID,
FirstName,
LastName

FROMPerson. Person P
INNER JOIN Sales.Customer AS C
ON P.BusinessEntityID = C.PersonID
ORDER BY [Customer !l!CustomerID], [Name !2!FName]
FOR XML EXPLICIT;

The results are as follows:

<Cust omer CustomerID="11000 ">
<Name FName="Jon" LName="Yang" / >

</ Cust omer>
<Cust omer CustomerID="11001 ">

<Name FName="Eugene" LName="Huang" / >
</Cust omer>
<Cust omer CustomerID="11002 ">

<Name FName="Ruben" LName= "Torres" I>
</Cust omer>
<Cust omer CustomerID="11003 ">

<Name FName="Christy" LName="Zhu" / >
</ Cust omer>
<Cust omer CustomerID="11004">

<Name FName="Elizabeth" LName="Johnson" / >
</ Cust omer>
<Cust omer CustomerID="1100S">

<Name FName="Julio" LName= "Ruiz" / >
</Cust omer>
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By using th e UNION sta tem ent you ca n de fine different Tag and Parent values in each SE LECT clause.
This allows you to nest the XMLand create h ierarch ies. In th is case you assigne d to Customer a Tag of 1
and Parent as NULL. In th e next SE LECT sta te ment you assi gne d Name a Tag of 2 and Parent of 1. Table 8-2
shows what th e universal tabl e looks like for CustomerID 11008 in Listing 8-1 1.

Table 8-2. Example Universal Table for the EXPLICIT Mode

Tag Parent Customer!1!CustomerlD Name!2!FName Name!2!LName

1 NULL

2 1 NULL

11008 NULL

"Rob"

NULL

"Verhoff"

In addition to th e Tag and Par ent values, the ElementName! TagNumber! Attribute defines whe re in th e
hierarch y each column exists. The value Customer! 1! CustomerID tells you th e valu e belongs with th e
Cus tomer element, the !l! tells you it is Tag 1 and Cus tomerID is th e attribute.

• Note There isan optional value called Directive when creating the universal table. The format is
ElementName !TagNumber !Attribute !Directive. They allow you tocontrol how to encode values (ID, lORE F,

IDREFS) and how to map string data toXML (hide, element, elementxsinil, xml , xmlte xt, and cdata).

The details ofeach can be found at http://msdn.microsoft . com/en-us/l ibrary/ms189068( v=SQL.ll0). aspx

orin Pro T-SQL 2012 Programmer's Guide (Apress, 2012).

As you can readily see, using th e EXPLICIT m ode ca n qu ickly become cumbe rsome. What it provides
in flexibility it more th an makes up in complexity . So for complex XML documents th at mix and match
att ributes and elemen ts , you will want to use the FOR XML PATH mode with nested XML.

FORXMLPATH
As mentioned, if you need to develop com plex XML documents from tabl e data, the best tool to use is
th e FOR XML PATH mode. This is primarily because PATH mode takes adva n tage of th e XPath sta ndard.
XPath is a W3C sta nda rd for navigating XML hi erarchi es. XPath includes other useful tools such as
XQuery and XPoin ter.

• Note W3C, orWorld Wide Web Consortium (www.w3.org) , isagroup ofprofessionals (both volunteer and paid)
who help todefine Internet standards. Without a central organization developing standards it would be difficult for
the Internet to exist and thrive. XPath isastandard developed for navigating XML documents. This is justone if the
items that makes XML such a powerful tool for sharing data between systems around the world running on
differing platforms.
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Listing 8-12 demonstrates a simple example of the PATH mode. This example runs a SELECT
statement against the Prodution.Product table.

Listing 8-12. Simple FOR XML PATH Query

--Run the query

USE AdventureWorks2012;
GO

SELECT p.FirstName,
p.LastName,
s.Bonus,
s.SalesYTD

FROM Person.Person p
JOIN Sales. SalesPerson s
ON p.BusinessEntityID = s.BusinessEntityID
FOR XML PATH

The output from the query in Listing 8-12 will appear as follows:

<row>
<FirstName>Stephen</FirstName>
<LastName>Jiang</LastName>
<Bonus>O.OOOO</Bonus>
<SalesYTD>559697.5639</SalesYTD>

<!row>
<row>

<FirstName>Michael</FirstName>
<LastName>Blythe</LastName>
<Bonus>4100.0000</Bonus>
<Sal esYTD>3763178. 1787</ Sal esYTD>

</row>
<row>

<FirstName>Linda</FirstName>
<LastName>Mitchell</LastName>
<Bonus>2000 .0000</Bonus>
<Sal esYTD>42S1368. 5497< / Sal esYTD>

</ row>
<row>

<Fi rst Name>Ji l l i an< / Fi r st Name>
<Last Name>Car son< / Last Name>
<Bonus>2500.0000</Bonus>
<Sal esYTD>3189418. 3662</ Sal esYTD>

</row>

Without any modification. the XML PATH mode willcreate a simple element-centric XMLdocument.
Listing 8-12 produces an element for each row. Asalways. you may want to complicate things a bit.
Listing 8-13demonstrates howyou can easilymix and match element and attribute-centric XML
document styles.
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Listing 8-13. DefiningXML Hierarchy Using PATH Mode

--Run the query

USE AdventureWorks2012;
GO

SELECT p.FirstName "@FirstName",
p.LastName "@LastName",

s.Bonus "Sales/Bonus",
s.SalesYTD "Sales/YTD"

FROM Person.Person p
JOIN Sales. SalesPerson s
ON p.BusinessEntityID = s.BusinessEntityID
FOR XML PATH

The following is some example output:

<row FirstName="Stephen" LastName="Jiang">
<Sales>

<Bonus>O.OOOO</Bonus>
<YTD>559697.5639</YTD>

</Sales>
</row>
<row FirstName= "Michael" LastName="Blythe">

<Sales>
<Bonus>4100.0000</Bonus>
<YTD>3763178.1787</YTD>

</Sales>
<!row>
<row FirstName="Linda" LastName="Mitchell">

<Sales>
<Bonus>2000.0000</Bonus>
<YTD>4251368.5497</YTD>

</Sales>
<!row>
<row FirstName="Jillian" LastName="Carson">

<Sales>
<Bonus>2500.0000</Bonus>
<YTD>3189418.3662</YTD>

</Sales>
<!row>

If you think the SELECT statement in Listing8-13looks familiar, you're right. A similar query was
used in Listing8-5 when navigating an XML document in the OPENXML command using the WITH
statement. Keepin mind when mapping columns to a XMLdocument that any column defined with an
@ sign becomes an attribute of the node and any column defined with a " I" becomes a separate element.
Similar to the OPENXML example, if you add a name value to the PATH mode (FOR XML PATH «Product'),
you can name the root node from "row" to "Product." Listing8-14shows what this looks like.
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Listing 8-14. Simple FORXML PATH Query with NAME Option

--Run the query

USE AdventureWorks2012;
GO

SELECT ProductID "@ProductID",
Name "Product/ProductName",
Color "Product/Color"

FROM Production. Product
FOR XML PATH (. Product' )

The query output is as follows:

<Product ProductID="l">
<Product>

<ProductName>Adjustable Race</ProductName>
</Product>

</Product>
<Product ProductID="2">

<Product>
<ProductName>Bearing Ball</ProductName>

</Product>
</Product>
<Product ProductID="3">

<Product>
<ProductName>BB Ball Bearing</ProductName>

</Product>
</Product>
<Product ProductID="4">

<Product>
<ProductName>Headset Ball Bearings</ProductName>

</Product>
</Product>
<Product ProductID="316">

<Product>
<ProductName>Blade</ProductName>

</Product>
</Product>

When choosing from the legacyXML methods, the PATH mode is the preferred means to generate
complexXML documents . It allowsfor granular control of structuring the document but is not overly
complicated as the EXPLICIT mode. Beyond the previous legacymodes Microsofthas developed even
more robust methods of generating and handling XML in SQL Server.

XML Data Type
Though OPENXML and FOR XML are still available in SQL 2012, you should utilize them mostly for handling
legacycode; 1suggest workingwith the newer methods of handling XML documents . Beginningwith
SQL 2005, you can define a column as XML when creating a table object. Doingso specifically tells SQL
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Server to treat th e data in the column as XML. You can also use th e XML built- in data typ e when defining
variables for stored procedures an d functions. Dat a types are discussed in more det ail in Chapte r 10.
Listing 8-15 creates a sa m ple table with a column defined as a built-in XML dat a type.

Listing 8-15. Built-in XML Data Type

USE tempdb;
GO

CREATE TABLE Product List (ProductInfo XML) ;

You'll find XML dat a types scattered throughout th e Adven tureWorks2012 dat ab ase. For exam ple,
th e Perso n.Perso n table has two columns defined as XML: Addi tionalContactl nfo and Demographics.
Th e AdditionalContactInfo colum n is NULL but is u seful for working with XML inserts and updates while
th e Demographics colum n sh ows how the dat a is, in fact , stored as XML. In th e past , this dat a would be
stored as tex t. Keep in mind the following rules aro und a colum n with the XML data type :

• It can 't be used as a primary or for eign key.

• You can' t convert or cast the column to a text or ntext . It is recommende d to use
varchar(max) or nvarchar(max) . Text and ntext will be deprecat ed in fu ture
versions of SQL Server .

• Colu m n ca n' t be used in a GROUP BY sta tement.

• The colum n size can't b e greate r than 2GB.

Let' s no w create a table with an XML column and populat e it wi th some dat a. Type in and exec ute
th e code in Listing 8-16.

Listing8-16. Using XMLasaData Type

USE AdventureWorks2012;
GO

--1
CREATE TABLE #CustomerList (CustomerInfo XML);

--2
DECLARE @XMLInfo XML ;

--3
SET @XMLInfo = (SELECT CustomerID, LastName, FirstName, MiddleName
FROM Person . Person AS p
INNER JOIN Sales.Customer AS c ON p.BusinessEntityID = c.PersonID
FOR XML PATH);

--4
INSERT INTO #CustomerList(CustomerInfo)
VALUES(@XMLInfo);

- -5
SELECT CustomerInfo FROM #CustomerList;
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DROP TABLE #CustomerList;

Figure 8-7 shows the results. Stateme nt 1 crea tes a table with an XML column. Statement 2 declares
a variable with the XML data type . Statem ent 3 saves the information in XMLform at about each
customer from the Sales.Customer and Person.Person tabl es into a variable. The data comes from the
same query that you saw in the previous sec tion. Statem ent 4 insert s a row into the #CustomerList table
using the variable. Query 5 returns the Customerlnfo column from the table without using the FOR XML
clause . Since the table stores the data in XML format, the statement looks just like a regular SELECT
sta tem en t yet returns the data as XML.

Resu s-!l= = = = = = = = = = = = = = = = = = = = = = = = = =
Customerlnfo

[~.~~.·?·~·~·~~·~~·.~.~.~~.~:~i.~·~.~i..i.~·~:~~·~·~i.§.~.i.·~.~·~·.~~·~·~·.~.~·~~.~.~.~.~.~;:;.:~::.]

Figure 8-7. The results ofusing the XML data type

• Tip When working with large character data types like XML you no longer should use the text orntext data
types. Both of these data types will be deprecated and replaced with varchar(max) and nvarchar(max). The
XML data type can 't be converted totext.

XML Methods
XML methods provide ways to handl e XML in the XML data type . They allow you to update the XML,
convert the XML to rowsets, check whether the XML has nod es, an d many other useful options. They
provide many of the same functionalities as you saw with the legacy XML comma nds. Table 8-3
summarizes these methods and I'll discuss each of them.

Table 8-3. XML Data Type Methods

Method Description

query( xquery) Executes an XQuery against the XML data type. Returns an XMLtype .

value(xquery, sqltype) Executes an XQuery against the XML data type and returns a SQLscalar
value.

exists(xquery) Executes an XQuery agains t the XMLdata type and returns a bit value
representing a crite ria of 1 if the re is at least one node, 2 if the re are no
nodes, and NULL if the XMLdata type in the xquery is NULL.

modify(xml_dml) Used to update XML stored as the XML data type .

nodes() This me thod is wha t you will use to convert (sh red) an XML data type
into a rowset (table). If you want to convert XMLinto a relational form ,
use th is method.
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Query Method
Use the query () method when you need to extract elements from an XML data type . You have the
capability to extract specific elements and create new XML documents. Listing 8-17 demonstrates the
use of a simple query() method you will use in this chapter to build on using some of the other methods.

Listing 8-17. Using the query() Method Against XML Data

--Run query

USE AdventureWorks2012;
GO

SELECT Demographics .query('declare namespace ss =
"http://schemas.microsoft.com/sqlserver/2004/07/adventure-works/StoreSurvey";
<Store AnnualSales = "{ Iss:StoreSurvey/ss:AnnualSales }"

BankName = "{ Iss:StoreSurvey/ss:BankName }" I>
') AS Result
FROM Sales. Store;

The following is the output:

<Store AnnualSales="800000" BankName="United Security" I>
<Store AnnualSales="800000" BankName="International Bank" I>
<Store AnnualSales="800000" BankName="Primary Bank &amp; Reserve" I>
<Store AnnualSales="800000" BankName="International Security" I>
<Store AnnualSales="800000" BankName="Guardian Bank" I>

Listing 8-17 brings up a concept not yet discussed: namespaces. Namespaces can be confusing
when first learning XML but the concept is simple. XMLuses namespaces to uniquely define element
and attribute names in an XML document. The classic example is the element <table> . If the XML
document is used by a furniture company, <table> would mean a piece offurniture. If the XML
document is used by a company writing data modeling software, <table> would mean a database table.
In this case, the furniture company and the data modeling company will use different namespaces. In
order to facilitate data transfers and communication, all furniture companies may use the same
namespace so that <table> always refers to the same thing.

In your query, you refer to the namespace
http://schemas.microsoft.com/sqlserverI2004/07/adventure-works/StoreSurvey. This namespace was
defined for you in the stored XML. In this case, the namespace points to a Microsoft site, but
namespaces don 't have to actually point to anything and there is no validation executed against the XML
data as a result of including a namespace. They do have to take the format of a URI and this can
sometimes be confusing since namespaces (like the one in the query) point to an actual web site. The
namespace in Listing 8-17 must be included in your query because the XML data includes it, which
makes typed XML (untyped XMLhas no schema or namespace association) .

Once you declare the required namespace, you can then refer to the XML elements using the
namespace prefix. In the previous example, you use the prefix Iss to refer to each element. For example,
Iss: StoreSurveyIss: AnnualSales grabs the AnnualSales element from the XML. The braces symbol {} tell
the queryO method to insert a value into the output.
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• Note XML can be typed or untyped. What this basically means is whether or not the XML document is

associated with a schema. Aschema helps to define both the elements and the XMLstructure. We won't go into

detail of the differences in this chapter but more information can be found at http://msdn.microsoft . comlen­

us/library/ms184277(v=SQL.110).aspx.

The value0 Method
The value() method uses XQuery against an XML document to return a scalar value. In the value()
statement you specify the data type you want returned. Take a look at Listing 8-18 for a quick example
using some of the same data you saw earlier in Listing 8-17. Listing 8-18 shows a query and Figure 8-8
shows the results.

Listing 8-18. Using the valuei) Method

USE AdventureWorks2012j
GO

SELECT Demographics.value('declare namespace ss =
"http://schemas.microsoft.com/sqlserver/2004/07/adventure-works/StoreSurveY"j
(/ss:StoreSurvey/ss:BankName) [1] , , 'varchar(loo)') AS Result
FROM Sales. Store

Resu

25 Guardian Bank

26 Intemational Bank

27 Primary Bank &Reserve

28 Intemational Security

29 Primary Bank &Reserve

30 Intemational Security

31 Intemational Bank

32 Intemational Bank

33 Un ed Secutity

34 Reserve Secunly

35 Primary Intemational

36 Primary Bank &Reserve

37 Reserve SeCUllly

38 Primary Bank &Reserve

39 Intemational Security

40 Unrted Secutity

41 Intemational Bank

Figure 8-8. Partial results ofusing ualuei) method
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Listing 8-18 is simi lar but only pull s th e Bank Name data fro m the XMLdata typ e. The valueO
method still declares the namesp ace and also uses the sa me XQuery syntax. The differen ce is the value()
method pull s back the data as varchart ioo) data typ e and not as an XMLdocument. The other
difference to note is th e index [11 in the XQuery text. This is required in order to en sure th e exp ress ion
returns a singleton, or a single exam ple of th e value (in th e even t th ere are different value s for
BankNa m e in the XML do cument) .

The existt) Method
The exist() method works simi larly to the T-SQL EXIST sta tem ent. The method will check to see
whe the r or not a value is true or false. Ifthe value is true, it returns a 1; if the value is false, it returns a O.
!fthe value is NULL, th e method retu rns NULL. Let's take a look at an example in Listing 8-19 and the
results in Figur e 8-9.

Listing 8-19. Using the existi) Method

USE AdventureWorks2012j
GO

SELECT Demographics .value( 'declare namespace ss =
''ht t p: / / schemas . mi cr osoft . com/ sql ser ver I2004/ 07/ advent ur e-wor ks/ St or eSur vey" j
(/ss:StoreSurvey/ss:BankName) [1] , , 'varchar(100)') AS LargeAnnualSales
FROM Sales. Store
WHERE Demographics.exist('declare namespace ss =
''http://schemas.microsoft.com/sqlserver/2004/07/adventure-works/StoreSurvey"j
Iss:StoreSurvey/ss :AnnualSales [. = 3000000] ') = 1

LargeJlmua lSales

1 [~~~~~~~~~~]
2 Reserve Secullty

3 Primary Intemational

4 Guardian Bank

5 Intemational Secunty

6 Pornary Bank &Reserve

7 Intemational Bank

8 United Secunty

9 Reserve Secullty

10 Primary Intemational

11 Primary Bank &Reserve

12 Guardian Bank

13 Intemational Security

14 Primary Intemational

15 Guardian Bank

16 Intemational Security

17 Intemalional Secunty

Figure 8-9. Partial output ofexistt) method
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Listing 8-19 begins by using th e same va lu e method but th en uses th e exist() method as filter to
only retu rn th e BankNames with AnnualSales equal to 3 mill ion. Remember the existO method returns
either 1 if true, 0 if false, or NULL if NULL. Sinc e you ar e requiri ng a return of all true values, you se t the
exist () method to equal 1.

The modifyO Method
You will us e th e modify() m ethod if you want to change XML dat a stored as an XML dat a type. Th e
modifyO m ethod is sim ilar to using updat e, insert, and delet e commands. On e primary differ ence is the
modify() m ethod can only be used in a SET clause. Listing 8-20 shows th e differ ent ways to use the
modifyO m ethod to change dat a in an XML document ass igned to a variable.

ListingB-20. I nserting, Upda ting, and Deleting XML Using the modify() Method

DECLARE @x xml =
' <Pr oduct ProductID = "521487">

<ProductType>Paper Towels</ProductType>
<Price>15</Price>
<Vendor>Johnson Paper</Vendor>
<VendorID>47</VendorID>
<Quant i t yOnHand>500</ Quant i t yOnHand>

</Product>,

SELECT @x

1* inserting data into xml with the modify method *1
SET @x .modify('
insert <War ehouse ID>77</ War ehouse ID>
into (/Product)[l]')

SELECT @x

1* updating xml with the modify method *1
SET @x .modify('
replace value of (/Product/QuantityOnHand[l]/text())[l]
with "250" ' )

SELECT @x

1* deleting xml with the modify method *1
SET @x .modify('
delete (/Product/Price)[l]')

SELECT @x

The first SELECT @xs ta te ment produces the original XML as it was declared in th e variable. Listing
8-21 repeat s th e sta te ment.
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Listing 8-21. Declaring and Selecting XML Data

--Run the query

DECLARE @x xml =
'<Product ProductID = "521487">

<ProductType>Paper Towels</ProductType>
<Price>15</Price>
<Vendor>Johnson Paper</Vendor>
<VendorID>47</VendorID>
<QuantityOnHand>500<IQuantityOnHand>

</Product>,

SELECT @x

The query output appears as follows:

<Product ProductID="521487">
<ProductType>Paper Towels</ProductType>
<Price>15</Price>
<Vendor>Johnson Paper</Vendor>
<VendorID>47</VendorID>
<QuantityOnHand>500<IQuantityOnHand>

</Product>

The next two statements in Listing8-22 uses the modify() method to insert a new element into the
XML document and then select the variable. The element you insert is the WarehouseID and you insert
it under the Product root.

Listing 8-22. Declaring and Inserting XML Data

--Run the query

SET @x.modify(,
insert <WarehouseID>77</WarehouseID>
into (/Product)[l]')

SELECT @x

The results from the INSERT command should look as follows:

<Product ProductID="521487">
<ProductType>Paper Towels</ProductType>
<Price>15</Price>
<Vendor>Johnson Paper</Vendor>
<VendorID>47</VendorID>
<QuantityOnHand>500<IQuantityOnHand>
<WarehouseID>77</WarehouseID>

</Product>

The next two statements update the XML by using the REPLACE command and then select the
variable. In this example, you change the OnHandQuantity from 500 to 250. In your XQuery, you have to
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specify the element as a singleton as well as the path, and you also include the text () fun ct ion. Listing
8-23 shows the query and the results.

Listing 8-23. Decl aring and Inserting XML Data

--Run the query

SET @x .modify('
replace value of (/Product/QuantityOnHand[l]/text())[l]
with "250"')

SELECT @x

The following are the results:

<Product ProductID="521487">
<ProductType>Paper Towels</ProductType>
<Price>15</Price>
<Vendor>Johnson Paper</Vendor>
<VendorID>47</VendorID>
<QuantityOnHand>250</QuantityOnHand>

</Product>

The last ste p in th e exam ple shows th e DELETE sta temen t in th e modifyO m ethod. The query uses the
familiar DELETE sta temen t along with th e XQuery path. In thi s exam ple, you com pletely remove th e Price
elemen t from the XML do cument. Again, you have to spe cify the singleton value of [1] in your path.
Listing 8-24 shows th e qu ery.

Listing 8-24. Declaring and Inserting XML Data

--Run the query

SET @x.modify(,
delete (/Product/Price)[l]')

SELECT @x

And the followi ng is the output:

<Product ProductID= "521487">
<ProductType>Paper Towels</ProductType>
<Vendor>Johnson Paper</Vendor>
<VendorID>47</VendorID>
<QuantityOnHand>500</QuantityOnHand>

</Product>

Node Method
The final me thod we' ll discu ss is th e node method. This method is used when shredding XML stored as a
dat a typ e into a relational form at. List ing 8-25 shows a brief example that we' ll discu ss in det ail. Figure 8­
10 shows the partial result of exec uting th e code in the listing.
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Listing 8-25. Shredding XML Using the nodei) Method

USE AdventureWorks2012;
GO

SELECT Name,
SalesPersonID,
AnnualSales.query('. ') AS XMLResult

FROM Sales. Store
CROSS APPLY
Demographics.nodes('declare namespace ss =
''http://schemas.microsoft.com/sqlserverI2004/07/adventure-works/StoreSurvey";
Iss:StoreSurvey/ss:AnnualSales') AS NodeTable(AnnualSales)

Name SalesPersonlD
1 [.·.N-·.·.-.O;:;'.-ii-Si-----------i 2i9

_...~.:_......~........_7 ~_._.. -l I

2 ProfessionalSales and Service 2i6

3 Riders Company 277
4 The 8<ke Mechanics 2i5

5 Nationwide Supply 286
6 hea Bike.Accessories 281
7 Bicycle Accessories and KIts 283
8 Oamps &. Brackets Co. 2i5

9 YaneyBicycle Spedaists 277
10 New Bikes Company 2i9
11 VII1)'! and Plastic Goods Corporation 282
12 Topof the Une Bikes 288
13 FunT0)'$ and Bikes 281
14 Great Bikes 283
15 MetropolrtanSales and Rental 2i5

XMLResull
<p1'.annualSales JaTl!ns p1.'http·lIschemas !!1IC!'OS

<01.annualSales lalllns p1·'http'//schemas micros
<p l 'konualSaleslalllns p1·'http://schemas migos.
<0l'.annualSales mlnsp1='http'lIscheroas micros
<p l'ffinual Sales lalllns p1='http'//schemas micros.
<0l 'PnnualSales mlnsp1='http'lIschemas micros
<0 l 'hlnualSales xmlns p1='http'lIschemas micros
<p1:hlnualSales mlns-p 1='http://schemas micros.
<01·.annuaISalesxmlnsp 1='http://schemasmicros..
<pl'hlnualSales lalllnsp1='http://scbemasmicros..
<p l'hlnualSales xmlns p1='http://schemasmicros..
<0l"I'mualSales lalllnsp1='http'lIschemas micros
<p H'lll1ualSales mlns p1='http://schemas migos
<01·.annuaISales mlnsp1='http://schemasmigos
<0l'hlnual Sales xmnsp1='http·//schemasmicros..

Figure 8-10. Partial result ofusing the nodei) method

The first part ofthe statement executes a familiar SELECT statement against the table, Note that the
only way to retrieve data using the node() is to use another XML method, You can use query(), value(),
exists (), and nodes () to get the result, but you can't use the modify() method. For example, the
following code shows the section from Listing 8-25 in which the columns are defined in the SELECT
clause:

SELECT Name,
SalesPersonID,
AnnualSales.query('. ') AS XMLResult
FROM Sales.Store

I've provided the column with the aliases of AnnuaiSales and XMLResult. The XMLResult alias will
be used for the column name while the AnnualSales alias will be used as the name for the table created
by the node() method.
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The second section ofthe statement begins with the CROSS APPLY command and then the actu al
node() method statement. The CROSS APPLY command (shown next) allows for the nodes t) table to be
input for the query() method and then have results comb ined into a single table.

CROSS APPLY
Demographics.nodes('
declare namespace ss = ''http://schemas .microsoft .com/sqlserver/2oo4/o7/adventure­
works/StoreSurveY"j
/ss:StoreSurvey/ss :AnnualSales') AS NodeTable(AnnualSales)

The actual node() method format should look familiar by now. You again declare your namespace
and access the elements using the XQuery path. When using the node () method, you need to alias the
virtual table (in th is case NodeTable) and reference the virtual column name in the table. AnnualSales.

EXERCISES

Use the AdventureWorks2012 database to complete these exercises.

1. Use OPENXML to produce a table from the following XML document. Make sure you
return all elementsand attributes. (HINT: You will need to use the rowpattern
option.)

<Company>
<Employee EmployeeID="56">

<Department>Accounting</Department>
<YearsofService>10</YearsofService>
<Manager I D> 5< / Manager ID>

<PayScale>
<PayLevelID>8</PayLevelID>
<YearlyBonusPct>2.5</YearlyBonusPct>
</PayScale>

</Employee>
</Company>

2. Write a SELECT query with a FOR XML clause that pulls the Name and ListPrice
from the Production.Product table. Use the same query butdisplay the resultsas
attribute-centric.

3. Modify the following SELECT statement to use the PATH mode. Make FirstName
and LastName an attribute of Person and make JobTitle and Gender elements
undera nodecalled Employee.

SELECT p.FirstName, p.LastName, e.JobTitle, e .Gender
FROM Person. Person p
JOIN HumanResources.Employee e
ON p.BusinessEntityID = e.BusinessEntityID

4. Use the XML declared in the variable for Listing 8-18 forthe following exercises:

a. Use the modifyO method to delete the QuantityOnHand.
b. Use the modify() method to insertan element named VendorZipCode. Give it a value of63512.
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C. Use the modifyO method to update the VendorlD toa value of 65.

Summary
This chapter on ly scratches the surface of SQLServer 's capa bilities in handling XML data. The XML data
and its associated methods allow much greater flexibility and cont rol than the legacy OPENXML and FOR
XML commands. I strongly suggest using the new methods of val uef ) , modi.fyf ) , exi.stf ), and nodesO
over the legacy comma nds especial ly when implem enting the XML data type .
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Moving Logic to the Database

So far, you have worked exclusively with tables by using Data Manipulation Language (DML) statements.
You have learned to manipulate data by inserting new rows and updating or deleting existing rows. You
can use many other objects in a SQLServer database to make your database applications more efficient
and secure. This chapter teaches you how to add restrictions to tables and to create other objects that
help to enforce key business rules. In this chapter, you will learn about Data Definition Language (DOL)
statements and learn about constraints on tables, views, stored procedures, user-defined functions , and
user-defined types. You will also learn about triggers, special objects that fire when data is modified.
Because SQLServer provides so many choices for creating these objects, this chapter doesn't attempt to
explore every possible option. The chapter does, however, provide enough detail to teach you most of
what you will encounter on your journey to becoming an expert T-SQLdeveloper.

Tables
SQLServer and other database systems store data in tables . You have learned how to retrieve data from
tables as well as how to insert, update, and delete data. Specifically, you learned how to create temporary
tables in Chapter 7 and how to create tables using the SELECT INTO and CREATE TABLE syntax in Chapter 6.
You might think of a table as just a way to store data, but you can also enforce some business rules based
on constraints built into the table definition.

As a beginning T-SQLdeveloper, you will most likely write T-SQL code against a database already in
place, possibly from a software vendor or one created by a design team using data-modelling software to
create the tables. Although your job description may not include writing scripts to create tables, you do
need to understand how the table definition controls what data you can insert into a table and how you
can update the data. This section covers many options available when creating or altering tables such as
computed columns, primary keys, foreign keys, and other constraints. The point of this section is not to
get you to memorize how to add keys and constraints but to understand the implications of having them
in place .

• Tip By using Sal Server Management Studio, you can script the commands to create existing tables and other
objects inthe database. This isagreat way to learn how towrite scripts and learn the syntax. To script the
definition, right-click the object and select the "Script table as" menu.
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Adding Check Constraints to a Table
Asyou know, each column in a table must have a specificdata type and usuallya maximum size that
controlswhat data can be inserted or updated and whether a column may contain NULL values. For
example, you can't add a non-numeric string to an INT column. It is also possible to further controlwhat
data you can add by defining checkconstraints. For example, you maywant to restrict the values of a
column to a particular range of values.

• Note The NULL and NOT NULL options are also called constraints.

Here is the syntax to add a checkconstraint to a table when creating the table and later with an
ALTER TABLE command:

--Adding during CREATE TABLE
CREATE TABLE <t abl e name> «coIl> <dat a type>,<co12> <dat a type>,

CONSTRAINT <constraint name> CHECK «condition»)

--Adding during ALTER TABLE
CREATE TABLE <t abl e name> «COIl> <dat a type> , <co12> <data type»
ALTER TABLE <t abl e name> ADD CONSTRAINT <const rai nt name> CHECK «condition»

The condition looks much like the criteria in a WHEREclause. Type in and execute the code in Listing
9-1 to learn how to add a constraint.

Listing 9-1 . Adding a Check Constraint

USE tempdb ;
GO
- -1
IF OBJECT ID( 'tablel ') IS NOT NULL BEGIN

DROP TABLE tablel;
END;

- -2
CREATE TABLE tablel (COIl SMALLINT, co12 VARCHAR(20) ,

CONSTRAINT ch tablel co12 months
CHECK (co12 IN ('Janua ry'~ 'February ' , 'March ', 'Apr il ' , ' May' ,

'June' , ' July', 'August' , ' Sept ember ', 'Oct ober ',
' November' , 'December ')

) ;

-- 3
ALTER TABLE tablel ADD CONSTRAINT ch tablel coIl

CHECK (COIl BETWEEN 1 and 12); - -

312



CHAPTER 9 • MOVING LOGIC TO THE DATABASE

PRINT 'January';
--4
INSERT INTO tablel (COll,co12)
VALUES (1, 'January');

PRINT 'February';
--S
INSERT INTO tablel (COll,co12)
VALUES (2, 'February');

PRINT 'March';
--6
INSERT INTO tablel (COll,co12)
VALUES (13, 'March');

PRINT 'Change 2 to 20';
--7
UPDATE tablel SET coIl = 20;

Figure 9-1 shows the results. Code section 1 drops the table in case it already exists. Statement 2
creates tablel along with a constraint specifying that the exact months ofthe year may be entered into
col2. Statement 3 adds another constraint to the table, specifying values for colI . Statements 4 to 6 insert
new rows into tablel. Only statement 5 succeeds because the values in 4 and 6 each violate one of the
constraints. If the constraints had not been added to the table, these inserts would have worked .
Statement 7 attempts to update the one successful row with an invalid coll . You can see all the error
messages in Figure 9-1.

W Mes~ges I
Jana..y --------------------------

sg 547, Level 16, State e, Line 21
The I ISERT state ent conflicted with the CHECK const ..aint "ch_tablel_co12 nths"
The conflict occu ....ed in database "te pdb", table "dbo.tablel", colu n 'co12'.
The statement has been te..mi nat ed.
Feb..ua..y
Ha..ch

sg 547, Level 16, State 9, Line 31
The INSERT statement conflicted with the CHECK const ..aint "ch_table1_coll".
The conflict occu ....ed in database "te pdb", table "dbo.tablel", colu n 'colI'.
The statement has been te..min at ed.
Ch~ngc ~ to 20

sg 547, Level 16, State e, Line 36
The UPDATE statement conflicted with the CHECK const ..aint "ch_table1_coll-.
The conflict occu ....ed in database -te pdb", table "dbo.table1", colu n 'colI'.
The statement has been te..mi nat ed.

Figure 9-1 . The results ofattempting to violate check constraints

Adding UNIQUE Constraints
You can specify that a column or columns in a table contain unique values . Unlike primary keys, which
you will learn more about in the next section, unique columns may contain one NULL value. In the case of
multiple columns, you must decide whether to have a constraint on each column or a constraint that
covers several columns. In the first case, each column value must be unique; in the second case, the
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combination of the column values must be unique. You can add UNIQUE constraints to tables when you
create them or later with an ALTER TABLE statement. Here is the syntax:

--Adding individual constraints
CREATE TABLE <table name> «coIl> <data type> UNIQUE, <co12> <data type> UNIQUE)

--Adding a combination constraint
CREATE TABLE <table name> «coIl> <data type>, <co12> <data type>,

CONSTRAINT <constraint name> UNIQUE «COll>,<co12))

--Add a constraint with ALTER TABLE
CREATE TABLE <table name> «COIl> <data type>, <co12> <data type»
ALTER TABLE ADD CONSTRAINT <const rai nt name> UNIQUE «coll>,<co12)

The first syntax example creates a separate constraint on each column within the CREATE TABLE
statement. The other two examples each create one constraint on a combination ofthe columns. Ifyou
don't specifya constraint name as in the first syntax example, SQL Server will come up with a name for
you. Listing 9-2 contains example code showing how to create UNIQUE constraints. Type in and execute
the code to learn more.

Listing 9-2. Creating Tables with UNIQUE Cons traints

USE tempdb;
GO
--1
IF OBJECT_ID('tablel') IS NOT NULL BEGIN

DROP TABLE tablel;
END;

--2
CREATE TABLE tablel (COIl INT UNIQUE ,

co12 VARCHAR(20), co13 DATETIME);
GO

--3
ALTER TABLE tablel ADD CONSTRAINT

unq_tablel_co12_co13 UNIQUE (co12,co13);

--4
PRINT 'Statement 4'
INSERT INTO tablel(coll,co12,co13)
VALUES (1,2 , '1/1/2009') ,(2 ,2 , '1/2/2009');

--S
PRINT 'Statement 5'
INSERT INTO tablel(coll,co12,co13)
VALUES (3,2 , '1/1/2009');

- -6
PRINT 'Statement 6'
INSERT INTO tablel(coll,co12,co13)
VALUES (1,2 , '1/2/2009');
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--7
PRINT 'Statement 7'
UPDATE tablel SET co13 = '1/2/2009'
WHERE coIl = 1;

Figure 9-2 shows the results. Code section 1 drops the table in case it already exists . Statement 2
creates tablel with three columns. It cre ates a UNIQUE constraint on col l . Statement 3 adds another
UNIQUE constraint on the combination of columns col2 and col3. Statement 4 adds two rows to the table
successfully. Statement 5 violates the constraint on col2 and col3. Statement 6 violates the constraint on
col l . Statement 7 violates the constraint on col2 and col3 with an UPDATE to the table.

~ ssages 1 _

Stateme nt 4
Sta t e ent S

sg 2627, Level 14, State 1, Line 14
Violatior of IIQUE EY constraint ' un~tabl el_co1 2_co 1 3 ' .

Cannot irsert duplicate key in object ' dbo . t abl el '. The d;plicate key value is (2 , Jan 1 2909 12:90 ).
The st at e ent has been te r mi nated.
Stat ement 6

sg 2627, Level 14, Sate 1, Line 19
Violatior of IIQUE EY constraint '~tablel__3S7oe03FA~2CS7C2 ' .

Cannot irsert duplicate key in object 'dbo.tablel'. The d;plicate key value is (11.
The st ate ent has been t er mi nated.
Statement 7

sg 2627, evel 14, State 1, Line 24
Violatior of lQUE KEY constraint 'un~t blel_co12_co13 ' ,
Cannot irsert duplicate key in object 'dbo.tablel'. The dJPlicate key value is (2. Jan 2 2909 12:eeAM).
The statement has been te r mi nated.

Figure 9-2. The results ofadding UNIQUE constraints

Another interesting thing about UNIQUE constraints is that you will not see them in the Constraints
section in SQLServer Management Studio. Instead, you will find them in the Indexes section. When
creating a unique constraint, you are actually creating a unique index. Figure 9-3 shows the constraints,
as indexes, added to table 1.

8 dbo.table!
ill Columns

ill Keys
[!l Constreints

ill Triggers
8 Indexes

munq_table!_coI2_col3 (Unique, Non-Clustered)
mU~table!_3S7DOD3FA32CS7C2 (Unique, Non-Clustered)

Figure 9-3. The unique constraints defined on table] are indexes.
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Adding a Primary Key to a Table
Throughout this book, you have read about primary keys. You can use a primary key to uniquely define a
row in a table. Aprimary key must have the following characteristics:

• A primary key may be made of one column or multiple columns, called a
composite key.

• A table can have only one primary key.

• The values of a primary key must be unique.

• If the primary key is a composite key, the combination of the values must be
unique.

• None ofthe columns making up a primary key can contain NULL values .

I once received a call from a developer asking me to remove the primary key from a table because it
was preventing him from inserting rows into a table in one of our enterprise systems. He insisted that
the table definition must be wrong . I spent ten minutes explaining that the primary key was preventing
him from making a mistake and helped him figure out the correct statements. After this developer
moved on to another company, I received almost the identical phone call from his replacement. Primary
keys and other constraints are there to ensure data consistency, not to make your job harder.

You can add a primary key to a table when you create the table using the CREATE TABLE statement or
later by using the ALTER TABLE statement. Here is the syntax:

--Single column key
CREATE TABLE <table name> «columni> <data type> NOT NULL PRIMARY KEY

[CLUSTEREDINONCLUSTERED] <column2> <data type»

- -Composite key
CREATE TABLE <table name>«columni> <data type> NOT NULL,

<column2> <data type> NOT NULL, <column3> <data type>,
CONSTRAINT <constraint name> PRIMARY KEY [CLUSTEREDINONCLUSTERED]
«columni>,<column2»

--Using ALTER TABLE
CREATE TABLE <table name>«columni> <data type> NOT NULL,

<column2> <data type»

ALTER TABLE <table name> ADD CONSTRAINT <primary key name>
PRIMARY KEY [CLUSTEREDINONCLUSTERED] «columni»

Take a look at the keys and indexes of the HumanResources.Department table in the
AdventureWorks2012 database (see Figure 9-4). When you create a primary key, the database engine
automatically creates an index composed of that key. One of the indexes,
PK_DepartmenCDepartmentID, is also the primary key composed of the DepartmentID column.
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EJ !:I HumanResources.Department
l±J Collmns
8 Keys

PK_Department_DepartmentJD
ttl Constreints

Triggers
8 Indexes

mAK_Department_Name (Unique, Non-Clustered)
,.hl PK_Department_DepartmentJD (Clustered)

Figure 9-4 . The indexes afthe HumanResaurces.Department table

Listing 9-3 contains some examples that create tables with primary keys, either during the CREATE
command or later with the ALTER command. Type in and execute the code to learn more.

Listing 9-3. Creating Primary Keys

USE tempdb;
GO

--1
IF OBJECT_ID('tablel') IS NOT NULL BEGIN

DROP TABLE tablel;
END;

IF OBJECT ID( 'table2 ') IS NOT NULL BEGIN
DROP TABLE table2;

END;

IF OBJECT ID( 'table3 ') IS NOT NULL BEGIN
DROP TABLE table3;

END;

--2
CREATE TABLE tablel (coIl INT NOT NULL PRIMARY KEY,

co12 VARCHAR(10));

--3
CREATE TABLE table2 (coIl INT NOT NULL,

co12 VARCHAR(10) NOT NULL, co13 INT NULL,
CONSTRAINT PK table2 col1co12 PRIMARY KEY
(coIl, co12) - -

) ;

--4
CREATE TABLE table3 (COIl INT NOT NULL,

co12 VARCHAR(10) NOT NULL, co13 INT NULL);

--5
ALTER TABLE table3 ADD CONSTRAINT PK table3 col1co12

PRIMARY KEY NONCLUSTERED (COl1,co12); -

317



CHAPTER 9 • MOVING LOGIC TO THE DATABASE

Figure 9-5 shows the resulting tables. Code section 1 drops the tables if they already exist in the
database. Statement 2 creates tablel with a primary key made of col I . The code doesn't contain the
optional keyword CLUSTERED. The keyword CLUSTERED specifies that the primary key is also a clustered
index. (See Chapter 1 for more information about clustered and nonclustered indexes.) By default, if no
clustered index already exists on the table, as in this case, the primary key will become a clustered index .
Because the code in statement 2 didn't specify the primary key constraint name, the database engine
named the primary key for you.

Statement 3 creates a composite primary key composed of coIl and col2. You actually don't have to
specify NOT NULL when defining the primary key, because SQLServer will change the primary key
columns to NOT NULL for you. I prefer to specify the NOT NULL constraint in the CREATE TABLE statement
for clarity, especially ifI am saving the script. Again, since there is no other clustered index, the primary
key will also be a clustered index on table2.

Statement 4 creates table3 without specifying a primary key. Statement 5, an ALTER TABLE statement,
adds the primary key, in this case a nonclustered index. The primary key is often a clustered index, but
that is not a requirement. You will often see the clustered index composed of a smaller column, such as
an INT column, if the primary key contains several large columns. The reason is that the clustered index
is automatically part of every other index, so having a "narrow" clustered index saves space in the
database, but keep in mind the wider the index the more reads SQLServer will need to perform to
retrieve the data and this can have a negative impact on performance.
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B dbo.tablel

l±J Cclu-nns

B Keys
PK_t.:Jblcl_357DOD3E3CSE52!>B

Constraints

Triqcers

Indexes
(0 ) PK_table1_357DOD3BC8E529B (::Iustered)

l±J Statistics

B dbo.tabl:2

l±J Colu-nns
B Keys

PK_table2_collcoI2
l±J Constraints

l±J Triqcers
B Indexes

:m) PK_table2_collcoI2 (Clustered)
l±J Statistics

B dbo.tabl:3
l±J Colu-nns

B Keys
PK_table3_collcoI2

1±J Constraints

l±J Trig~ers

B Indexes

mPK_table3_collcoI2 (Unique, Non-Clustered)

l±J Statistics

Figure 9-5. The tables created with primary keys

Creating Foreign Keys
You have seen how to join tables on the primary key of one table to the foreign key of another table
beginning with Chapter 4. Having foreign keys defined on tables is not a requirement to join tables
together but, in addition to performance implications. explicitly defined foreign keys can help enforce
what is called referential integrity. Referential integrity means that data consistency between tables is
maintained. For example. no orders may exist without a valid customer for that order.

Just like primary keys . you can define a foreign key within the CREATE TABLE command or later in an
ALTER TABLE statement. Here is the syntax for creating simple foreign keys:

--On one column in the CREATE TABLE
CREATE TABLE <table1> «COIl> <data type> FOREIGN KEY REFERENCES <table2> «co13»)
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--On two columns in the CREATE TABLE
CREATE TABLE <tablel> «coIl> <data type>, <co12> <data type>,

CONSTRAINT <foreign key name> FOREIGN KEY «COll>,<co12»
REFERENCES <table2> «co13>,<co14»)

--Adding with ALTER table
CREATE TABLE <tablel> «coIl> <data type>, <co12> <data type»
ALTER TABLE <tablel> ADD CONSTRAINT <foreign key name> FOREIGN KEY «COIl»

REFERENCES <table2> «co13»)

The foreignkeyrefers to the table specifiedbefore the keyword REFERENCES. For example, ifyou were
definingthe foreignkeyon the orders table, table2would be the customers table. The column or
columns specifiedafter the REFERENCES keyword generallywill be the primary keyof that table. Ifthe
column or columns referred to are not the primary key, they at least have to be defined as UNIQUE. Type
in and execute Listing 9-4, which shows a simple example.

Listing 9-4. Adding a Foreign Key

USE tempdb;
GO
--1
IF OBJECT_ID('table2') IS NOT NULL BEGIN

DROP TABLE table2;
END;

IF OBJECT_ID('tablel') IS NOT NULL BEGIN
DROP TABLE tablel;

END;

--2
CREATE TABLE tablel (COIl INT NOT NULL PRIMARY KEY,

co12 VARCHAR(20), co13 DATETIME);

--3
CREATE TABLE table2 (co14 INT NULL,

colS VARCHAR(20) NOT NULL,
CONSTRAINT pk_table2 PRIMARY KEY (colS),
CONSTRAINT fk_table2_tablel FOREIGN KEY (co14) REFERENCES tablel(coll)
) ;

GO

--4
PRINT 'Adding to tablel';
INSERT INTO tablel(coll,co12,co13)
VALUES(l, 'a', '1/1/2009'),(2, 'b', '1/2/2009'),(3, 'c', '1/3/2009');

--S
PRINT 'Adding to table2';
INSERT INTO table2(co14,colS)
VALUES(l, 'abc'),(2, 'def');
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--6
PRINT 'Violating foreign key with insert';
INSERT INTO table2(co14,colS)
VALUES (7, 'abc');

--7
PRINT 'Violating foreign key with update';
UPDATE table2 SET co14 = 6
WHERE co14 = 1;

Figure 9-6 shows the results of adding the foreign key and then violating it. Code section 1 drops
table1 and table2 if they exist. Notice that the code drops table2 first. If the drop statements are reversed
and you run the code multiple times, it will fail. Note that tablel may not be dropped while the foreign
key pointing to it exists . To eliminate this problem, drop table2 first.

Statement 2 creates tablel. Statement 3 creates table2 with the foreign key. Statement 4 adds three
rows to tablel. Statement 5 inserts two valid rows to table2. Any value for col4 must already exist in coIl
oftablel. Statement 6 attempts to insert a row with the value 7. Since the value 7 doesn 't exist in coIl of
table l , the statement fails. Statement 7 attempts to update an existing row with an invalid value . The
statement fails because the value, 6, doe sn 't exist in coIl of table1.

essages 1 _

Adding tc tablel
Adding tc table2
Viol at i n~ fo reign key wi th insert

sg 2627, Level 14, State 1, Line 15
Violatior of PRIMARY KEY constraint 'pk_table2'.
Cannot irsert duplicate key in Object 'dbo.table2'. The dJPlicate key value is (abc).
The statEment has been terminated.
Viol~t i n , foreign key wi t h upd~te

sg 547, Level 16, State 0, Line 20
The UPDATE statement conflicted nth the FOREIGN KEY constraint "fk_table2_tablel'.
~he conflict occurred in database "te pdb", table "dbo .taJlel", column 'colI '.
The statEment has been terminated.

Figure9-6. The results ofadding a foreign key

Creating Foreign Keys with Delete and Update Rules
You saw in the previous section that foreign keys ensure that only valid values from the referenced table
are used . For example, ifyou have an order table, only valid Cus tomerID values from the customer table
may be used. You can also define what should happen if a customer with orders is deleted from the
database . Will all orders also be deleted at the same time ? Should SQL Server prevent the customer from
be ing deleted? What about changing the Customer ID in the customer table? Will that change also
change the CustomerID in the order table or prevent the change? You can define all th at behavior within
the foreign key definition . A rule may be set up for deletions and for updates. Here are the possible
values:

• CASCADE : Applies the same action to the foreign key table.

• NO ACTION: Prevents the deletion or update and rolls back the transaction.

• SET NULL: Sets the value of the foreign key columns to NULL.

• SET DEFAULT: Sets the value ofthe foreign key columns to the default values.
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Here is the syntax for creating foreign keys with update and delete rules:

CREATE TABLE <tablel> «coIl> <dat a type>,<co12> <data type>,
CONSTRAINT <foreign key name> FOREIGN KEY «COIl» REFERENCES <table2> «co13»
[ON DELETE [NO ACTIONICASCADEISET NULLISET DEFAULT]]
[ON UPDATE [NO ACTIONICASCADEISET NULLISET DEFAULT]])

By default, the NO ACTION option applies ifno rule is defined. In this case, ifyou attempt to delete a
customer who has placed one or more orders, SQLServer willreturn an error message and roll back the
transaction. To use SET NULL, the columns making up the foreign keymust allow NULL values. To use SET
DEFAULT, the columns makingup the foreign key must have defaults defined. The other requirement is
that the default values must be a valid value that satisfies the foreign key. Type in and execute the code
in Listing 9-5 to learn how these rules work.

Listing 9-5. Using Update an d Delete Rules

USE tempdb ;
GO
--1
IF OBJECT_ID('table2') IS NOT NULL BEGIN

DROP TABLE table2;
END;

IF OBJECT ID( 'tablel ') IS NOT NULL BEGIN
DROP TABLE tablel;

END;

-- 2
CREATE TABLE tablel (coIl INT NOT NULL PRIMARY KEY,

co12 VARCHAR(20) , co13 DATETIME);

-- 3 default rules
PRINT 'No action by default';
CREATE TABLE table2 (co14 INT NULL DEFAULT 7,

colS VARCHAR(20) NOT NULL ,
CONSTRAINT pk_table2 PRIMARY KEY (co15),
CONSTRAINT fk table2 tablel FOREIGN KEY (co14) REFERENCES tablel(coll)
); --

--4
PRINT 'Adding to tablel ';
INSERT INTO tablel(coll,co12,co13)
VALUES(l, ' a ' , ' 1/ 1/ 2009' ) , (2, ' b' , ' 1/ 2/ 2009' ) , (3, 'c ', '1/3/2009'),

(4, ' d', ' 1/4/ 2009' ), (5, ' e ' , ' 1/ 6/ 2009' ) , (6, 'g ' , '1/7/2009') ,
(7, ' g' , '1/8/2009 ');

--S
PRINT 'Adding to table2 ';
INSERT INTO table2(co14,colS)
VALUES(l, ' abc' ) , (2, 'def '),(3, ' ghi' ) ,

(4, ' j kl' ) ;
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--6
SELECT co14, co15 FROM table2;

--7
PRINT 'Delete from tablel'
DELETE FROM tablel WHERE coIl = 1;

--8
ALTER TABLE table2 DROP CONSTRAINT fk_table2_tablel;

--9
PRINT 'Add CASCADE';
ALTER TABLE table2 ADD CONSTRAINT fk table2 tablel

FOREIGN KEY (co14) REFERENCES tablel(coll)
ON DELETE CASCADE
ON UPDATE CASCADE;

--10
PRINT 'Delete from tablel';
DELETE FROM tablel WHERE coIl = 1;

--11
PRINT 'Update tablel ';
UPDATE tablel SET coIl = 10 WHERE coIl = 4;

--12
ALTER TABLE table2 DROP CONSTRAINT fk_table2_tablel;

--13
PRINT 'Add SET NULL';
ALTER TABLE table2 ADD CONSTRAINT fk table2 tablel

FOREIGN KEY (co14) REFERENCES tablel(coll)
ON DELETE SET NULL
ON UPDATE SET NULL;

--14
DELETE FROM tablel WHERE coIl = 2;

--15
ALTER TABLE table2 DROP CONSTRAINT fk_table2_tablel;

--16
PRINT 'Add SET DEFAULT';
ALTER TABLE table2 ADD CONSTRAINT fk table2 tablel

FOREIGN KEY (co14) REFERENCES tablel(coll)
ON DELETE SET DEFAULT
ON UPDATE SET DEFAULT;

--17
PRINT 'Delete from tablel';
DELETE FROM tablel WHERE coIl = 3;

CHAPTER 9 • MOVING LOGIC TO THE DATABASE
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--18
SELECT co14, co15 FROM tab1e2j

Figure 9-7 shows the information and error messages that result from running the script. Code
section 1 drops tablel and table2 if they exist. Statement 2 creates table1. Statement 3 creates table2 with
a foreign key referencing table1 with the default NO ACTION rules. In my experience, most of the time the
default NO ACTION is in effect preventing updates and deletions from the referenced table, as in statement
3. Statements 4 and 5 add a few rows to the tables. Statement 7 deletes a row from table1. Since that
deletion violates the foreign key rules, the statement rolls back and produces an error.

___...JI Messages 1..... _
No action by default
Adding to tablel
Adding to table2
Dele te f rom tablel

sg 547, level 16, State 0, Li ne 40
The DELETE state ent conflicted ith the REFERE CE constraint "fk_table2_tablel".
The conflict occurred in database "te pdb", table "dbo.table2", colu n ·co14'.
The statement has been t er minat ed.
Add CASC/.DE
Delete f rom t able1
Updat e tablel
Add SET /lULL
Add SET DEFAULT
Delet e f rom table!

Figure9-7. The resultsofapplying foreign key rules

Statement 8 drops the foreign key constraint so that statement 9 can re-create the foreign key with
the CASCADE options. Statement 10, which deletes the row from table1 with coIl equal to 1, succeeds. The
CASCADE rule also automatically deletes the matching row from table2 . (Figure 9-8 shows how table2
looks after population and at the end of the script.) Statement 11 changes the value of coIl in table1 to 10
where the value is equal to 4. The CASCADE rule automatically updates the matching row in table2 .

Statement 12 drops the foreign key constraint so that statement 13 can re-create the foreign key
with the SET NULL option. Statement 14 deletes a row from table1. The SET NULL rule automatically
changes the matching value in table2 to NULL.

Statement 15 drops the foreign key constraint so that statement 16 can re-create the foreign key
with the SET DEFAULT option. Statement 17 deletes a row from table1. The SET DEFAULT rule automatically
changes the matching value in table2 to the default value 7. Finally, statement 18 displays the rows after
all the automatic changes. Review the script again . Except for the INSERT statement, the script contains
no other explicit changes to the data in table2. The rule in effect at the time of each data change to table1
automatically made changes to the data in table2 .
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Figure 9-8. Theresults ofchanges basedon foreign keyoptions

Defining Automatically Populated Columns
You have seen automatically populated columns used in the "Inserting Rows into Tables with
Automatically Populating Columns" section in Chapter 6. This section will show you how to define
IDENTITY columns, ROWVERSION columns, COMPUTED columns, and columns with DEFAULT values . Here are
the syntax examples:

--IDENTITY
CREATE TABLE <table name> «coIl> INT NOT NULL IDENTITY[«seed>,<increment»],

<coIl> <data type»

--ROWVERSION
CREATE TABLE <table name> «COIl> <data type>,<co12> ROWVERSION)

--COMPUTED column
CREATE TABLE <table name> «COIl> <data type>,<co12> AS <computed column definition>

[PERSISTED])

--DEFAULT column
CREATE TABLE <table name> «COIl> <data type> DEFAULT <default value or function»

Several rules apply to using these column types :

• A table may contain only one IDENTITY column

• Bydefault, IDENTITY columns begin with the value 1 and increment by 1.
You can specify different values by specifying seed and increment values .

• You may not insert values into IDENTITY columns unless the IDENTITY_INSERT
setting is turned on for the table and session.

• A table may contain only one ROWVERSION column.

• The ROWVERSION value will be unique within the database.

• You may not insert values into ROWVERSION columns.
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• Each tim e you update th e row, th e ROWVERSION value cha nges.

• A tabl e may contain multiple COMPUTED columns.

• Do not specify a data type for COMPUTED columns .

• You may not insert values into COMPUTED columns .

• By specifying the option PERSISTED, the datab ase engine stores th e value in the
table.

• You can defin e indexes on PERSISTED COMPUTED columns.

• You can specify other non-COMPUTED columns, literal valu es, an d scalar functions
in the COMPUTED column definition .

• You do not need to specify a value for a column with a DEFAULT value defined .

• You can use express ions with literal values and scalar fun ctions, but not other
column names with DEFAULT value columns.

• If a value is specified for a column with a DEFAULT, th e specified value applies .

• If a column with a DEFAULT value specified allows NULL values, you can still specify
NULL for th e column.

• Note While asequence does enable you to autopopulate values ina table, it isadatabase object and is not
dependent upon the table. You create SEQUENCES apart from tables and reference them inyour INSERT

statements.

Listing 9-6 demonst rat es creating an d populat ing tables with th ese automatica lly populat ing
columns . Type in and execute th e code to learn more.

Listing 9-6. Defin ing Tables with Automatically Populating Columns

USE tempdb;
GO

--1
IF OBJECT ID( 'table3 ') IS NOT NULL BEGIN

DROP TABLE table3;
END;

--2
CREATE TABLE table3 (coIl VARCHAR(10),

idCol INT NOT NULL IDENTITY,
rvCol ROWVERSION ,
defCol DATETIME2 DEFAULT GETDATE(),
calcCol1 AS DATEADD(m,l,defCol),
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calcCo12 AS call + '.' + call PERSISTED);
GO

--3
INSERT INTO table3 (call)
VALUES (' a' ), (' b' ), (' c' ), (' d'), (' e' ), (' g' );

--4
INSERT INTO table3 (call, defCol)
VALUES ('h', NULL),('i', '1/1/2009');

--S
SELECT call, idCol, rvCol, defCol, calcCol1, calcCo12
FROM table3;

calcCo2calcColl

2011·07-0622:14:22.7300000 a:a
2011-07·0622:14:22.7300000 b:b

2011·07-06 22:14:22.7300000 c:c

' Oll .fl7.!lh 71'14'71 nooooo ri 'ri

2011-07-06 22:14:22.7300000 e:e

2011·07-0622:14:22.7300000 9:9

U~ hn
2OOS02-o100:00:00.0000000 jj

li<0000000000ll007D5

li<0000000000ll007D6

li<0000000000ll007D7

li<0000000000ll007D8

rvCoJ
li<0000000000ll007D1

li<0000000000ll007D2

li<0000000000ll007D3
fMlllOOllOIlOIlOOOOin4

2
3
4

5

6

7

8

c

ri

b

e

9
h

1

2
3
4

5

6
7

8

Figure 9-9 shows the results. Statement 1 drops table3 if it exists. Statement 2 creates table3 with
one regular column, coil, and several other columns that may be automatically populated. Statement 3
inserts several rows into table3, specifying values only for col I . Statement 4 inserts two more rows,
specifying values for coil and the column with a DEFAULT value, defCol. Notice that the first row inserted
in statement 4 specifies NULL for defCol. Statement 5 just returns the results.

If you run the script more than once, you will see that the ROWVERSION column, rvCol, contains
different values each time. Notice, also, that in the row where co!l equals h, both devCol and caleCol! also
contain NULL. That is because statement 4 explicitly inserted a NULL value into defCol. Since the value for
caleCol! is based on defCo! and any operation on NULL returns NULL, calcCo!1 also contains a NULL in that
row. Statement 4 inserts a row with another explicit value for defCol, and caleCol! reflects that as well.

Resu S _LI~~~~ ~~ ~~~~~ ~~~~
coil ideol
r;--l 1
~-_._._;

Figure 9-9. The results ofpopulating a table with automatically populating columns

Even though the main purpose of database tables is to store data, you can enforce many business
rules by the table definition. Practice what you have learned by completing Exercise 9-1.
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EXERCISE 9-1

Use the AdventureWorks2012 database tocomplete this exercise. You can find the solutions inthe
Appendix.

1. Create a table called dbo.testCustomer. Include a CustomerlD that isan identity
column primary key. Include FirstName and lastName columns. Include an Age
column with a check constraint specifying that the value must be less than 120.
Include an Active column that isone character with a default ofYand allows only
YorN. Add some rows tothe table.

2. Create a table called dbo.testOrder. Include a CustomerlD column that isa foreign
key pointing todbo.testCustomer. Include an OrderlD column that isan identity
column primary key. Include an OrderDate column thatdefaults tothe current date
and time. Include a ROWVERSION column. Add some rows tothe table.

3. Create atable called dbo.testOrderDetail. Include an OrderlD column that isa
foreign key pointing todbo.testOrder. Include an integer ItemlD column, a Price
column, anda Oty column. The primary key should be acompositekey composed
ofOrderlD and ItemlD. Create acomputed column called LineltemTotal that
multiplies Price times Oty. Add some rows to the table.

Views
SQLServer stores data in tables, but you can create objects, called views, that you query just like tables.
Views don't store data; they are just saved query definitions. Developers can use views to simplify
coding. For example, in the AdventureWorks2012 database, the Person.Person table contains name
columns for several other tables, such as the HumanResources.Employee tab le. You could create views
to join the Person.Person table to the other tables so that you would always have the name columns
available, therefore simp lifying queries for reports.

You can also simplifysecurity by using views. You can give a user permission to select data from a
view when the user doesn 't have permission to select data from the tables comprising the view. This
keeps users from seeing or modifying data that they should not access .

• Note An indexed view, also known as a materialized view, actually does contain data. SOL Server Express
doesn't support indexed views, so this section doesn't cover them. See Books Online formore information about
creating and using indexed views.
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Creating Views
Creating viewsis easy. Youcan create viewsusing most SELECT statements, including those made with
common table expressions. For example,you might want to create a viewthat lists all the customers in
the Sales.Customer table from the AdventureWorks2012 database along with their names from the
Person.Person table. Youcould use that viewinstead of the Sales.Customer table in other queries. Here
is the syntax to create, alter, and drop views:

CREATE VIEW <view name> AS SELECT <coIl>, <co12> FROM <table>
ALTER VIEW <view name> AS SELECT <COIl>, <co12> FROM <table>
DROP VIEW <view name>

Typein and execute the code in Listing9-7 to learn how to create and use views.

Listing 9-7. Creating and Using a View

USE AdventureWorks2012;
GO

--1
IF OBJECT_ID('dbo.vw_Customer') IS NOT NULL BEGIN

DROP VIEW dbo.vw_Customer;
END;
GO

--2
CREATE VIEW dbo.vw Customer AS

SELECT c.CustomerID, c.AccountNumber, c.StoreID,
c.TerritoryID, p.FirstName, p.MiddleName,
p.LastName

FROM Sales.Customer AS c
INNER JOIN Person.Person AS p ON c.PersonID p.BusinessEntityID

GO

--3
SELECT CustomerID,AccountNumber,FirstName,

MiddleName, LastName
FROM dbo.vw_Customer;

GO

--4
ALTER VIEW dbo.vw Customer AS

SELECT c.CustomerID,c.AccountNumber,c.StoreID,
c.TerritoryID, p.FirstName,p.MiddleName,
p.LastName, p.Title

FROM Sales. Customer AS c
INNER JOIN Person.Person AS p ON c.PersonID p.BusinessEntityID

GO
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--5
SELECT CustomerID,AccountNumber,FirstName,

Middl eName, LastName, Title
FROMdbo.vw Customer
ORDER BY CustomerIDj

Figure 9-10 shows the results. Code section 1 drop s the view if it already exists . Code section 2
creates the view. Notice that th e GO statements sur round th e CREATE VIEW code so that it has its own
batch . Any time you create or alter a view, th e code must be containe d within a batch th at has no other
code except for comments. Notice th at th e view begins with th e characters vw_, designating that it is a
view, not a table. Often comp an ies will have naming convent ion s such as th is; be sure to find out
whe the r your shop requires special naming for views . Statement 3 selects several of the columns from
th e view. At th is po int, you coul d include a WHERE clau se, include an ORDER BY clause, or involve th e view
in an aggrega te query if you wanted. Basically, you can treat th e view like a table in a SE LECT statement.
Sta tement 4 alters the view by adding a column. Sta tement 5 is another SE LECT sta tement, which
includes th e new column and an ORDER BY clause.

Resu s

CustomeriD AccountNumber FII'Sl ame ame Last Name

1
r···..········..·········..........l

Catherine R. ,AbelL.~.~.?................l AWOOO29485
2 29486 AWOOO29486 Kim NULL Pbercrombie

3 29487 AWOOO29487 Humberto NULL Acevedo

4 29484 AWOOO29484 Gustavo NULL Achong
5 29488 AWOOO29488 Pilar NULL Ackennan

6 28866 AWOOO28866 Aaron B Adams

7 13323 AWOOO13323 Adam NULL Adams

8 21139 AWOOO21139 ,Alex C Adams

CustomeriD AccountNumber RrstName iddleName Last ame TIle

1 [~...~..~~::.......~.............JAWOOO11000 Jon V Yang NUll

2 11001 AWOOO11001 Eugene l Huang Ull

3 11002 AWOOO11002 Ruben NUll Torres NUll. 11003 AWOOO11oo3 Chri~ NUll Zhu lUll..
5 11004 AWOOO11004 Bizabeth NUll Johnson Ull

6 11005 AWOOO11005 Julio NUll Ruiz Ull

7 11006 AWOOO11006 Janel G fllvarez NUll

8 11007 AWOOO11007 /lt arco NUll /lt ehta Ull

Figure 9-10. The results of creating and using a view

To see the view in SQL Server Management Studio, navigate to th e Views sec tion of th e
AdventureWorks2012 datab ase. You will see th e newly creat ed view along with several views th at ship
with th e datab ase. Notice that eac h of th e pre-existing views belongs to on e of th e sche mas in th e
datab ase. Just like tables, you can script out th e definition or bring up a graphica l designer. Figure 9-11
shows th e graphical designer for th e view.
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SElEU- c.CustomerID, c.AccountNumber, c StoreJD, c.Territo,yJD, p.FirstNane, p.MiddleNa":;-e, p.LastName, p.Title-
FROM Saes.Customer ASc INNER JOIN

Person.PersonASP ONc.PersonlD= p.BusinessEntityID

Figure9-11. Thegraphicaldesignerfor views

Avoiding Common Problems with Views
You may decide that you should set up views joining all the tables in the database and just write queries
against those views, but there are often problems associated with using views as the main strategy for
database development. One problem is the confusion that can result from views created on top of other
views. Tracking down logic errors becomes difficult when they are buried in layers of views. If the
underlying table structure changes, the view may produce strange results, as shown in Listing 9-8. Make
sure that you don't use views in a way that will negatively impact performance. For example, suppose
you created a view containing the customers, customer addresses, sales , and sales details tables. Ifyou
just wanted a list of customers, you could query the view but you would be also accessing tables you
didn't need to view at that time .

Developers often want to add an ORDER BY clause to a view definition. This is actually disallowed
except under specific conditions and doesn't make sense because you can always add the ORDER BY
clause to the outer query. (To add an ORDER BY to a view definition, you must add the TOP specifier to the
view. Youwill learn about TOP in Chapter 10.) In fact, the database engine doesn't guarantee that the
data will be returned in the order specified in the view definition according to the CREATE VIEW topic in
SQLServer Books Online. Type in and execute the code in Listing 9-8 to learn more about two common
problems with views.
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Listing 9-8. Common Problems Using Views

USE AdventureWorks2012;
GO

--1
IF OBJECT_ID('vw_Dept') IS NOT NULL BEGIN

DROP VIEW dbo.vw_Dept;
END;
IF OBJECT_ID('demoDept') IS NOT NULL BEGIN

DROP TABLE dbo.demoDept;
END;

--2
SELECT DepartmentID,Name,GroupName,ModifiedDate
INTO dbo.demoDept
FROM HumanResources .Department;

GO
--3
CREATE VIEW dbo.vw_Dept AS

SELECT *
FROM dbo.demoDept;

GO

--4
SELECT DepartmentID, Name, GroupName, ModifiedDate
FROM dbo.vw_Dept;

--5
DROP TABLE dbo.demoDept;
GO

--6
SELECT DepartmentID, GroupName, Name, ModifiedDate
INTO dbo.demoDept
FROM HumanResources .Department;
GO

--7
SELECT DepartmentID, Name, GroupName, ModifiedDate
FROM dbo.vw_Dept;
GO

--8
DROP VIEW dbo.vw_Dept;
GO
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--9
CREATE VIEW dbo.vw_Dept AS

SELECT TOP(100) PERCENT DepartmentID,
Name, GroupName, ModifiedDate

FROM dbo.demoDept
ORDER BY Name;

GO

--10
SELECT DepartmentID, Name, GroupName, ModifiedDate
FROM dbo.vw_Dept;

Figure 9-12 shows the results. Code section 1 drops the view and a work table in case they already
exist. Statement 2 creates the table dbo.demoDept from the HumanResources.Department table.
Statement 3 creates a view, dbo.vw_Dept, using the asterisk (*) syntax against the dbo.demoDept table.
Statement 4 selects all the rows from the view, and the results look as expected in the first result set.

Statement 5 drops the dbo.demoDept table, and Statement 6 creates and populates the table again
but with the columns in a different order. Statement 7 selects the rows from the view, but this time with
surprising results. Because the table was dropped and re-created differently, the columns in the view are
now mismatched, as shown in the second result set. The Name and GroupName columns are reversed.

Statement 8 drops the view, and statement 9 creates it while attempting to enforce a specific order
in the view definition. Statement 10 shows within the final set of results that the ORDER BY clause within
the view definition didn't make any difference.

Results

2002-06-0100:00:00.000

2002-06-0100:00:00.000

2002-06-01 00:00:00.000

2oo2-06.()1 00:00:00.000
2002-06-0100:00:00.000

1

2
3
4

5

1

2
3
4

5

DepartmentlD Name

[ 1 ---~==J Eng~eenng
2 Tool Design

3 Sales

4 Marketing
5 Purcha . 9

DepartmentlD Name

11 ---=J Researchand Development

2 Researchand Development

3 Salesand "arketNlg

4 Salesand " arketing

5 Inventory Management

Group ame

Researchand Development

Researchand Development

Saesand Marketing

Saes and Marketing

Inventory Management

GroupName M ,edDate

EngineeMg 2002-06-01 00:00:00.000

Tool Design 2002-06-01 00:00:00.000

Saes 2002-06-01 00:00:00.000

Marketing 2002-06-01 00:00:00.000

Purchasing 2002-06-01 00:00:00.000

od:fiedDate

2
3
4

5

DepartmentlD Name
,----·- 11_' ...) Engin.... nng

2 Tool Design

3 Sales

4 I arketing

5 Purchasing

GroupName

Re.earch . nd Development

Researchend Development

Salesand "'arket~g

Salesand "'arket~g

InventoryManagement

Mod iedDa'e

2OO2-OG-O ' 00:·)0:00.000

2OO2-06'()1 oo:Xl:oo.ooo

2002-06-01 oo~Xl:oo.ooo

2002-06-01oo:Xl:oo.ooo

2002-06-01oo:·Xl:oo.ooo

Figure 9-12. The results ofdemonstrating some common problems with views
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Manipulating Data with Views
So far, you have seen how you can use views to select data. You can also modify the data of a table by
updatin g a view as long as the view meets several require ments:

• Modifying the data of a view by inser ting or updating may affect only one base
table.

• You may not delete data from a view that consists of more than one table.

• The colum ns updated must be directly linked to updateable table colum ns; in
other words, you can 't update a view column based on an expression or an
otherwise non-updatable column.

• Inserts into views are possible only if all columns that require a value are exposed
through the view.

Asyou can see, modifying data through views can be much more complicated than through tables,
especially if the view is made of mor e than one table. Type in and execute the code in Listing 9-9 to learn
how to update data using views.

Listing 9-9. Modify ing Data Through Views

USE AdventureWorks2012;
GO

--1
IF OBJECT_ID('dbo .demoCustomer') IS NOT NULL BEGIN

DROP TABLE dbo.demoCustomer ;
END;
IF OBJECT_ID('dbo.demoPerson') IS NOT NULL BEGIN

DROP TABLE dbo.demoPerson;
END;
IF OBJECT ID( 'dbo.vw Customer ') IS NOT NULL BEGIN

DROP VIEWdbo.vw=Customer;
END;

--2
SELECT CustomerID, TerritoryID, StoreID, PersonID
INTO dbo.demoCustomer
FROMSales .Customer;

SELECT BusinessEntityID, Title, FirstName, MiddleName, LastName
INTO dbo .demoPerson
From Person.Person ;
GO

--3
CREATE VIEWvw Customer AS

SELECT CustomerID, TerritoryID, PersonID, StoreID,
Title, FirstName, MiddleName, LastName

FROMdbo.demoCustomer
INNER JOIN dbo.demoPerson ON PersonID = BusinessEntityID;
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GO

--4
SELECT CustomerID, FirstName, MiddleName, LastName
FROM dbo.vw Customer
WHERE CustomerID IN (29484,29486,29489,100000);

--5
PRINT 'Update one row';
UPDATE dbo.vw Customer SET FirstName = 'Kathi'
WHERE CustomerID = 29486;
--6
GO
PRINT 'Attempt to update both sides of the join'
GO
UPDATE dbo.vw Customer SET FirstName = 'Franie' ,TerritoryID = 5
WHERE CustomerID = 29489;

--7
GO
PRINT 'Attempt to delete a row';
GO
DELETE FROM dbo.vw Customer
WHERE CustomerID =-29484;

--8
GO
PRINT 'Insert into dbo.demoCustomer';
INSERT INTO dbo.vw_Customer(TerritoryID,

StoreID, PersonID)
VALUES (5,5,100000);

--9
GO
PRINT 'Attempt to insert a row into demoPerson';
GO
INSERT INTO dbo.vw_Customer(Title, FirstName, LastName)
VALUES ('Mrs. " 'Lady ', 'Samoyed');

--10
SELECT CustomerID, FirstName, MiddleName, LastName
FROM dbo.vw Customer
WHERE CustomerID IN (29484,29486,29489,100000);

--11
SELECT CustomerID, TerritoryID, StoreID, PersonID
FROM dbo.demoCustomer
WHERE PersonID = 100000;

Since this code willproduce some errors, viewthe error messages and then clickthe Resultstab (see
Figure9-1 3). Code section 1 drops the two tables and the viewinvolvedin this script if they exist.Code
section 2 creates the two tables, dbo.demoPerson and dbo.demoCustomer, using SELECT INTO
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Last Name
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statements. Since the two tab les must be in place before the view is created, the code to create
dbo.vw_Custom er is in a separate batch. Stateme nt 4 shows how three of the rows look before the data is
manipulated and is the first result set in Figure 9-13. Stateme nt 5 cha nges the first nam e of one row from
Kim to Kathi. This statement succeeds because the update affects only one ofthe tables.

Statement 6 attempts to update two of the columns . Because the FirstName column is from one
base tab le and TerritoryID is from a different base table, the update fails. Statement 7 attempts to delete
a row from the view but fails. Delet ions will work only if the view consists of one base table.

Statement 8 successfully inse rts one row into the dbo.dem oCustomer tab le through the view.
Statement 9 attempts to insert a row into dbo .demoPerson but fails because the view does not expose
the non-NULL column, BusinessEntityID, and there is no way to add a valid value . Statements 10 and 11
show the results of the script. The script up dated only one row and added one row to
dbo .demoCustomer through the view.

Resu~s-.!I~~~~~_~~~_~~~_~~

~~~~~'~-'-'I ::aav:e
I ~ ,.:: , z.,
11

I ~

r1

Figure 9-13. The results ofmanipulating data through a view

Developers can use views to simplify database programming, but care must be taken to avoid
performance and logic problems. Practice what you have learned by comp leting Exercise 9-2.

EXERCISE 9-2

Use the AdventureWorks2012 database to complete this exercise. You can find the solutions inthe
Appendix.

1. Create aview called dbo.vw_Products that displays a listofthe products from the
Production.Product table joined tothe Production.ProductCostHistorytable. Include
columns that describe the product andshow the cost historyfor each product.
Test the view by creating a query that retrieves data from the view.

2. Create aview called dbo.vw_CustomerTotals thatdisplays the total sales from the
TotalDue column per year and monthfor each customer. Test the view by creating
a query that retrieves data from the view.
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User-Defined Functions
You learned about the built-in functions available in SQLServer in Chapter 3. You can also create your
own T-SQLuser-defined functions (UDFs) that you can use in the same ways as the built -in functions.
Youwill learn about two types of user-defined functions in this chapter: scalar valued, which return one
value, and table-valued, which return record sets . Byusing UDFs, you can reuse code to simplify
development and hide complex logic.

Creating User-Defined Scalar Functions
A scalar function returns one value and may take one or more parameters. You can create your own
scalar functions to simplify your code . For example, your application may have a complex calculation
that appears in many queries. Instead of including the formula in every query, you can create and
include the function in your queries instead. Keep these facts about scalar UDFs in mind :

• UDFs can be used almost anywhere in aT-SQLstatement.

• UDFs can accept one or more parameters.

• UDFs return one value .

• UDFs can use logic such as IF blocks and WHILE loops.

• UDFs can access data, though this is not a good idea.

• UDFs can 't update data.

• UDFs can call other functions.

• The UDF definition must include a return value .

You may have noticed that scalar-valued UDFs can access data, but this is not a good use ofUDFs.
UDFs should generally not be dependent on the tables in a particular database. They should be reusable
as possible. Another problem with UDFs that access data is that the performance can be very poor,
especially when used inline in a T-SQL query . The queries within the function run for each row in the
outer query. Here is the syntax for creating, altering, and deleting user-defined scalar functions:

CREATE FUNCTION <scalar function Name> «@paraml> <data typel>,
<@param2> <data type2»

RETURNS <data type> AS
BEGIN

<statements>
RETURN <value>

END

ALTER FUNCTION <scalar function Name> ([<@paraml> <data type>,
<@param2> <data type>])

RETURNS <data type> AS
BEGIN

<statements>
RETURN <value>

END

DROP FUNCTION <scalar function name>
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Listing 9-10 demonstrates how to create and use user-defined functions. Type in and execute the
code to learn more.

Listing 9-10. Creating and Using User-Defined Scalar Functions

USE AdventureWorks2012;
GO

--1
IF OBJECT ID( 'dbo.udf Product ') IS NOT NULL BEGIN

DROP FUNCTION dbo~udf_Product;
END;
IF OBJECT ID( 'dbo.udf Delim') IS NOT NULL BEGIN

DROP FUNCTION dbo~udf_Delim;
END;
GO

--2
CREATE FUNCTION dbo .udf_Product(@num1 INT, @num2 INT) RETURNS INT AS
BEGIN

DECLARE @Product INT;
SET @Product = ISNULL(@num1 ,O) * ISNULL(@num2 ,O);
RETURN @Product;

END;
GO

--3
CREATE FUNCTION dbo .udf_Delim(@String VARCHAR(100) ,@Delimiter CHAR(l))

RETURNS VARCHAR(200) AS
BEGIN

DECLARE @NewString VARCHAR(200) = ";
DECLARE @Count INT = 1;

WHI LE @Count <= LEN(@String) BEGIN
SET @NewString += SUBSTRING(@String,@Count,l) + @Del imit er;
SET @Count += 1;

END

RETURN @NewSt ring;
END
GO

--3
SELECT StoreID, Terr itoryID,

dbo .udf_Product(StoreID, TerritoryID) AS TheProduct,
dbo .udf_Delim(FirstName,' , ') AS FirstNameWithCommas

FROMSales .Customer AS c
INNER JOIN Person.Person AS p ON c.PersonID= p.BusinessEntityID
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Figure 9-14 shows the res ults. Code sec tion 1 drops the UDFs in case they already exist. Code
section 2 creates the UDFs dbo. udf Product and dbo, udf Delim. The dbo. udf Product UDF takes two INT
parameter s. Inside the UD F, th e two paramet er s are multi plied together afterco rrecting for NULL values.
The code saves the product in a variable, @Pr oduct, which is returned .

The second UDF, dbo, udf_Delim, takes two par ameter s: @St r i ng, whic h is a VARCHAR (100), and
@Delimiter, which is a one-character string. Inside the definition, a loop builds a new string inserting th e
delimiter after each character in the orig inal string. The function returns the new string. Query 3 uses the
new functions in the SELECT list, multiplying the StoreID by the TerritoryID and adding commas to the
FirstNarne column. Each of these function are dat ab ase agnostic; you could add them to any datab ase.

Resuks I
I SlorelD TelTilorylD TheProdud Fustl ameWi hCommas

1 1 L~:.:·.·:~~:J 4 11 76 C.aJ,h.eJ J.n.e.

I ~
296 3 888 KJ.m.

298 2 596 Hu.n.b.er .t.o.
1 4 292 5 1460 G.u.s.t.a.v.o.
1 5 300 9 2700 PJJ.3J.

I ~
NULL 4 0 Aar.on .

J NULL 4 0 A.d.a.m.
I

8 NULL 1 0 AJ.e.x.
9 NULL 4 0 Al.ex.an.dr.e.

10 NULL 7 0 AJJ..s.o.n.

I " NULL 4 0 A.m.a.n.d.a.

Figure 9-14. The results ofusing two user-defined scalarfunctions

Using Table-Valued User-Defined Functions
The second type ofUDF ret urns a record se t ins tead of one value. You can't use this type ofUDF in line
wit hin a qu ery, but you can use it in p lace of a table or save the results into a te mp table or ta ble variable
for use later in your script.

The AdventureWorks2012 datab ase contains one example of a table-valued UDF. This function
accepts a@Per sonIDvalue and returns info rmation abo ut the contact. Using SSMS, navigate to the
AdventureWorks2012 datab ase, an d drill down to the dbo.ufnGetContactlnformation function via
Programmability > Functions > Table -valued Functions. Once you reach the function, righ t- click and
choose Script Function as > Create to > New Query Editor Window. You will see why this is a function
instead of a view. Because the Person.Person table contains information about contacts from many
different tables, th e function uses logic to figure out which query to run to pull the in formation. You
can't define logic like that in a view, so that is why the AdventureWorks2012 develope rs chose to create
the ta ble-valued UDF.

To work with a ta ble -valued UDF, you can select from it like a ta ble or use th e CROSS APPLY operator
to join the function to another tabl e. Here is the syntax:

SELECT <C011>,<c012> FROM <schema>.< udf name>« @param»
SELECT <c011>,<c 012> FROM <t ab1el> CROSS APPLY <udf name>«tab1el>. <c013»

Listing 9-11 dem onstra tes using th e dbo. ufnGetContactInformat ion function. Type in and exec ute to
learn more.
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Listing 9-11. Using a Table- Valued UDF

USE AdventureWorks2012;
GO

--1
SELECT PersonID,FirstName,LastName,JobTitle,BusinessEntityType
FROM dbo.ufnGetContactInformation(l);

--2
SELECT PersonID,FirstName,LastName,JobTitle,BusinessEntityType
FROM dbo.ufnGetContactInformation(7822);

--3
SELECT e.BirthDate, e.Gender, c.FirstName,c.LastName,c.JobTitle
FROM HumanResources.Employee as e
CROSS APPLY dbo.ufnGetContactInformation(e.BusinessEntityID ) AS c;

--4
SELECT sc.CustomerID,sc.TerritoryID,c.FirstName,c.LastName
FROM Sales.Customer AS sc
CROSS APPLY dbo.ufnGetContactInformation(sc.PersonID) AS c;

Figure 9-15 shows the partial results. Query 1 calls the UDF with the parameter 1. The logic inside
the UDF determines that BusinessEntitylD 1 belongs to an employee and returns that information.
Query 2 calls the UDF with parameter 7822. The logic inside the UDF determines that this
BusinessEntitylD belongs to a customer and returns the appropriate information. Query 3 uses the CROSS
APPLY operator to join the HumanResources.Employee table to the UDF. Instead of supplying an
individual value to find one name, the query supplies the BusinessEntitylD column of the
HumanResources.Employee table to the function. Columns from the UDF and the table appear in the
SELECT list. Query 4 uses CROSS APPLY to join the UDF on the Sales.Customer table . Another option, OUTER
APPLY, returns rows even if a NULL value is passed to the UDF, similar to an OUTER JOIN.
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Results

[ 1

PersonlD RrstName LastName JobTrtle BusinessEntityType

[.'.~:.'.'.~.'.:':.':::.~:.':.'::.] Ken Sanchez Chie' Executive Officer Employee

[ 1

-
PersonlD RrstName LastName JobTrtle Bus' essEntityType

r·7822........·....j Faith
Hughes NULL Consumerl.................._......,

BirthDate Gender FIrslName LastName JobTnle

1 [~.:~.~~§~.?:] M Ken SanC1eZ Chief Executive Officer

2 196~9-01 F Tem Duffy Vice President of Engineemg

3 1968·1 2·1 3 M Roberto Tamburello Engineering Manager

4 1969-01 -23 M Rob Walters Senior Tool Designer

5 1946·10-29 F Gail Erickson Design Engineer

6 1953·04·11 r, Jossef Goldberg Design Engineer

7 1981-03-27 M Dylan I, dler Researchand Developmen...

8 1980-07-06 F Diane lw argheim Research and Developmen...

CustomerlD TemtorylD FIrslName LastName

1 !"',·1"OOO....····......-i 9
Jon Yang

t ••••••••••••.•••••••••• ••••••_•••;

2 11001 9 Eugene Huang

3 11002 9 Ruben 1 0 1T'C:I

4 11003 9 Christy 2hu
5 11004 9 Bizabeth JJhnson

6 11005 9 Julio Ruiz

7 11006 9 Janet PJvarez

Figure 9..15. The partial results ofusing a table .. valued UDF

You will probably find many reasons to write scalar..valued user..defined functions. Table ..valued
UOFs are not as common. You can also create user..defined functions with a .NET language. Creating
functions with a .NET language is beyond the scope of this book. Practice what you have learn ed about
UOFs by completing Exercise 9..3.

EXERCISE 9-3

Use the AdventureWorks2012 database tocomplete this exercise. Youcan find the solutions inthe
Appendix.

1. Create auser-defined function called dbo, f n_AddTwoNumbers that accepts two
integer parameters. Return the value that isthe sumofthe two numbers. Test the
function.
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2. Create auser-defined function called dbo, Trim that takes aVARCHAR(250)
parameter. This function should trim offthe spaces from both the beginning and
the end of the string. Test the function.

3. Create afunction dbo. fn_RemoveNumbers that removes any numeric characters
from aVARCHAR(250) string. Test the function. Hint: The ISNUMERIC function
checks tosee whether astring is numeric. Check Books Online tosee how to use
it.

4. Write afunction called dbo.fnJormatPhone that takes astring of ten numbers.
The function will format the string into this phone number format: "(###) ###­
#### ." Test the function.

Stored Procedures
Stored procedures (sometimes shortened to "procs") are the workhorses ofT-SQL. Develope rs and
database administrators use them to increase security as well as encapsulate logic. Stored procedures
can contai n programming logic, update data, create other objects , and more. Essentially, stored
procedures are just saved scripts, and they can do anything that the stored procedure owner can do. Like
views, the use r of the stored proce dure doesn 't usually need to have permissions on the tables used
within the stored proce dure .

• Tip Stored procedures are often used toprevent Sal injection attacks. Hackers employing Sal injection
techniques insert Sal commands into web forms that build Sal statements dynamically. Eventually the hacker
takes over databases, servers, and networks. This problem is not unique toSal Server; other database systems
have been attacked as well.

Stored procedures and UDFs have many similari ties but have some distinct differences. One
interesting difference is that they both take parameters, bu t stored proce dures can accept special
parameters called OUTPUT parameters. These parameters can be used to get modified values from the
stored procedures. UDFs can accept parameters but can return only a single return value. A stored
procedure can also return an integer value, usually reporting the success of the stored procedure or
some other informational code. Table 9-1 shows some of the differences between stored procedures and
UDFs as well as views.
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Table 9-1. The Differences Between Stored Procedu resand User-Defi ned Functions

Feature SP Scalar UDF Table UDF View

Return tabular data Yes No Yes Yes

Update data Yes No No No

Create other objec ts Yes No No No

Call from a procedure Yes Yes Yes Yes

Can call a procedure Yes No No No

Can call a function Yes Yes Yes Yes

Can call inline No Yes No No

Use to populate a table Yes No Yes Yes

Return value required No Yes Yes (table) N /A

Return value optional Yes No No N /A

Takes parameters Yes Yes Yes No

Outpu t parameters Yes No No No

You will find that creati ng stored procedures is easy. Here's the syntax to create, alte r, drop , and
execute a stored procedure:

CREATE PROC[EDURE] <proc name> [<@paraml > <data t ype>,<@param2 > <data t ype>] AS
<st at ement s>
[RETURN <lNT>]

ALTER PROC[EDURE] <proc name> [<@paraml> <data t ype>,<@param2 > <dat a t ype>] AS
<st atement s>
[RETURN <lNT>]

EXEC <proc name> <paramvalues>

DROP PROC[EDURE] <proc name>

Some sho ps require that developers use stored procedures for all da tabase calls from their
app licatio ns. I have also heard of shops that don 't allow stored procedures at all. Chances are you will
work with stored procedures at some point in your career. Listing 9-12 shows how to create a stored
proc. Type in and execute the code to learn more.
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Listing 9-12. Creating and Using a Stored Procedure

USE AdventureWorks2012;
GO

--1
IF OBJECT_ID('dbo.usp_CustomerName') IS NOT NULL BEGIN

DROP PROC dbo.usp_CustomerName;
END;
GO

--2
CREATE PROC dbo.usp_CustomerName AS

SELECT c.CustomerID,p.FirstName,p.MiddleName,p.LastName
FROM Sales.Customer AS c
INNER JOIN Person.Person AS p on c.PersonID = p.BusinessEntityID
ORDER BY p.LastName, p.FirstName,p.MiddleName ;

RETURN 0;
GO

--3
EXEC dbo.usp_CustomerName
GO

--4
ALTER PROC dbo.usp_CustomerName @CustomerID INT AS

SELECT c.CustomerID,p.FirstName,p.MiddleName,p.LastName
FROM Sales.Customer AS c
INNER JOIN Person.Person AS p on c.PersonID = p.BusinessEntityID
WHERE c.CustomerID = @CustomerID;

RETURN 0;
GO

--5
EXEC dbo.usp_CustomerName @CustomerID = 15128;

Figure 9-16 shows the results. Code section 1 drops the stored procedure if it already exists. Code
section 2 creates the stored procedure, dbo .usp_CustomerName. The proc simply joins the
Sales.Customer table to the Person.Person table and returns several columns from those tables. Notice
that the query includes the ORDER BY clause. Unlike views, the ORDER BY clause will actually return the
rows in the order specified. Statement 3 calls the proc with the EXEC command. Code section 4 changes
the stored proc by adding a parameter and using that parameter in a WHERE clause. Statement 5 calls the
modified proc supplying a value for the @CustomerlD pa rameter. You could have left out the name of
the parameter when you called the stored procedure in this case . Supplying the name of the parameter
makes the code easier to read and understand.
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CustomerlD rust ame

1 [~~~~.=~J Catherine
2 29486 !WI

3 29487 Humberto

4 29484 Gustavo

5 29488 P~ar

6 28866 .Aaron

I ,..~~~~~~_.._.,rust ame

1 L.~_?~3.~_.._._._.J .Ange~ca

dde ame

R.

ULL

NULL

NULL

ULL

B

Last ame

Pbel

Pbercrombie

Acevedo

Achonc

Ackerman

Adams

LastName

Sames
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Figure 9-16. The partial results ofusing a stored procedure

Using Default Values with Parameters
SQLServer requires that you supply a value for each parameter unless you define a default value for the
parameter. When a parameter has a default value, you can skip the parameter when you call the stored
procedure. In that case, you will have to name the other parameters, not just rely on the position in the
list. Once you use a named parameter when calling the stored procedure, you must continue naming
parameters. You may want to get in the hab it of nam ing the parameters anyway because it makes your
code easier to understand. Here is the syntax for creating a stored procedure with default value
parameters:

CREATE PROC[EDURE] <proc name> <@param1> <data type> = <default value> AS
<statements>
[return <value>]

Listing 9-13 shows how to use default value parameters. Type in and execute the code to learn more.

Listing 9-13. Using Default Value Parameters

USE AdventureWorks2012;
GO

--1
IF OBJECT_ID( 'dbo.usp_CustomerName') IS NOT NULL BEGIN

DROP PROC dbo.usp_CustomerName;
END;
GO

--2
CREATE PROC dbo.usp_CustomerName @CustomerID INT = -1 AS

SELECT c.CustomerID,p.FirstName,p.MiddleName,p.LastName
FROM Sales.Customer AS c
INNER JOIN Person.Person AS p on c.PersonID = p.BusinessEntityID
WHERE @CustomerID = CASE @CustomerID WHEN -1 THEN -1 ELSE c.CustomerID END;

RETURN 0;
GO
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--3
EXEC dbo.usp_CustomerName 15128;

--4
EXEC dbo.usp_CustomerName ;

BamesNUll

Figure 9-17 shows the results . Code section 1 drops th e stored p roc if it exists . Cod e sec tion 2 creates
th e stored proc along with th e parameter @Cus tomerlD and th e default value -1 . In th is case, if th e user
calls th e stored p roc without a valu e for @Cus tomerlD, th e stored proc will re tu rn all th e rows. Statem ent
3 calls the stored proc with a value , and the stored proc returns the one m atching row. Sta temen t 4 calls
th e stored proc without the parameter value, and the stored proc returns all the ro ws.

Resu s I
CustornerlD FIfsl arne NddleName Last ame

r·,o5,o2Sooo_o._o0_! .Angelica
~••.~.•••.~.•••••..•••••••_•.•.J -- --
CustornerlD FIl'sl ame t.d e ame Last ame

1 [~f.!~~:~.'~~:~:] .Alfredo Ull Romero

2 11014 Sydney Ull Bennett

3 11182 Stephanie NUll Torres
-1 11170 Carol T How ard

5 11144 Edward Ull Hemandez

6 11084 lucas NUll Phillips

i 11 062 Noah D Powell

8 11022 Bhan G Zhang

Figure 9-17. The partial results ofusing a default value parameter

Using the OUTPUT Parameter
You can use an OUTPUT parameter to get back a value from a stored p roc. This is on e of those gray areas
where you may decid e to use a scalar -value UDF with a re tu rn value ins tead. In my op in ion , if th e logic is
not portabl e to any datab ase, use a store d procedure. Save sca lar-value d UDFs for truly dat ab ase­
agnos tic uses. Here is the syntax for crea ting and using an OUTPUT parameter with a stored proc:

CREATE PROC[EDURE] <pr oe name> <@par am> <dat a type> OUTPUT AS
<statements>
[return <value>]

GO

DECLARE <@var i abl e> <dat a type>
EXEC <proe name> [<@param> =] <@variable> OUTPUT
PRINT <@var i abl e>

You can include as many parameters as you need , and your OUTPUT parameter can pass a value to
th e stored proc as well as return a value . Type in and execute Listing 9-14 to learn ho w to use an OUTPUT
parameter.
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Listing 9-14. Using an OUTPUT Parameter

USE AdventureWorks2012;
GO

--1
IF OBJECT_ID('dbo.usp_OrderDetailCount') IS NOT NULL BEGIN

DROP PROC dbo.usp_OrderDetailCount;
END;
GO
--2
CREATE PROC dbo.usp_OrderDetailCount @OrderID INT,

@Count INT OUTPUT AS

SELECT @Count = COUNT(*)
FROM Sales.SalesOrderDetail
WHERE SalesOrderID = @OrderID;

RETURN 0;
GO

--3
DECLARE @OrderCount INT;
--4
EXEC usp_OrderDetailCount 71774, @OrderCount OUTPUT;
--5
PRINT @OrderCount;

Code sec tion 1 drops the stored pro c ifit exists. Code section 2 creates the stored pro c,
dbo .usp_Orde rDetailCount, along with two parameters, @OrderlD and @Count. The first parameter
accepts a SalesOrderlD value. The second parameter is the OUTPUT parameter, which returns the count of
the orders for that SalesOrderID. Stateme nt 3 crea tes a variable, @OrderCount, to be used as the OUTPUT
parameter. Stateme nt 4 calls the stor ed proc with the value for @OrderID and the variable for the
@Count param eter. In sta teme nt 5, the final value of @Count from inside the stored pro cedure saved to
the variable @OrderCount print s in the Message window. The call to the stored proc could also have
looked like this :

EXEC dbo.usp_OrderDetailCount @OrderID = 71774, @Count = @OrderCount OUTPUT .

One mistake that developers often make is to forget to use the OUTPUT keyword when calling the
stor ed pro c. To get the modified param eter value back, you must use OUTPUT.

Saving the Results of a Stored Proc in a Table
One very popular use of a stored pro cedure is to save the results in a temp or work table for later
pro cessing. When saving the results of a stored proc in a tabl e, define the table define ahead of time . All
the columns mu st be in place and of compatible data types. Here is the synt ax for inserting the rows
returned from a stored procedure into a table:

INSERT [INTO] <table name> EXEC <stored proc> [<@param value>]

Listing 9-15 shows how to save the results of a proc into a table. Type in and execute the code to
learn more.
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Listing 9-15. Inserting the Rowsfrom a Stored Proc into a Table

USE AdventureWorks2012;
GO

--1
IF OBJECT_ID('dbo.tempCustomer') IS NOT NULL BEGIN

DROP TABLE dbo.tempCustomer;
END
IF OBJECT_ID('dbo.usp_CustomerName') IS NOT NULL BEGIN

DROP PROC dbo.usp_CustomerName;
END;
GO

--2
CREATE TABLE dbo.tempCustomer(CustomerID INT, FirstName NVARCHAR(SO),

MiddleName NVARCHAR(SO), LastName NVARCHAR(SO))
GO

--3
CREATE PROC dbo.usp_CustomerName @CustomerID INT = -1 AS

SELECT c.CustomerID,p.FirstName,p.MiddleName,p.LastName
FROM Sales.Customer AS c
INNER JOIN Person.Person AS p on c.PersonID = p.BusinessEntityID
WHERE @CustomerID = CASE @CustomerID WHEN -1 THEN -1 ELSE c.CustomerID END;

RETURN 0;
GO

--4
INSERT INTO dbo.tempCustomer EXEC dbo.usp_CustomerName;

--s
SELECT CustomerID, FirstName, MiddleName, LastName
FROM dbo.tempCustomer;

Figure 9-18 shows the results. Code section 1 drops the table and stored proc if they exist. Statement
2 creates the table dbo .tempCustomer, matching up columns and data types. They don't need to have
the same names as the stored proc, but they should have the same number of columns, in the same
order, and of compatible data types. Code section 3 creates the stored procedure. Statement 4 calls the
stored proc while at the same time storing the results in dbo .tempCustomer. Query 5 returns the results .
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Resu s
- ---

CustomerlD FIfstName /v lddleName LastName

1 [2§~~~.~~'.~.=] Catherine R. ,Abel

2 29486 ~ NULL ,Abercrombie

3 29487 Humberto NULL Acevedo

4 29484 Gustavo NULL ,Adlong

5 29488 paar NULL .Ackerman

6 28866 Aaron B ,ADams

7 13323 Adum NULL Adum:l

8 21139 PJex C ,ADams

9 29170 Aexandra J ,ADams

10 19419 ison L ,ADams

11 11971 ;'manda P ,ADams

Figure 9-18. The results ofsaving the results ofa stored proc into a table

Using a Logic in Stored Procedures
So far, you have seen stored procs that don' t do much more than run queries, but stored procedures are
capable of so much more. You can include conditional code, loops, error trapping, object creation
statements, and more within stored procedures. Listing 9-16shows an example. Typein and execute the
code to learn more.

Listing 9-16. Using Logic in a Stored Procedure

USE tempdb ;
GO

--1
IF OBJECT_ID('usp_ProgrammingLogic ') IS NOT NULL BEGIN

DROP PROC usp_ProgrammingLogi c;
END ;
GO

--2
CREATE PROC usp_Programmi ngLogic AS

--2 . 1
CRE ATE TABLE #Numbers(number INT NOT NULL );
- -2. 2
DECLARE @count INT;
SET @count = ASCII( '! ') ;

--2 . 3
WHI LE @count < 200 BEGIN

INSERT INTO #Numbers(n umber ) VALUES (@count) ;
SET @count =@count + 1;

END ;
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--2.4
ALTER TABLE #Numbers ADD symbol NCHAR(l)j
--2.5
UPDATE #Numbers SET symbol = CHAR(number)j

--2.6
SELECT number, symbol FROM #Numbers

GO
--3

EXEC usp_ProgrammingLogicj

Figure 9-19 shows the results. This stored proc creates a table of numbers and the ASCII symbol for
each number. This is a simple example just to give you an idea of what you can do . Anything you have
learned in this book can be encapsulated within a stored procedure.

Resu s [

number symbol
1 1""'33"··············i!

~ _ _ .;

2 34

3 35 :::

4 36 S

5 37 %

6 38 &

7 39

8 40
9 41

Figure 9-19. The partial results ofusing a stored procedure with programming logic

CLRIntegration
T-SQL is a powerful tool for handling relational data. It is the primary tool for talking to a SQL Server
database, but even a tool as powerful and flexible as T-SQL has limitations. For example, if you want to
run large aggregate computations on relational data, T-SQL may not be the best tool. CLR (Common
Language Runtime) allows for executing .NET languages such as Visual CH, Visual C#, and Visual Basic
.NET in procedures, functions, or triggers. In fact, CLR is used by some SQL Server spatial data types
(GEOMETRY and GEOGRAPHY) and complex functions (encryption) . Without the use of .NET code these data
types and functions could not exist using standard T-SQL.

SOwhen should you use CLR and when should you use T-SQL? Though a simplified answer, CLR is
best used when you need to perform difficult procedural logic on data. T-SQL is great at selecting,
deleting, and updating data but what happens to that data in between is where CLR comes into play. For
example, CLR is especially suited for functions. Functions accept data as input but once a function has
the data, computations are performed on the data to produce an output. During the computation
process there is no need to access the database.

Creating a CLR object in SQL Server is a basically a three-step process. The first step is to create a
DLL based on the developed code. You do this in a tool like Visual Studio. To build the application you
can download a copy ofVisual Studio Express for C# from Microsoft at
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www.microsoft.com/visualstudio/en-us/products/2010-editions/visual-csharp-express. Once the
application is builtyou then create an assembly. Much likean extended stored procedure, CLR uses
application DLLs but instead of the DLL residing on the server outside ofSQL Server, the DLL is
embedded into an assembly that becomes a SQLServer object. The third step is to create the SQL Server
object (stored procedure , function, UDF) by referencing the assembly.

Let's look at a useful example that walks through these steps. The example in Listing9-17 will create
a CLR stored procedure used to create a strong, eight-character password based offof two hash keys
selected from a table.Although the procedure for building an application DLL is beyond the scope of
this chapter, I am including the C# code. Following it is the C# code used to build the application DLL.

Listing 9-17. C# Codefor Generating Passwords

using System;
using System. Collections. Generic;
using System.ComponentModel;
using System. Data;
using System.Linq;
using System. Text;
using System.IO;
using System.Data.SqlClient;
using System.Data.SqlTypes;

public partial class pwdGen
{

II private DataSet myDataset;
private string cString;
Ilprivate int myRow;
private string keyl;
private string key2;
Ilprivate string mySeed = "HashKeyMe";
private SqlConnection mySqlConnection;
private SqlDataAdapter myAdapter;
string txtUser = "";
string txtServer = "";
string password;
Iistring letters =

"abcdefghi j kmnopqrst uvwxyzABCD EFGHIJ KLMNOPQRSTUVWXYZ23456789!@#$%A&*() : ; ?<>" ;
string lcase = "abcdefghijkmnopqrstuvwxyz";
string ucase = "ABCDEFGHJKLMNOPQRSTUVWXYZ";
string ncase = "23456789";
string scase = "!@#[$%] A{&}*«) ?>";
bool OLD = true;
bool NEW = false;

private void LoadData()
{

mySqlConnection =
new SqlConnection(
"server=HOME-PC" +
";database=TEST" +
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";Integrated Security=SSPI");
mySqlConnection.Open();
II build the sql select string
cString = "SELECT Key1, Key2 FROM tblHashCode";
IlmyDataset = ConnectToData(cString, "KeyCodes");
DataSet dataset;
myAdapter = new SqlDataAdapter();
myAdapter.TableMappings.Add("Table", "KeyCodes");
SqlCommand myCommand = new SqlCommand(cString, mySqlConnection);
myAdapter.SelectCommand = myCommand;
dataset = new DataSet("KeyCodes");
myAdapter.Fill(dataset);

}

private void generate()
{

string buffer;
string buffer2;
string tempbuffer;
char[] seed = new char[l];
char[] tempchar = new char[l];
char[] myTemp = new char[l];
int i = 0;
int m= 0;
int c = 0;
int temp = 0;
int bufferval = 0;
int systemsval = 0;
boo1 direction;

buffer = key1 + txtUser.ToLower();
buffer2 = key2 + txtServer.ToLower();

m= txtServer.Length % 2;
if (m == 0)
{

}
else
{

}

tempchar[o] = (char)(tempchar[o] A buffer[x]);

352

II semi random seed
tempchar[o] = buffer[o];
for (int x = 1; x < buffer . Length;
{

}

x++)



x < buffer2.Length; x++)

tempchar[o]

for (int x = 1;
{

}
seed = tempchar;

(char)(tempchar[o] A buffer2[x]);
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myTemp[O] = (char)(seed[o] A buffer[x]);

myTemp[o] = (char)(myTemp[o] A buffer[x]);

II pre-process buffers to make 8 character password
i = 0;
tempbuffer = "";

for (int x = 0; x < buffer. Length; x++)
{

if (i == 8) i = 0;
Ilif (tempbuffer[i] == buffer[x]) tempbuffer[i]++;
if (x >= 8)
{

}
else
{

}
tempbuffer = tempbuffer + myTemp[O];
i++;

}
buffer = tempbuffer;

i = 0;
tempbuffer = "";

for (int x = 0; x < buffer2.Length; x++)
{

myTemp[O] = (char)(seed[o] A buffer2[x]);

myTemp[O] = (char)(myTemp[O] A buffer2[x]);

if (i == 8)
if (x >= 8)
{

}
else
{

}

i = 0;

i++;
tempbuffer = tempbuffer + myTemp[O];

}
buffer2 = tempbuffer;

II cycle the buffers against each other and generate modulii
c = 0;
m = 0;
password = "";

for (int x = 0; x < 2; x++)
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{
if (OLD)
{

if (c >= buffer2.Length) c = 0;
if (m >= buffer. Length) m= 0;
bufferval = buffer[m];
systemsval = buffer2[c];

}
if (direction)
{

II Lowercase letter
if (NEW)
{

c++;
m++;
if (c >= buffer2.Length) c = 0;
if (m >= buffer. Length) m= 0;
bufferval = buffer[m];
systemsval = buffer2[c];

}
temp = (bufferval * systemsval) %25;
myTemp[o] = lcase[Math.Abs(temp)];
password = password + myTemp[O];

II Uppercase letter
if (NEW)
{

c++;
m++;
if (c >= buffer2.Length) c = 0;
if (m >= buffer . Length) m= 0;
bufferval = buffer[m];
systemsval = buffer2[c];

}
temp = (bufferval * systemsval) % 25;
myTemp[O] = ucase[Math.Abs(temp)];
password = password + myTemp[o];

II Number character
if (NEW)
{

c++;
m++;
if (c >= buffer2.Length) c = 0;
if (m >= buffer. Length) m= 0;
bufferval = buffer[m];
systemsval = buffer2[c];

}
temp = (bufferval * systemsval) %8;
myTemp[o] = ncase[Math.Abs(temp)];
password = password + myTemp[O];

354



}
else
{

II Special letter
if (NEW)
{

c++;
m++;
if (c >= buffer2.Length) c = 0;
if (m >= buffer. Length) m= 0;
bufferval = buffer[m];
systemsval = buffer2[c];

}
temp = (bufferval * systemsval) %17;
myTemp[O] = scase[Math.Abs(temp)];
password = password + myTemp[o];

II Uppercase letter
if (NEW)
{

c++;
m++;
if (c >= buffer2.Length) c = 0;
if (m >= buffer. Length) m= 0;
bufferval = buffer[m];
systemsval = buffer2[c];

}
temp = (bufferval * systemsval) % 2S;
myTemp[O] = ucase[Math.Abs(temp)];
password = password + myTemp[o];

II Special letter
if (NEW)
{

c++;
m++;
if (c >= buffer2.Length) c = 0;
if (m >= buffer. Length) m= 0;
bufferval = buffer[m];
systemsval = buffer2[c];

}
temp = (bufferval * systemsval) %17;
myTemp[O] = scase[Math.Abs(temp)];
password = password + myTemp[o];

II Number character
if (NEW)
{

c++;
m++;
if (c >= buffer2.Length) c = 0;
if (m >= buffer. Length) m= 0;
bufferval = buffer[m];
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systemsval = buffer2[c];
}
temp = (bufferval * systemsval) %8;
myTemp[O] = ncase[Math.Abs(temp)];
password = password + myTemp[o];

II Lowercase letter
if (NEW)
{

c++;
m++;
if (c )= buffer2.Length) c = 0;
if (m )= buffer. Length) m = 0;
bufferval = buffer[m];
systemsval = buffer2[c];

}
temp = (bufferval * systemsval) % 25;
myTemp[O] = lcase[Math.Abs(temp)];
password = password + myTemp[o];

}
if (OLD)
{

c++;
m++;

}
}

}

II below is the sp
[Microsoft. SqlServer.Server.SqlProcedure]
public static void generatePassword(string user, string svr, out string pwd)
{

pwdGen objpwd = new pwdGen();
objpwd.txtUser = user;
objpwd.txtServer = svr;
objpwd.password = " " ;
objpwd.loadData();
objpwd.generate();
pwd = objpwd.password;

}

}

Understanding the C# code to the nth degree is not important, but there are two things to notice.
Firstly, the onlyT-SQL being executed is the T-SQLused to select from the table in the LoadData ()
function, as highlighted in Listing 9-18. Once the data is pulled from SQL Server, the C# logictakes over.
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Listing 9-18. LoadDataO Fun ction

private void LoadData()
{

mySqlConnection =
new SqlConnection(
"server=HOME-PC" +
";database=TEST" +
";Integrated Security=SSPI");

mySqlConnection .Open();
II build the sql select string
cString = "SELECT Keyl, Key2 FROM tblHashCode ";
IlmyDataset = ConnectToData(cString, "KeyCodes");
DataSet dataset;
myAdapter = new SqlDataAdapter();
myAdapter.TableMappings.Add( "Table", "KeyCodes") ;
SqlCommand myCommand = new SqlCommand(cString, mySqlConnection);
myAdapter.SelectCommand = myCommand;
dataset = new DataSet("KeyCodes");
myAdapter.Fill(dataset);

}

This LoadData () fun ction creates a connection to m y server named HOME-PC and datab ase named
TEST. If you want to run thi s code, you will need to modify th ese values to reflect your spe cific
configuration. The T-SQL pe rforms a SELECT on the tbl HashCode. The script for creating th is tabl e is in
Listing 9-20.

The other item of note is the declaration of th e stored procedure at the end of code. This declarat ion
is important because you will need to refer to it lat er whe n crea ting the assem bly in SQL Server. Listing
9-19 shows how th e stored procedure declaration is created .

Listing 9-19. SqlProcedure Call in C#

[Microsoft. SqlServer. Server.SqlProcedure]
public static void generatePassword(string user , string svr, out string pwd)
{

pwdGen objpwd = new pwdGen();
objpwd.txtUser = user;
objpwd.txtServer = svr;
objpwd.password = "" ;
objpwd.loadData();
objpwd.generate();
pwd = objpwd.password;

Once you bu ild th e DLLin Visual Studio, you can focu s on preparing th e SQL Server enviro nment.
As ment ioned, the C# code references a server, dat ab ase, an d table. You 'll need to configure th ese based
on ho w you modified th e original code. In m y case, th e server is called HOME-PC, th e dat abase is called
TEST, and the tabl e is called tbl HashCode. The table has two columns: keyl and key2. Listing 9-20
creates the tabl e.
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Listing 9-20. Create tblHashCade

USE test;

CREATE TABLE [dbo] .[tblKeyCode](
[Keyl] [varchar](100) NOT NULL,
[Key2] [varchar](100) NOT NULL

) ON [PRIMARY];

INSERT INTO tblHashCode
VALUES( 'ApressPublishing' , 'ScottShaw');

Listing 9-20 creates a table called tblHashCode and inserts two values into the table. These two
values can be anything you want and will be used by the code to generate the password. If you change
either one of the values, the application willgenerate a different password. Next,you willcreate the
assemblyand the stored procedure. Listing 9-21 takes care ofthose two tasks.

Listing 9-21. Create Assembly and Started Procedure

ALTER DATABASE test SET TRUSTWORTHY ON;

USE test;
GO

CREATE ASSEMBLY [PasswordGenerator]
AUTHORIZATION [sys]
FROMN'C :\Projects\PasswordGenerator\bin\Release\PasswordGenerator.dll '
WITH PERMISSION_SET = EXTERNAL_ACCESS;

CREATE PROC sp_passwordgenerator(@uname NVARCHAR(SO) ,@srv NVARCHAR(SO) , @pwdl NVARCHAR(SO)
OUTPUT)
AS EXTERNAL name PasswordGenerator.pwdGen .generatePassword;

You first set the database to trustworthy mode since you are creating an assemblywith the
EXTERNAL ACCESS permission. You will need to change the directorypath for the DLL to wherever it is
stored on your own system. The CREATE PROCEDURE command specifiesall the necessary input and
output variables and references the name and methods for the application. Once the stored procedure is
successfullycreated, you can execute it like any other stored procedure. Listing 9-22 shows an example
execution. Figure 9-20 shows the results.

Listing 9-22. Executing a CLR Stored Procedure

DECLARE @return_status sysname ;
DECLARE @pwdl nvarchar(so);
DECLARE @srv nvarchar(so);
DECLARE @user nvarchar(so) ;
SET @srv='HOME-PC';
SET @user ='scott ' ;
EXEC sp_passwordgenerator @user, @srv,@pwdl output;
SELECT @pwdl ;
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Resu s _...1""""==__--=-=

(No column name)
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Figure 9-20. Resultsofsp_passwordgenerator

Developers can use stored procedures for all database calls. Database administrato rs can set up
stored procedures as sched uled jobs for batch processing or for reports. CLR is now used in SQLServer
as a replacement for extended stored proce dures . Developers can use CLR to embed .NET languages in
usa ble SQLServer objects like stored procedures, functions, and data types. Now that you have seen
many of the possibilities of using store d procedures, complete Exercise 9-4 to practice what you have
learn ed.

EXERCISE 9-4

Use the AdventureWorks2012 database to complete this exercise. You can find the solutions inthe
Appendix.

1. Create astored procedure called dbo.usp_CustomerTotals instead ofaview from
question 2 inExercise 9-2. Test the stored procedure.

2. Modify the stored procedure created inquestion 1 to include a parameter
@CustomerID. Use the parameter inthe WHERE clause of the query inthe stored
procedure. Test the stored procedure.

3. Create astored procedure called dbo.usp_ProductSales that accepts a ProductlD
for aparameter andhas anOUTPUT parameter that returns the totalnumber sold
for the product. Test the stored procedure.

User-Defined Data Types
Within a database, you can create user-defined data types . User-defined data types (UDTs) are nothing
more than native data types that you have given a specific nam e. This enables you to make sure that a
particu lar type of column is consistently defined throughout the database. For examp le, databases often
contain ZIP code and phone number columns as UDTs.

Take a look at the UDTs defined for the AdventureWorks2012 database by navigating to
Programmability > Types > User-Defined Data Types. If you double-click the Phone data type, you can
see the graphical editor for the type (see Figure 9-21).

359



CHAPTER 9 • MOVING LOGICTO THE DATABASE
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Figure 9-21. The properties ofthe

The Phone dat a type is an NVARCHAR(25) that allows NULL values. The Bin ding section for Default an d
Rule are bl ank. In previous versions of SQL Serve r, you could create defaults an d rules that we re then
applie d to colum ns or UDTs, but the binding features have been deprecat ed an d sh ould n ot be used.
On ce yo u have th e dat a type define d , you can use it when defining columns in tables as any other dat a
type. Her e is the syn tax for creating a UDT:

CREATE TYPE <type name> FROM <nat i ve type and size> [NULLINOT NULL]

Listing 9-23 shows how to create a UDT . Type in an d execute the code to learn more.

Listing 9-23. Creating a User-Defined Type

USE AdventureWorks2012;
GO
IF EXISTS (

SELECT * FROM sys.types st
JOIN sys .schemas 55 ON st .schema_id = ss .schema_id
WHERE st.name = N'CustomerID ' AND ss.name = N'dbo ') BEGIN

DROP TYPE dbo.CustomerID;
END;
GO

CREATE TYPE dbo.Custome rID FROM INT NOT NULL;

Now th at th e new UDT exist s, yo u ca n use it when defin ing new tables. Ano ther type of object is
ca lled a user-defined type. This type must be create d with a .NET langu age cal led a CLR dat a type. CLR
types can con ta in multiple properties and can con ta in m ethods.
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Triggers
Triggers are a very powerful feature ofSQL Server. As with most powerful things, they can also cause
many problems. Triggers are like a special type of stored procedure that runs whenever data is modified.
You can define triggers on tables that fire when new rows are inserted or when existing rows are updated
or deleted. Triggers can insert data into auditing tables, roll back the current update, or even modify the
row that caused the trigger to fire in the first place . Obviously, they can have an impact on performance,
and care must be taken so that triggers are not used in a way that causes them to fire repeatedly because
of one update.

Any code within a trigger must be very efficient. The transaction that caused the trigger to fire can't
complete until the trigger is successfully completed. One common use of triggers is to enforce referential
integrity, or the primary key/foreign key relationships between tables . For example, a trigger that fires
when a customer is deleted from the customer table might delete all the orders for that customer. In
actuality, this use of triggers is not necessary. Database designers can use foreign key constraints to take
care of situations like this .

Traditionally, triggers were defined only on tables . Triggers defined on a database or on a server are
called DDLtriggers. These fire when operations such as creating a table or adding a login are performed.
They can be used to prevent these operations or log them, for example.

Since this is a beginning book, it doesn't cover creating triggers. Just be aware that triggers often
exist in databases and are frequently the cause of performance or logic problems that are difficult to
track down .

Thinking About Performance
This chapter covers many ways that you can add logic to the database to enforce business rules or make
development easier. One common problem is using UDFs that access data inline in a query . The
database engine will have to execute the function for each row of the query . Listing 9-24 illustrates this
point. Run the first part of the code to create the objects. Then run query 3 and see how long it takes .
Run query 4 and see how long that query takes .

Listing 9-24. PerformanceIssueswith UDFs

--RUN THIS FIRST
USE AdventureWorks2012;
GO

IF OBJECT ID('dbo.udf ProductTota1') IS NOT NULL BEGIN
DROP FUNCTION dbo~udf_ProductTota1;

END;
GO

CREATE FUNCTION dbo.udf_ProductTota1(@ProductID INT,@Year INT) RETURNS MONEY AS
BEGIN

DECLARE @Sum MONEY;

SELECT @Sum = SUM(LineTota1)
FROM Sa1es.Sa1esOrderDetai1 AS sod
INNER JOIN Sa1es.Sa1esOrderHeader AS soh

ON sod.Sa1esOrderID = soh.Sa1esOrderID
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WHERE ProductID = @ProductID AND YEAR(OrderDate) = @Year;

RETURN ISNULL(@Sum,o);

END;
GO
--TO HERE

--3 Run this by itself to see how long it takes
SELECT ProductID, dbo.udf ProductTotal(ProductID, 2004) AS SumOfSales
FROM Production.Product -
ORDER BY SumOfSales DESC;

--4 Run this by itself to see how long it takes
WITH Sales AS (

SELECT SUM(LineTotal) AS SumOfSales, ProductID,
YEAR(OrderDate) AS OrderYear

FROM Sales.SalesOrderDetail AS sod
INNER JOIN Sales.SalesOrderHeader AS soh

ON sod.SalesOrderID = soh.SalesOrderID
GROUP BY ProductID, YEAR(OrderDate)

)
SELECT p.ProductID, ISNULL(SumOfSales,o) AS SumOfSales
FROM Production.Product AS p
LEFT OUTER JOIN Sales ON p.ProductID = Sales.ProductID

AND OrderYear = 2004
ORDER BY SumOfSales DESC;

On my laptop, query 3 takes 6 or 7 seconds to run, and query 4 takes 1 second. Since the user­
defined function must access the Sales.SalesOrderDetail table once for everyproduct, it takes a lot of
resources. Unfortunately, the execution plans, ifyou choose to compare them, don't accurately reflect
the difference. On my computer, query 4 takes 100 percent of the resources in the execution plans, but I
know that is not true since query 4 runs so much faster.

Database Cleanup
Youhave created quite a fewobjects during this chapter. Youcan either run the script in Listing 9-25
(alsoavailableon the catalogue page for this book at www.apress.com) to clean up the objects from the
examplesor reinstall the sample databases according to the instructions in the "Installingthe Sample
Databases" section in Chapter 1.

Listing 9-25. Database Cleanup

USE AdventureWorks2012;
GO

IF OBJECT_ID('vwCustomer') IS NOT NULL BEGIN
DROP VIEW vwCustomer;

END;
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IF OBJECT_ID('vw_Dept') IS NOT NULL BEGIN
DROP VIEW dbo.vw_Deptj

ENDj

IF OBJECT_ID('demoDept') IS NOT NULL BEGIN
DROP TABLE dbo .demoDeptj

ENDj
IF OBJECT_ID('dbo.demoCustomer') IS NOT NULL BEGIN

DROP TABLE dbo.demoCustomerj
ENDj
IF OBJECT_ID('dbo .demoPerson') IS NOT NULL BEGIN

DROP TABLE dbo.demoPersonj
ENDj

IF OBJECT ID('dbo.vw Customer') IS NOT NULL BEGIN
DROP VIEW dbo.vw=Customerj

ENDj

IF OBJECT_ID('dbo.udf_Product') IS NOT NULL BEGIN
DROP FUNCTION dbo.udf_Productj

ENDj

IF OBJECT ID( 'dbo.udf Delim') IS NOT NULL BEGIN
DROP FUNCTION dbo~udf_Delimj

ENDj

IF OBJECT_ID('dbo.usp_CustomerName') IS NOT NULL BEGIN
DROP PROC dbo.usp_CustomerNamej

ENDj

IF OBJECT_ID('dbo .usp_OrderDetailCount') IS NOT NULL BEGIN
DROP PROC dbo.usp_OrderDetailCountj

ENDj

IF OBJECT_ID('dbo.tempCustomer') IS NOT NULL BEGIN
DROP TABLE dbo.tempCustomerj

END

IF OBJECT_ID( 'dbo.usp_CustomerName') IS NOT NULL BEGIN
DROP PROC dbo.usp_CustomerNamej

ENDj

IF OBJECT_ID('usp_ProgrammingLogic') IS NOT NULL BEGIN
DROP PROC usp_ProgrammingLogic

ENDj

IF OBJECT ID('dbo.CustomerID') IS NOT NULL BEGIN
DROP TYPE dbo .CustomerID

ENDj

IF OBJECT ID( 'dbo.udf ProductTotal') IS NOT NULL BEGIN
DROP FUNCTION dbo~udf_ProductTotalj
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END;

IF OBJECT_ID ('dbo.testCustomer') IS NOT NULL BEGIN
DROP TABLE dbo.testCustomer;

END;

IF OBJECT ID( 'dbo.testOrder') IS NOT NULL BEGIN
DROP TABLE dbo.testOrder;

END;

IF OBJECT_ID('dbo.testOrderDetail') IS NOT NULL BEGIN
DROP TABLE dbo.testOrderDetail;

END;

IF OBJECT ID('dbo.vw Products') IS NOT NULL BEGIN
DROP VIEW dbo.vw=Products;

END;

IF OBJECT_ID('dbo.vw_CustomerTotals') IS NOT NULL BEGIN
DROP VIEW dbo.vw_CustomerTotals;

END;

IF OBJECT ID( 'dbo.fn AddTwoNumbers') IS NOT NULL BEGIN
DROP FUNCTION dbo.fn_AddTwoNumbers;

END;

IF OBJECT_ID('dbo.Trim') IS NOT NULL BEGIN
DROP FUNCTION dbo.Trim;

END

IF OBJECT_ID('dbo .fn_RemoveNumbers') IS NOT NULL BEGIN
DROP FUNCTION dbo .fn_RemoveNumbers;

END;
IF OBJECT_ID('dbo.fn_FormatPhone') IS NOT NULL BEGIN

DROP FUNCTION dbo.fn_FormatPhone;
END;

IF OBJECT_ID( 'dbo.usp_CustomerTotals ') IS NOT NULL BEGIN
DROP PROCEDURE dbo.usp_CustomerTotals;

END;

IF OBJECT_ID('dbo.usp_ProductSales') IS NOT NULL BEGIN
DROP PROCEDURE dbo .usp_ProductSales;

END;

IF EXISTS (
SELECT * FROM sys.types st
JOIN sys.schemas ss ON st.schema_id = ss.schema_id
WHERE st.name = N'CustomerID ' AND sS.name = N'dbo') BEGIN

DROP TYPE [dbo].[CustomerID];
END;
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DROP DATABASE [TEST];

Summary
SQLServer contains many ways to enforce business rules and ensure data integrity. You can set up
primary and foreign keys, constraints, and defaults in table definitions. You can create user-defined
functions, stored procedures, views, and user-defined data types to add other ways to enforce business
rules . You have many options that you can use to make development simpler and encapsulate logic.
Each new version ofSQL Server adds new data types and functions . Chapter 10 covers some of the new
data types added with SQLServer 2012. The new updates to data types related to geography and
geometry are especially interesting.
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CHAPTER 10

Working with Data Types

You have learned how to retrieve data from SQLServer table s in a number of ways: through simple
queries, through joins, with functions, and more. You have learned to manipulate data, write scripts, and
create database objects. Essentially, you have learned the T-SQLbasics. Not only have you learned these
skills, but you have learned to think about the best way to solve a problem, not just the easy way.

This chapter introduces some of the more inte resting and complex data types available in SQL
Server 2012. You will learn about sparse columns, CLR dat a types (HIERARCHYID, GEOMETRY, and
GEOGRAPHY), enhanced date and time data types , large-value dat a types (MAX), and FILESTREAM dat a. Some
of these, such as the CLR data types , are nothing like the traditional dat a types you have been usin g
throughout this book. This chapter provides a glimpse of these interesting new data types .

Chapters 1 through 9 covered the important skills you need to become a proficient T-SQL
developer. Since this chapter covers "bonus material, " it doesn't contain exercises. I encourage you to
practice working with any of the new data types that interest you or that you think will be benefi cial in
your job.

Large-Value String Data Types (MAX)
Older versions of SQLServer used NTEXT and TEXT data types to represent large values . Microsoft has
deprecated those types , which means that in some future release of SQLServer, NTEXT and TEXT will no
longer work. For now, howe ver, the deprecated data types still work in SQLServer 2012. Going forward,
you should replace these data types with VARCHAR(MAX) and NVARCHAR(MAX).

The TEXT and NTEXT data types have many limitations. For example, you can 't decla re a variable of
type TEXT or NTEXT, use them with most fun ctions, or use them with in most search criteria. The MAX data
types represent the benefits of both the regular string data types and the TEXT and NTEXT data types when
storing large strings. They allow you to store large amounts of data and offer the same functionality of
the traditional dat a types .

When creating string data types , you supply a number of characters. Instead of supplying a number,
use the word MAX when the data is going to surpass the maximum normally allowed. Table 10-1 lists the
differences between the string value data types.
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Table 10-1. The String Data Types

Name Type Maximum Characters Character Set

CHAR Fixed width 8,000 ASCII

NCHAR Fixed width 4,000 Unicode

VARCHAR Variablewidth 8,000 ASCII

NVARCHAR Variable width 4,000 Unicode

TEXT Variable width 21\31 - 1 ASCII

NTEXT Variable width 21\30 - 1 Unicode

VARCHAR( MAX) Variable width 21\31 - 1 ASCII

NVARCHAR(MAX) Variable width 21\30 -1 Unicode

You workwith the MAX string data types just like you do with the traditional types for the most part.
Type in and execute Listing 10-1 to learn how to work with the MAX types.

L isting 10-1. Using VARCHAR(MAX)

--1
CREATE TABLE #maxExample (maxCol VARCHAR(MAX) ,

line INT NOT NULL IDENTITY PRIMARY KEY) ;
GO

--2
INSERT INTO #maxExample(maxCol)
VALUES ( 'This is a varchar(max)') ;

--3
INSERT INTO #maxExample(maxCol)
VALUES (REPLICATE('aaaaaaaaaa' ,9000));

--4
INSERT INTO #maxExample(maxCol)
VALUES (REPLICATE(CONVERT(VARCHAR(MAX) , 'bbbbbbbbbb') ,9000));

--S
SELECT LEFT(MaxCol ,10) AS Left10,LEN(MaxCol) AS varLen
FROM#maxExample;

GO
DROP TABLE #maxExample ;
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Figure 10-1 shows the results. Statement 1 creates a temp table, #maxExample, with a VARCHAR(MAX)
column. Statement 2 inserts a row into the table with a short string. Statement 3 inserts a row using the
REPLICATE function to create a very large string. If you look at the results, the row inserted by statement 3
contains only 8,000 characters. Statement 4 also inserts a row using the REPLICATE function. This time
the statement explicitly converts the string to be replicated to a VARCHAR(MAX) . That is because, without
explicitly converting it, the string is just a VARCHAR. The REPLICATE function, like most string functions,
returns the same data types as supplied to it. To return a VARCHAR(MAX), the function must receive a
VARCHAR(MAX) . Statement 5 uses the LEFT function to return the first ten characters of the value stored in
the maxCol column, demonstrating that you can use string functions with VARCHAR(MAX). Attempting to
use LEFT on a TEXT column will just produce an error.lt uses the LEN function to see how many characters
the column stores in each row. Only 8,000 characters of the row inserted in statement 3 made it to the
table since the value wasn't explicitly converted to VARCHAR(MAX) before the REPLICATE function was
applied.

Left10 varLen

1 [:~.~i~-~·.:===J 22
2 aaaaaaaaaa 8000

3 bbbbbbbbbb 90000

Figure 10-1. The results ofusing the VARCHAR(MAX) data type

Ifyou get a chance to design a database, you may be tempted to make all your string value columns
into MAX columns. Microsoft recommends that you use the MAX data types only when it is likely that you
will exceed the 8,000- or 4,000-character limits. To be most efficient, size your columns to the expected
data.

Large-Value Binary Data Types
You probably have less experience with the data types that store binary data. You can use BINARY,
VARBINARY, and IMAGE to store binary data including files such as images, movies, and Word documents.
The BINARY and VARBINARY data types can hold up to 8,000 bytes. The IMAGE data type, also deprecated,
holds data that exceeds 8,000 bytes, up to 2GB. In SQL Server versions 2005 and greater, always use the
VARBINARY(MAX) data type, which can store up to 2GB of binary data, instead ofIMAGE.

Creating VARBINARY(MAX) Data
To store data into a VARBINARY(MAX) column, or any of the binary data columns, you can use the CONVERT
or CAST function to change string data into binary. Using a program written in a .NET language or any
language type that supports working with SQL Server 2012, you can save actual files into VARBINARY(MAX)
columns. In this simple demonstration, you will add data by converting string data. Type in and execute
Listing 10-2 to learn more.
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Listing 10-2. Using VARBINARY(MAX) Data

USE AdventureWorks2012;

--1
IF OBJECT_ID('dbo.BinaryTest') IS NOT NULL BEGIN

DROP TABLE dbo.BinaryTest;
END;

--2
CREATE TABLE dbo.BinaryTest (DataDescription VARCHAR(50),

BinaryData VARBINARY(MAX));

GO

--3
INSERT INTO dbo.BinaryTest (DataDescription,BinaryData)
VALUES ('Test 1', CONVERT(VARBINARY(MAX), 'this is the test 1 row')),

('Test 2', CONVERT(VARBINARY(MAX), 'this is the test 2 row'));

--4
SELECT DataDescription, BinaryData, CONVERT(VARCHAR(MAX), BinaryData)
FROM dbo.BinaryTest;

Figure 10-2 shows the results. Code section 1 drops the dbo.BinaryTest table ifit already exists.
Statement 2 creates the dbo.BinaryTest table containing the BinaryData column of type VARBINARY(MAX) .
Statement 3 inserts two rows. To insert data into the BinaryData column, it must be converted into a
binary type. Query 4 displays the data. To read the data, the statement converts it back into a string data
type.

Resu s

1

2

-
Data Description BinaryData

l~;-st'l--~~~=~ Ox746S6973206973207468652074657374203120726F77
Test2 Ox746S6973206973207468652074657374203220726F77

- -
(No co lumn name)

thisis the test 1row

thisis the test 2 row

Figure 10-2. The results ofusing a VARBINARY(MAX) column

Using FILESTREAM
Often database applications involving files, such as images or Word documents, store just the path to the
file in the database and store the actual file on a share in the network. This is more efficient than storing
large files within the database since the file system works more efficiently than SQL Server with
streaming file data. This solution also poses some problems. Since the files live outside the database, you
have to make sure they are secure. You can't automatically apply the security setup in the database to
the files . Another issue is backups. When you back up a database, how do you make sure that the
backups of the file shares are done at the same time so that the data is consistent in case of a restore?

The FILESTREAM object solves these issues by storing the files on the file system but making the files
become part of the database. You do this by adding the word FILESTREAM to the VARBINARY(MAX) column.
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The SQLServer instance mu st be configure d to allow FILESTREAM data, and the dat abase mu st have a
file group defined . Adven tureWorks2012 has the file group defined, and ifyou installed your SQLServer
instan ce according to the instructions in Chapter 1, the configuration should be in place.

For this demonstration, you will need to find the folder on your computer that stores the file data.
Inside the Object Explorer in SQLServer Management Studio, right-click the AdventureWorks2012
database and choose Prop erties. Click the Files page and scroll until you can see the file location of the
FileStreamDocuments folder. Figure 10-3 shows the location on my system.

~ Scnpt • IiJ Help

Databasename: 1-"'r.,.,.....Wo1<.201.

Owner: I·· ~

P" Usef teodirxl""'lg

Databa.e fdes:

l.ogicaI Name I Fie Type IFiI~ I htlal Size(loiS) I .Autogrov.th / Maxsize I Path

Mvent.....Work.20 12_oata RowsData PRIMARY 205 By16MB. lJnImlted ~ C:\
M ventteWorks2012_log log Not "'wlicable 3 By10percent. lJnImlted ~C:\

FilestreamDocunert. FILESTREAM Data FILESTREAM 3 Urimted ~ C:\Prograrr

. 1 1 .!..l
Md I Remove I

Figure 10-3. The location ofthe FileStreamDocuments folder on my system

• Note If you didn't enable FILESTREAMduring the initial install you can still enable FILESTREAMthrough the Sal
Server Configuration Manager. The tool is located inunder the Sal Server 2012 folder inyour Windows Programs
folders inthe Start menu. When you open the tool you'll need toselect the properties for the instance and then
enable FILESTREAM. Sal Server Books Online has clear instructions on how toaccomplish this at
http ://msdn.microsoft.com/en-us/library/cc645923(v=SQL.ll0).aspx.
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Ifyou don't see a FILESTREAM file. you can simply add one by clicking on the Add button. Name it
whatever name you want but be sure to select Filestream data from the file type drop-down and then
add the directory path to where you want SQLServer to create the files. Now that you have a working
FILESTREAM data file. run the code in Listing 10-3.

Listing 10-3. Working with a FILESTREAMColumn

USE AdventureWorks2012;

--1
IF OBJECT_ID('dbo.NotepadFiles') IS NOT NULL BEGIN

DROP TABLE dbo.NotepadFiles;
END;

--2
CREATE table dbo.NotepadFiles(Name VARCHAR(2S),

FileData VARBINARY(MAX) FILESTREAM,
RowID UNIOUEIDENTIFIER ROWGUIDCOL

NOT NULL UNIQUE DEFAULT NEWSEQUENTIALID())

--3
INSERT INTO dbo.NotepadFiles(Name,FileData)
VALUES ('test1.txt', CONVERT(VARBINARY(MAX), 'This is a test')),

('test2.txt', CONVERT(VARBINARY(MAX), 'This is the second test'));

--4
SELECT Name,FileData,CONVERT(VARCHAR(MAX),FileData), RowID
FROM dbo.NotepadFiles;

Figure 10-4 shows the results. Code section 1 drops the NotepadFiles table in case it already exists.
Statement 2 creates the NotepadFiles table. The Name column holds the file name. The FileData column
is the FILE STREAM column. To create the FILESTREAM column. specify the FILESTREAM keyword when
creating a VARBINARY(MAX) column. The RowID column is a special data type called ROWGUIDID. The
NEWSEQUENTIALID function populates the RowID column. This function creates a unique value for each
row, which is required when using FILESTREAM data.

Results

Name FileData

[lesi l.lXlI n.c5468697320697320612074657374
lest2.lXl n.c5468697320697320746865207365636F6E642074657374

(NocoIurmname)

lhslS a lest

lhs ~ the second lest

RowlD

278EB51A·AOF3·EOl l-8CSA-0800273864D9
288EB51A·AOF3-EOll-8CSA-0800273864D9

Figure 10-4. The results ofpopulating a FILESTREAMcolumn

Statement 3 inserts two rows into the table. The data to be inserted into the FileData column must
be of type VARBINARY (MAX) so the statement converts it. Statement 4 shows the results. The FileData
column displays the binary data. By converting it to VARCHAR(MAX), you can read the data. Navigate to the
appropriate folder on your system. You should see a Documents folder as well as the database files for all
the databases hosted on the instance. Inside the Documents folder is a folder with a unique identifier
name; this folder corresponds to the Production. Documents table since it has a FILESTREAM column.
Figure 10-5 shows the Documents folder on my system.
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Name

[ SmOG

fdlle3c1-88f7-4932-aa27-5897fb2826fd

LJ filestream.hdr

Figure 10-5. The Documents folder

Date moditied Type

10 0/2011 9:02 PM Fil~ folder

10110/2011 9:02 PM Filefolder

10110/2011 9:02 PM HDRFile

Size
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1 KB

Ifyou navigate further down to the actual files, you will see two files that can be opened in Notepad.
When working with a production database, the user would have an application that opens the file
through calls to SQL Server with the appropriate program, not by navigating to the actual file.

When you delete a row from the NotepadFiles table, the corresponding file on disk will also
disappear. Ifyou drop the table, the entire folder will disappear. Run this code, and then check the
Documents folder once again.

DROP TABLE NotepadFiles;
CHECKPOINT;

The database engine doesn't delete the folder until the database commits all transactions to disk,
called a checkpoint. By running the CHECKPOINT command, you force the checkpoint.

FileTables
Building offfrom the FILESTREAM technology, SQL Server 2012 provides an exciting new feature called
FileTables. FileTables allow you to store files like movies, documents, or music in a SQL Server table but
still access them through Windows Explorer or through another application. The fact that these files are
stored in SQL Server is transparent to the user but, because they are stored in the database, you get all
the benefits of a relational database, such as the ability to query file properties using T-SQL.

Since the data stored in a FileTable is not your normal data, you will need to first tell SQL Server to
treat the data differently. You do this by telling SQL Server the data is non-transactional. A FileTable
requires a directory name so you create one in your ALTERDATABASE statement. I choose the name
FileTableDocuments. After running the ALTERDATABASE script, you are now able to create a FileTable.
In my example, I created a FileTable name MyDocuments that points to a directory called Mise
Documents. As you'll see later, the Mise Documents folder will be created under the
FileTableDocuments folder. Listing 10-4 shows both queries.

Listing 10-4. Creating a FileTable

USE AdventureWorks2012;
GO

ALTER DATABASE AdventureWorks2012
SET FILESTREAM (NON_TRANSACTED_ACCESS FULL, DIRECTORY NAME 'FileTableDocuments');

GO

CREATE TABLE MyDocuments AS FileTable
WITH (

FileTable_Directory = 'Mise Documents',
FileTable_Collate_Filename = SQL_Latinl_General_CPl CI AS
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) ;
GO

One thing to note is when creating the FileTable I needed to change the collation. The
AdventureWorks2012 database is case-sensitive and FileTables can't be created in databases with case­
sensitive collation. The collation I specified in the CREATE TABLE statement is case-insensitive. Also note I
did not include any column names in my CREATE TABLE statement. This is because a FileTable has a
default set of columns that can't be altered. These columns refer to key metadata information on the file
stored in the table .

Now that you have the FileTable created, you can do the fun part. There are two ways to get to the
directory, or contents, of the table. The first way is through SQLServer Management Studio. If you
navigate to the Tables folder under the AdventureWorks2012 database, you will notice an additional
folder called FileTabies . If you expand the folder, you will see the table created in Listing 10-4. Right-click
on the table and select "Explore FileTable Directory." Figure 10-6 shows where the FileTable object can
be found in SSMS.

B SQL20120EMO(SQL Serve r 11.0.2100 - SQL20120EMO\6.dministrato

B Databases

r±l System Databases

r±l Database Snapshots

B
r±l Database Diagrams

B Tables

r±l System Tables

B FileTables

r±l dbo.MyDOOJments

r±l dbo.AWBuildVerslon

r±l dbo.DatabaseLog

Figure 10-6. FileTable in SSMS

Once the folder opens, notice the full path to the directory in the address bar. In my case, the full
path is \ \Scott-pc\mssqlserver\FileTableDocuments\Misc Documents. This leads to the second method
of getting to the folder. You can access this folder by typing the UNC path in the run bar under your
Windows Start menu. This is also the path you can share with other users who need to place files in the
directory.

Right now the FileTable is empty, as is the folder. You can confirm this by executing a SELECT
statement against the table and noticing that no rows are returned. So let 's put a file in the folder. You
can either create a new file like a .txt file or you can copy an existing file into the directory. In my
example, Iwill right -click on the empty directory and create a blank text file called FileTableTest. txt .
Figure 10-7 shows the partial results of my SELECT statement.

D Reouh

pothJocator parett.Pll1hJoc"or I _l)1)e cac!>ed_IJe_"" ae""",,_lnle
1 . TexI%>l CltFE9:950D9DD4810FED10166971A894F98DOC204&EO NUll w 0 201H().12084&:58.0&81943 .Q5.00

Figure 10-7. Viewing a document in a FileTable

You now have a text document stored in a database table, but it can be viewed through Windows
Explorer as if it is stored on a filesystem. Ifyou delete the file from the folder, the row will be removed
from the table. If you delete the row from the table, the file will be removed from the folder. This means
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you ge t all th e benefit s of a re la t ion a l database in clu ding all th e backup and recovery optio ns SQL Server
offer s but with the sim plicity of Windows file navigation.

Enhanced Date and Time
Previous ve rsions of SQL Server have the DATETIME an d SMALLDATE time data types for working wi th
temporal data. One b ig complaint by developers h as been th at th ere wasn' t an easy way to store just
dates or just time. SQL Server 201 2 con tains several temporal data types. You h ave a ch oice of using the
DATE and TIME data types as we ll as the DATETIME2 an d DATETIMEOFFSET data types.

Using DATE, TIME, and DATETIME2
You can store ju st a date or time value by u sing the new DATE and TIME data types. The t raditional
DATETIME and SMALLDATETIME data types default to 12 a.m . when you don't specify th e time. You can also
specify a p re cision, from zero to seve n decimal place s , when using the TIME and DATETIME 2 data types.
Type in and execute Listi ng 10-5 to learn how to use th e new types.

Listing 10-5. Using DATE and TIME

USE tempdb ;

--1
IF OBJECT ID( 'dbo.DateDemo') IS NOT NULL BEGIN

DROP TABLE dbo.DateDemo;
END;

--2
CREATE TABLE dbo.DateDemo(JustTheDate DATE, JustTheTime TIME(l),

NewDateTime2 DATETIME2(3), UTCDate DATETIME2) ;

--3
INSERT INTO dbo.DateDemo (JustTheDate, JustTheTime, NewDateTime2 ,

UTCDate)
VALUES (SYSDATETIME() , SYSDATETIME() , SYSDATETIME(), SYSUTCDATETIME());

--4
SELECT JustTheDate, JustTheTime, NewDateTime2, UTCDate
FROM dbo.DateDemo;

Figure 10-8 shows the resu lts . Code section 1 drops th e dbo.DateDemo table ifit a lready exists .
Statement 2 creates the dbo.DateD emo table with a DATE , a TIME, an d two DATETIME2 colum ns. Notice
that the TIME and DATETIME2 columns h ave the precision specified . The d efault is seven places if a
precision is not specifie d . Statemen t 3 inserts a ro w in to the table using the n ew SYSDATETIME function.
This function works like the GETDATE function excep t that it has greate r precision than GETDATE. The
statemen t populates the UT CDate colu m n with the SYSUTCDATETIME function, which provides the
Coordinate d Universal Time (UT C). Statement 4 shows the results. The JustTheDate value shows that
even though the SYSDATETIME function popul ated it , it store d only the d ate. The JustTheTime values
stored only the time with one decimal place past the secon ds. The Ne wDate Time2 colu m n store d both
th e d ate and tim e wi th th ree decim al pl ac es . The UTCDate column stored th e UTC date along wi th
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seven dec imal pl ac es. Sin ce th e computer running this demo is in Central time, th e t im e is five hours
different.

JustTheDale JustTheIme

[~?,~5~~::,] 10:09:57.9

NewDaleT1lI1e2 UTCDale
2011-QS-D6 10:09:57.884 201 1-D8-D6 15:09:57.8837890

Figure 10-8. The results ofusing the new date and time data types

Most business ap plications won 't require the default preci sion of seven places found with the TIME
an d DATETIME2 types. Be sure to specify the required preci sion when creating tables with columns of
these types to save space in your dat ab ase.

Using DATETIMEOFFSET
The new DATETIMEOFFSET data type contains, in addit ion to th e dat e and tim e, a time zone offset fo r
working wi th dates and times in differe nt tim e zo nes. Th is is th e d iffere nce between the UTC date/time
an d the store d dat e. Along with the n ew d at a type, several n ew functions for working with
DATETIMEOFFSET ar e avai lable. Type in and execu te Listing 10-6 to learn how to work wi th this new dat a
type.

Listing 10-6. Using the DATETIMEOFFSET Data Type

USE tempdb ;

--1
IF OBJECT_ID('dbo.OffsetDemo') IS NOT NULL BEGIN

DROP TABLE dbo.OffsetDemo;
END;

--2
CREATE TABLE dbo.OffsetDemo(Date1 DATETIMEOFFSET);

--3
INSERT INTO dbo.OffsetDemo(Date1)
VALUES (SYSDATETIMEOFFSET()),

(SWITCHOFFSET(SYSDATETIMEOFFSET() , '+00:00')),
(TODATETIMEOFFSET(SYSDATETIME(), '+05 :00'));

--4
SELECT Date1
FROM dbo.OffsetDemo;

Figure 10-9 sh ows the results. Code section 1 drops the dbo.OffsetDemo table if it exis ts . Stat ement
2 creates the table with a DATETIMEOFFSET colum n, Dat el. Stat ement 3 in serts three ro ws in to the table
using the n ew functions for working with the n ew dat a types. The SYSDATETIMEOFFSET function returns
the d at e an d time on the se rver along with the time zo ne offset. Th e com p u te r I am using is five hours
behind UTC, so th e value -05:00 ap p ears afte r th e current dat e and t im e. Using the SWITCHOFFSET
fu nct io n, you can swi tc h a DATETIMEOFFSET value to another tim e zo ne. Notice that by swi tch ing to

376



CHAPTER 10 . WORKING WITH DATA TYPES

+00:00, the UTC time, the date and time values adjust. Byusing the TODATETIMEOFFSET function, you can
add a time zone to a regular date and time.

Re s
-~----~~~

r-Date1
1 [2011~0:12-:54-.44-62-890--~~1

2 2011-08-0615:12:54.4462890 +00:00

3 2011-08-06 10:12:54.4736328 +05:00

Figure 10-9. The results ofusing DATETIMEOFFSET

The new data type and functions may be useful to you if you work with data in different time zones.
When time changes go into effect, such as Daylight Saving Time, the offsets don't adjust. Keep that in
mind if you choose to work with DATETIMEOFFSET.

HIERARCHYID
The HIERARCHYID data type is used to represent hierarchical relationships in data, for example, family
trees, organizational charts, or directory structures. This data type is a CLR data type (you were
introduced to CLRin Chapter 9), which means that it can contain multiple properties instead of just one
value . The HIERARCHYID column also has methods, which means that columns and variables of this type
can "do something" and not just contain a value . The HIERARCHYID data type originally shipped with SQL
Server 2008, and you can use it even if you don't want to create any custom types.

You learned about joining a table to itself in the "Self-Joins" section in Chapter 4. In older versions
of AdventureWorks, the ManagerID column points back to the EmployeeID column in the
HumanResources.Employee table. To follow the org chart from this table, you must recursively follow
the chain of command from the CEO down each manager-employee path to the lowest employee, which
is pretty difficult to do with T-SQL. Chapter 11 covers how to do this in the "Writing Recursive Queries"
section. The AdventureWorks20l2 database replaces the self-join with OrganizationalNode, a
HIERARCHYID column, which is much easier to query.

Viewing HIERARCHYID
Ifyou just write a query to view the OrganizationalNode in the HumanResources.Employee table, you
will see binary data. That is because CLRdata types are stored as binary values. To view the data in
readable form, you must use the ToString method ofthe type . The OrganizationalLevel column in the
table is a computed column based on OrganizationalNode using the GetLevel method. Type in and
execute Listing 10-7 to view the data.

Listing 10-7. Viewing the OrganizationalNode

USE AdventureWorks2012;
GO

SELECT BusinessEntityID,
SPACE((OrganizationLevel) * 3) + JobTitle AS Title,
OrganizationNode, Organization Level,
OrganizationNode.ToString() AS Readable

FROM HumanResources.Employee
ORDER BY Readable;
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Figure 10-10 shows the partial results. As ment ioned, the Organ izationalNode data is mean ingless
unl ess you use the ToString method as in the Readable column. By using the SPACE fun ction to indent
the JobTitle column from the table to produce the Title column in the results and by sorting on the
Readable column, you can see the relationship s between the job titles in the data.

Resu s

BusinessEnt4y1D Tille Org "zation ode OrganizationLevel Re3dable

1 [!~=~~~=:~".=~~=] Olet Executive Off~er 0. 0 /

2 2 Vice President of Eng eenng 0.58 1 / 1.'

3 3 Engineering " anager o.SACO 2 / 1.'11
4 4 Senior Tool ~.ign~ llxSAOG 3 / 111/1/

5 5 Design Eng" eer o.5ADA 3 / 1.'1/2/

6 6 DesignEng" eer o.5ADE 3 / 1.'113/

7 7 Research and Developmem Manager o.5AE1 3 / 1.'114/

8 8 Research and D~velopment Eng eer o.5AEl58 4 /1.'1/4/11

9 9 Research and Development Eng" eer o.5AEl68 4 / 1.'114/2/

10 10 Research and Developrneot " anager o.5AE1 78 4 11.'1/4/3/

11 11 SeniorTool Designer o.5AE3 3 /1.'115/

12 12 Tool Desig er o.5AE358 4 / 1.'1/5/11
13 13 Tool Dc:ligncr lb<5AE36S 4 / 1/1/5/2/

14 14 Senior Design Engneer o.5AE5 3 11.'1/ 6/

15 15 DesignEng" eer o.5AE7 3 / 1.'1/7/

16 16 " ari<eting I lanager 0.68 1 12'
17 17 ti ari<etingAssista o.6AC0 2 12.'1/

Figure 10-10. The partial results ofquerying the HumanResources.Employee tab le

The very first nod e in the hierarchy is the CEO, or Chief Executive Officer, of the company,
represented as a slash (/) in the Readable column. The level for the CEO is 0, which you can see in the
computed colu mn Organizat ionLevel. Several employees have an Organizat ionLevel of 1; these
employees report directly to the CEO. If you scrolI down th rough alI the results, you will see that these
have a value, 1 through 6, in between two slashes . The Vice Presiden t of Enginee ring is the first node in
level 1. The Marketing Manager is the second node in level 1. Each of these employees has oth er
employees reporting to them. Those employees have a level of 2. For example, the Engineering Man ager
reports to the Vice President of Engineering and has a Readable value of /1/1/. Four employees report to
the Engineering Man ager. These employees all have Readable values that begin with /1/1/ along with an
additional value, 1 through 4.

Creating a Hierarchy
As you can see from the previous example, querying hierarchical data using HIERARCHYID is not difficult.
Maintaining the data, however, is mu ch more challenging. To add a new value or update existing values,
you mu st use the bu ilt-in methods of the data type. Ifyou have worked with nodes and pointers in other
programming languages, you will find this to be very similar. To learn how to insert nodes using these
methods to crea te hierarchical data, type in and execute the code in Listing 10-8.
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Listing 10-8. Creating a Hierarchy with HIERARCHYID

Use tempdb;

--1
IF OBJECT_ID('SportsOrg') IS NOT NULL BEGIN

DROP TABLE SportsOrg;
END;

--2
CREATE TABLE SportsOrg

(DivNode HIERARCHYID NOT NULL PRIMARY KEY CLUSTERED,
DivLevel AS DivNode.GetLevel(), --Calculated column
DivisionID INT NOT NULL,
Name VARCHAR(30) NOT NULL);

--3
INSERT INTO SportsOrg(DivNode,DivisionID,Name)
VALUES(HIERARCHYID::GetRoot(),l, 'State');

--4
DECLARE @ParentNode HIERARCHYID, @LastChildNode HIERARCHYID;

--S
SELECT @ParentNode = DivNode
FROM SportsOrg
WHERE DivisionID = 1;

--6
SELECT @LastChildNode = max(DivNode)
FROM SportsOrg
WHERE DivNode.GetAncestor(l) = @ParentNode;
--7
INSERT INTO SportsOrg(DivNode,DivisionID,Name)
VALUES (@ParentNode.GetDescendant(@LastChildNode,NULL),
2, 'Madison County');

--8
SELECT DivisionID,DivLevel,DivNode.ToString() AS Node,Name
FROM SportsOrg;

Figure10-11 shows the results. Youmight be surprised how much code was required just to insert
two rows! Codesection 1 drops the SportsOrgtable if it already exists. Statement 2 creates the SportsOrg
table with the DivisionID and Name columns to identifyeach divisionor team. The DivNode column is a
HIERARCHYID column, and the DivLevel is a computed column. Statement 3 inserts the first row, the root,
into the table. Takea close look at the INSERT statement. Instead of inserting a value into DivNode, the
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statem en t uses the name of the dat a type along with the GetRoot method. Of course, since the DivLevel is
computed colu mn, you don't insert any thin g into the column.

Resuhs

1

2

-
DivisionlD DivLevel

[T.·.·~.·.·.~·....~·.·.·] 0
2 1

Node Name

/ Slate

/ 1/ Madison County

Figure10-11. The results ofcreating a hierarchy

To insert the second and subsequent nodes, you have to use the GetDescendant method ofthe
parent node. You also have to dete rmin e the last child ofthe pa rent. Statement 4 declares two variables
needed to accomplish th is. Statement 5 saves the parent into a variable . Statement 6 saves the last child
of the parent into a variable. In this case, there are no children just yet. Statem ent 7 inserts the row using
the GetDescendant method. If the second argume nt is NULL , the method returns a new child that is grea ter
than the child node in the first argume nt. Finally, query 8 displays the data.

Using Stored Procedures to Manage Hierarchical Data
Working with HIERARCHYID can be pretty complicated, as shown in the previous section. If you decide to
use this data type in your applications , I recommend that you create stored pro cedures to encapsulate
the logic and make coding your appli cat ion much easier. Listin g 10-9 contains a stored pro cedure to add
new rows to the table. Type in and execute the code to learn more.

Listing 10-9. Using a Stored Procedure to Insert New Nodes

USE tempdb;
GO

--1
IF OBJECT_ID('dbo .usp_AddDivision') IS NOT NULL BEGIN

DROP PROC dbo.usp_AddDivision;
END;
IF OBJECT_ID('dbo.SportsOrg') IS NOT NULL BEGIN

DROP TABLE dbo.SportsOrg;
END;
GO

--2
CREATE TABLE SportsOrg

(DivNode HierarchyID NOT NULL PRIMARY KEY CLUSTERED,
DivLevel AS DivNode .GetLevel(), --Calculated column
DivisionID INT NOT NULL,
Name VARCHAR(30) NOT NULL);

GO

--3
INSERT INTO SportsOrg(DivNode,DivisionID,Name)
VALUES(HIERARCHYID ::GetRoot(),l, ' St at e' ) ;
GO
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--4
CREATE PROC usp_AddDivision @DivisionID INT,

@Name VARCHAR(50),@ParentID INT AS

DECLARE @ParentNode HierarchyID, @LastChildNode HierarchyID;

--Grab the parent node
SELECT @ParentNode = DivNode
FROM SportsOrg
WHERE DivisionID = @ParentID;

BEGIN TRANSACTION
--Find the last node added to the parent
SELECT @LastChildNode = max(DivNode)
FROM SportsOrg
WHERE DivNode.GetAncestor(l) = @ParentNode;
--Insert the new node using the GetDescendant function
INSERT INTO SportsOrg(DivNode,DivisionID,Name)
VALUES (@ParentNode.GetDescendant(@LastChildNode,NULL),

@DivisionID,@Name);
COMMIT TRANSACTION;

GO

--5
EXEC usp_AddDivision 2, 'Madison County' ,1;
EXEC usp_AddDivision 3, 'Macoupin County' ,1;
EXEC usp_AddDivision 4, 'Green County' ,1;
EXEC usp_AddDivision 5, 'Edwardsville' ,2;
EXEC usp_AddDivision 6, 'Granite City' ,2;
EXEC usp_AddDivision 7, 'Softball' ,5;
EXEC usp_AddDivision 8, 'Baseball' ,5;
EXEC usp_AddDivision 9, 'Basketball' ,5;
EXEC usp_AddDivision 10, 'Softball',6;
EXEC usp_AddDivision 11, 'Baseball' ,6;
EXEC usp_AddDivision 12, 'Basketball' ,6;
EXEC usp_AddDivision 13, 'Ages 10 - 12' ,7;
EXEC usp_AddDivision 14, 'Ages 13 - 17' ,7;
EXEC usp_AddDivision 15, 'Adult' ,7;
EXEC usp_AddDivision 16, 'Preschool' ,8;
EXEC usp_AddDivision 17, 'Grade School League' ,8;
EXEC usp_AddDivision 18, 'High School League' ,8;

--6
SELECT DivNode.ToString() AS Node,

DivisionID, SPACE(DivLevel * 3) + Name AS Name
FROM SportsOrg
ORDER BY DivNode;

Figure 10-12 shows the results. Code section 1 drops the stored procedure and table if they already
exist. Statement 2 creates the table, and statement 3 inserts the root as in the previous section. Code
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section 4 creates the stored procedure to insert new nodes. The stored procedure requires the new
DivisionID and Name values along with the DivisionID ofthe parent node. Inside the stored proc, an
explicit transaction contains the code to grab the last child node and perform the insert. If this were part
of an actual multiuser application, it would be very important to make sure that two users didn't
accidentally insert values into the same node position. Byusing an explicit transaction, you avoid that
problem. Code section 5 calls the stored procedure to insert each node. Finally, query 6 retrieves the
data from the SportsOrg tab le. The query uses the same technique from the previous section utilizing the
SPACES function to format the Name column results .

Results

ode DivisionlO Name

1 LZ~~~:~=~~','] 1 Slate

2 / 1/ 2 Madison County

3 / 1/1/ 5 EdwardsviDe

4 / 1/1/1/ 7 SoftbaH

5 / 1/1/1/"/ 13 ~esl 0·12

6 / 1/ 1/ 1121 14 ~es 13·1 7

7 / 1/1/1/3/ 15 Adu

8 / 1/1/2/ 8 BasebaU

9 / 1/1/2/'/ 16 Preschoo

10 / 1/ 1I2flJ 17 Grade SC1001League

11 / 1/1/2/3/ 18 gh School League

12 / 1/1/3/ 9 Baskelba

13 / 1/2/ 6 Gran"e Oty

14 / 1/2/1/ 10 SoftbaD
15 / 11212/ 11 BasebaU

16 / 1/2/3/ 12 Baskelba

17 /2/ 3 acoupinCounty

18 /3/ 4 GreenCounty

Figure10-12. The resultsofusing a storedprocedureto insert new rows

Deleting a node is easy; you just delete the row. Unfortunately, there is nothing built into the
HIERARCHYID data type to ensure that the children of the deleted nodes are also deleted or moved to a
new parent. You will end up with orphaned nodes if the deleted node was a parent node. You can also
move nodes, but you must make sure that you move the children of the moved nodes as well. Ifyou
decide to include the HIERARCHYID in your applications, be sure to learn about this topic in depth before
you design your application. See Books Online for more information about how to work with
HIERARCHYID.

Spatial Data Types
In the previous section, you learned about the CLR data type HIERARC HYID. SQLServer 2012 has two other
CLR data types, GEOMETRY and GEOG RA PHY, also known as the spatial data types. The GEOMETRYdata type
might be used for a warehouse application to store the location of each product in the warehouse. The
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GEOGRAPHY data type can be used to store data that can be used in mapping software. You may wonder
why two types exist that both store locations. The GEOMETRY data type followsa "flat Earth" model, with
basically X, Y, and Z coordinates.The GEOGRAPHY data type represents the "round Earth," storing
longitude and latitude. These data types implement international standards for spatial data.

Using GEOMETRY
By using the GEOMETRY type, you can store points, lines, and polygons. You can calculate the difference
between two shapes, determine whether they intersect, and much more. Just like HIERARCHYID, the
database engine stores the data as a binaryvalue. GEOMETRY also has many built-in methods for working
with the data. Type in and execute Listing 10-10 to learn how to use the GEOMETRY data type with some
simple examples.

Listing 10-10. Using the GEOMETR YData Type

USE tempdb;
GO

--1
IF OBJECT_ID( 'dbo.GeometryData') IS NOT NULL BEGIN

DROP TABLE dbo.GeometryData;
END;

--2
CREATE TABLE dbo.GeometryData (

Point1 GEOMETRY, Point2 GEOMETRY,
Line1 GEOMETRY, Line2 GEOMETRY,
Polygon1 GEOMETRY, Polygon2 GEOMETRY);

--3
INSERT INTO dbo.GeometryData (Point1, Point2, Line1, Line2, Polygon1, Polygon2)
VALUES (

GEOMETRY: :Parse('Point(14)') ,
GEOMETRY: :Parse( 'Point(2 5)'),
GEOMETRY::Parse('LineString(14, 2 5)') ,
GEOMETRY::Parse('LineString(4 1, 5 2, 7 3, 10 6)'),
GEOMETRY: :Parse('Polygon((l 4, 2 5, 5 2, 0 4, 1 4))'),
GEOMETRY: :Parse( 'Polygon((l 4, 2 7, 7 2, 04, 1 4))')) ;

--4
SELECT Point1.ToString() AS Point1, Point2.ToString() AS Point2,

Line1.ToString() AS Line1, Line2.ToString() AS Line2 ,
Polygon1.ToString() AS Polygon1, Polygon2.ToString() AS Polygon2

FROMdbo .GeometryData;

--5
SELECT Point1.STX AS Point1X, Point1.STY AS Point1Y,

Line1.STIntersects(Polygon1) AS Line1Poly1Intersects,
Line1.STLength() AS Line1Len ,
Line1.STStartPoint().ToString() AS Line1Start,
Line2.STNumPoints() AS Line2PtCt ,
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Polygon1 .STArea() AS Poly1Area ,
Polygon1.STIntersects(Polygon2) AS Poly1Poly2Intersects

FROM dbo.GeometryData;

Figure 10- 13 shows the res u lts. Code section 1 drops th e dbo .Geomet ryData tabl e if it already exis ts .
Statement 2 creates the ta ble along with six GEOMETRY colum ns each named for the type of shape it will
conta in . Even th ough this exam ple named the shape types, a GEOMETRY colum n ca n store any of th e
shapes; it is n ot limited to one shape. Sta te men t 3 inserts one ro w in to the table using the Parse m ethod.
Qu ery 4 displays the data using the ToString m ethod so that you can read th e data. Notice that th e data
returned from the ToString m ethod looks jus t like it do es when insert ed. Qu ery 5 demonstrates a few of
th e m ethods ava ilable for working with GEOMETRY data. For exa m ple, you can display the X an d Y
coor dinates of a point, det ermine th e length or area of a shape, det ermin e whethe r two shapes in tersect,
and count the number of points in a shape.

PoIylPoIy2lrt....ects

1

PoIyllvea
4

I.x>e1Len l.ine lSlatl '-"e 2P1Q
1,4142135623731 POlrn (14) 4

PonlX Poi1tlY l.inelPoIyl lrter:ed.
[ 1 .] 4 1

ReSlJll.

I Ponl Pon2 '-"e l '-"e 2 Polygon1 PoIygon2

L1 [POIH~ POI T (2 5) L1 NESTRING (1 4. 2 5) LI ESTRIUG(4 1. 5 2. 7 3. 10 6) POLYGON ((14. 2 5. 52 . 04 . 14» POLYGO I «14.2 7.72. 04. 1 4»

11
Figure 10-13. The results ofusing the GEOMETRY type

Using GEOGRAPHY
The GEOGRAPHY dat a type is even m or e inter est in g than the GEOMETRY type . With the GEOGRAPHY type, you
ca n store longitude an d latitude values for ac tual locati ons or areas. Just like the GEOMETRY type, you can
u se several built-in m ethods to wo rk with th e data. You can also extract the dat a in a special XML format
th at can be used along with Microsoft 's Virtual Ear th application. Unfortunate ly, int egratin g th e
GEOMETRY dat a with th e Virtual Ear th is beyond th e sco pe of th is book. To learn m ore about creating
Virtual Earth applications with SQL Server Geometry dat a, see th e book Beginning Spatia l with SQL
Server 200Bby Alastair Aitchison (Apress, 2009).

The AdventureWorks2012 dat ab ase contains one GEOMETRY column in th e Person.Address tabl e.
Type in and execute th e code in Listing 10-11 to learn more.

Listing 10-11. Using the GEOGRAPHYData Type

USE AdventureWorks2012;
GO

--1
DECLARE @OneAddress GEOGRAPHY;

--2
SELECT @OneAddr ess = Spat ialLocat ion
FROM Person. Address
WHERE AddressID = 91;
--3
SELECT AddressID,PostalCode, Spat i al Locat i on. ToSt r i ng( ) ,

@OneAddr ess. STDi st ance (Spat i al Locat i on) AS DiffInMeters
FROM Person. Address
WHERE AddressID IN (1,91, 831,11419) ;
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Figure 10-14 shows the results. Sta tement 1 declares a variable, @OneAddr ess, ofthe GEOGRAPHY type.
Sta tement 2 ass igns one valu e to the variable. Query 3 displ ays th e data including th e AddressID, the
Pos taiCode, and th e SpatialLocation. ToString method. The DiffInM eters column displays th e distance
between th e location save d in th e variable to the store d data. Notice th at the difference is zero whe n
com paring a location to itself.

1

2

3

4

AddresslD PostalCode
C·,.·..··..········_·········I 98011
~" M • •••••••• H •• • ;

91 98104

831 06510

11419 98366

(No column name)

POINT(·122.16464461540647.7869921906598)

POINT(·122.391164430965 47.6176669267701

POINT (·72.955018145078441 .3589413896096)

POINT (·122.72771 085643 47.575135985628)

DiffInMeIers

25366.6874166672

o
3924885.39255556

25748.07917586

Figure 10-14. The results of using the GEOGRAPHY data type

Viewing the Spatial Results Tab
When you selec t GEOMETRY or GEOGRAPHY data in th e nat ive binary for mat, another tab shows up in th e
res ults. This tab displays a visu al representa tion of th e spatia l dat a. Type in and exec ute Listing 10-12 to
see how thi s works.

Listing 10-12. Viewing Spatial Results

- -1
DECLARE @Area GEOMETRY;

--2
SET @Area = geometry : :Parse( 'Polygon«l 4, 2 5, 5 2, 04, 1 4))') ;

--3
SELECT @Area AS Area;

After runn ing th e code, click th e "Spatia l res ults" tab . Figure 10-15 shows how th is should look. This
tab will show up whe never you return spatial data in th e binary format in a grid.

Se!edspalJal ccUnn:

IPlea · 1
SelectlabelcoUm :

I(None) ·1
Zoom:

0
fl] Show gildlines

-

Figure 10-15. The "Spatial results" tab
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Although the spatial data types are very interesting, they also require specialized knowledge to take
full advantage of them. I encourage you to learn more if you think that your applications can benefit
from these new data types.

Circular Arcs
SQL Server 2012 includes a number of enhancements to both the geography and the geometry features.
These new features demonstrate the increasing need for advanced spatial capabilities in relational
databases. One of these new features is the introduction of circular arcs. Simply put, circular arcs allow
for curved lines between any two points. You can also combine straight and curved lines for even more
complex shapes. Figure 10-16 shows some examples.

Figure 10-16. Example shapesusing curved and straight lines

To create these shapes you will use the CIRCULARSTRING command. This command requires you to
define at least three points along the circular arc : a beginning, a point anywhere along the segment, and
an end. The total amount of points along the arc will always be odd and you are allowed to have the last
point be the same as the first. Listing 10-13 shows how you would use the CIRCULARSTRING command to
create a single curved line. You can combine multiple curved or straight lines using the COMPOUNDCURVE
command. When combining lines whether curved or straight, the beginning of the next line must always
be the endpoint of the previous line. Figure 10-17 shows the output from the two SELECT statements in
the listing.

Listing 10-13. Example ofcurued lines using CIRCULARSTRINGand COMPOUNDCURVE

DECLARE @g geometry;

SET @g = geometry:: STGeomFromText('CIRCULARSTRING(l 2, 2 1, 4 3)', 0);
SELECT @g.ToString();

SET @g = geometry::STGeomFromText('
COMPOUNDCURVE(
CIRCULARSTRING(l 2, 2 1, 4 3),
CIRCULARSTRING(4 3, 3 4, 1 2))', 0);
SELECT @g AS Area ();
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I

I
2

3

2

Figure 10-17. Results afusing CIRCULARSTRING and COMPOUNDCURVE

The COMPOUNDCURVE command allows you to simply combine multiple curved arcs or create more
complicated shapes by combining curved and straight lines. The CIRCULARSTRING command defines each
circular arc while the straight lines are defined with only the points along the line. Remember that lines
are defined with only two points but curved lines are defined with three. The endpoint of one arc is the
starting point of the next. Listing 10-14 shows examples of each. Notice the how the lines in the code for
the linear segment don't contain a keyword (I've highlighted them in bold for emphasis) . The shape the
query generates is shown in Figure 10-18.

Listing 10-14. Example ofmixing straight and curved lines using COMPOUNDCURVE

DECLARE @g geometry;
SET @g = geometry::STGeomFromText('
COMPOUNDCURVE(

(2 2, 2 6),
CIRCULARSTRING(2 6, 4 4, 6 2),
(6 2, 2 2))', 0);

SELECT @g AS Area;
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6

5

5
t
6

I

3

2 - --

Figure 10-18. Using COMPOUNDC URVE to mix lines an d curved segments

• Note This chapter only scratches the surface ofthe available features included inSal Server 2012 for the
geography and geometry data types. Sal Server 2012 includes a large number ofadditional methods and
performance improvement forthese data types such as FULLGLOBE and GEOGRAPHY_AUTO_GRID. If your job
requires you tounderstand more or if you aresimply curious, I suggest going to
http ://msdn .microsoft .com/en-us/library/ff848797(v=SQL . 110) . asp x for more information.

Sparse Columns
Whe never you store fixed- length data, suc h as any of the numeric data types an d some of the st ring dat a
types, the data takes up the same amount of space in th e datab ase eve n when sto ring NULL values. By
using the n ew sparse option, you ca n significan tly redu ce the amount of storage for NULL values. The
trade- off is that the non-NULLvalues of sparse columns take up slightly more space th an va lues stored in
reg ular co lumns, and there is a small performance decrease when retrieving the non-NULLvalues. To use
sparse colum ns, th e option m ust be specified when creating the table. You can also include a special
type of co lumn, called a column set, to return all the sparse columns as XML. Type in and execute List ing
10-15 to learn m ore.
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Listing 10-15. Using SparseColumns

USE tempdb;
GO

--1
IF OBJECT_ID('dbo.SparseData') IS NOT NULL BEGIN

DROP TABLE dbo.SparseData;
END;
GO

--2
CREATE TABLE dbo.SparseData

(ID INT NOT NULL PRIMARY KEY,
sci INT SPARSE NULL,
sc2 INT SPARSE NULL,
sc3 INT SPARSE NULL,
cs XML COLUMN_SET FOR ALL_SPARSE_COLUMNS);

GO

--3
INSERT INTO dbo.SparseData(ID,scl,SC2,SC3)
VALUES (l,l,NULL,3),(2,NULL,l,l),(3,NULL,NULL,l);

--4
INSERT INTO SparseData(ID,cs)
SELECT 4, '<SC2>5</sC2>';

--5
SELECT * FROM dbo.SparseData;

--6
SELECT ID, SCi, sc2, sc3, cs FROM SparseData;

Figure 10-19 shows the results. Code section 1 drops the dbo.SparseOata table ifit exists. Statement
2 creates the table with a primary key column, 10; three sparse integer columns; and the XMLcolumn,
cs. Statement 3 inserts three rows into the table, leaving out the cs column. Statement 4 inserts a row,
but this time only providing values for 10 and cs. Query 5 uses the asterisks to return all the columns and
rows with surprising results. Instead of returning the individual sparse columns, the cs column provides
the sparse data. Query 6 shows that you can still retrieve these columns individually if you need to and
validates the cs column. Statement 4 provides a value only for the cs column and not the sparse
columns. Query 6 proves that statement 4 inserted the data correctly into the sparse column.
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Resuhs
-===============

ID cs

1 1 [·~.i?~~~~~:~.~:~~~~~~~§?]
2 2 <sc2>1</sc2><sc3>1</sc3>

3 3 <sc3>1</sc3>

4 4 <sc2>5</sc2>

ID scl sc2 sc3 cs

1 L~....J 1 NULL 3 <sc1>1</sc1><sc3>3</sc3>

2 2 NULL 1 1 <sc2>1</sc2><sc3, 1</sc3>

3 3 ULL NULL 1 <sc3>1</sc3>

4 4 NULL 5 NULL <sc2>5</sc2>

Figure 10-19. The results ofusing sparse columns

Because there is increased overhead when using sparse columns and because non-NULL values of
sparse columns take a bit more space, Microsoft suggests that you use this feature only when the data
will contain mostly NUL Lvalues. SQLServer Books Online contains a table in the "Using Sparse
Columns" article showing the percentage of NULL values the data should contain in order to make using
the sparse columns beneficial.

To make it easier to work with the new sparse columns, Microsoft introduced a type of index called
a filtered index. By using a filtered index, you can filter out the NULL values from the sparse columns right
in the index.

Summary
By practicing the skills taught in Chapters 1 through 9, you should become a very proficient T-SQL
developer. This chapter introduced you to advanced data types available in SQLServer 2012 and how to
work with the m. You now know that you should not use TE XT, NTEXT,and I MAGEtypes going forward and
that the new MAX data types should be used for very large columns . If you must sto re files, suc h as
Microsoft Word documents or video, you know about the FILESTREAM option. The new HIERARCHYID type
and the spatial types of GE OGRAPHY and GEOMETRY are availab le for special-purpose applications. You also
have a new way to save space when working with tables that have many columns containing mostly
NU LLs. You now know what these types can do as well as the downsides of using these types. Armed with
this knowledge, you can come up with solutions to challenging problems that may not occur to othe rs
on your team.
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Writing Advanced Queries

In Chapter 10,you learned about some useful data types in SQLServer 2012. In this chapter, you will
learn about some of the functions and advanced queries available with these most recent releases. For
example, you will learn more about common table expressions (CTEs), how to write a pivot query, how
to use the new ranking functions, and more. As a beginning T-SQLdeveloper, you mayor may not need
this information right away. This chapter doesn't contain any exercises, but I encourage you to
experiment and come up with your own examples for any of the features that you are interested in.
Consider the information in this chapter as a head start in becoming an expert T-SQLdeveloper.

Advanced eTE Queries
In Chapter 4, you learned to use common table expressions as one of the ways to combine the data from
more than one table into one query. In Chapters 5 and 6, you learned how CTEs can simplify many
statements. CTEsallow you to isolate part of the query logic or do things you could not ordinarily do,
such as use an aggregate expression in an update. In these cases , you could use derived tables (see the
"Derived Tables" section in Chapter 4), but now you will learn that CTEsare much more versatile. You
can do several things with CTEsthat are not possible with derived tables, such as write a recursive query.
This section covers these advanced CTEfeatures .

• Caution The keyword WITH appears inmany other statement types. Because ofthis, astatement containing a
eTE must be the first statement inthe batch, orthe previous statement must end with asemicolon. Atthis point,
Microsoft recommends using semicolons toend T-SOL statements, but it is not required. Some developers start all
eTE definitions with asemicolon toavoid errors.

Using Multiple CTEs
You can use CTEsto organize and isolate query logic in order to write complicated queries efficiently.
You can 't nest CTEs; that is, one CTEcan't contain another CTE. You can, however, add multiple CTEsto
one query . You might want to do this just to make your query more readable or possibly because writing
the query this way will let you avoid creating temp tables or views. Here is the syntax:

WITH <cteNamel> AS (SELECT <call> FROM <tablel»,
<cteName2> AS (SELECT <co12> FROM <table2»,
<cteName3> AS (SELECT <co13> FROM <table3»

391



CHAPTER 11 • WRITING ADVANCED QUERIES

SELECT <COIl>, <co12> , <co13>
FROM <cteName1> INNER JOIN <cteName2> ON <join condition1>
INNER JOIN <cteName3> ON <join condition2>

Of course,your CTE definitions can contain just about any valid SE LECT statement, and your outer
query can use the CTEs in any wayyou need to use them. Typein and execute Listing 11-1 to learn more.

• Note The CTE examples in this chapter create objects in tempdb. Keep in mind thattempdb is recreated each
time the Sal service restarts, so ifyou restart Sal Server, you will need to run the CREATE TABLE statements
again.

Listing ll-l.A Query with Multiple Queries in a CTE

--1 First, populate the tempdb tables

USE [tempdb];
GO

CREATE TABLE [Employee](
[EmployeeID] [int] NOT NULL,
[ContactID] [int] NOT NULL,
[ManagerID] [int] NULL,
[Title] [nvarchar](so) NOT NULL);

CREATE TABLE [Contact] (
[ContactID] [int] NOT NULL,
[FirstName] [nvarchar](so) NOT NULL,
[MiddleName] [nvarchar](so) NULL,
[LastName] [nvarchar](so) NOT NULL);

INSERT INTO tempdb.dbo.Contact (ContactID, FirstName, MiddleName, LastName) VALUES
(1030, 'Kevin', 'F', 'Brown'),
(1009, 'Thierry', 'B', 'DHers'),
(1028, 'David' , 'M', 'Bradley') ,
(1070, 'JoLynn', 'M', 'Dobney'),
(1071, 'Ruth' , 'Ann', 'Ellerbrock') ,
(1005, 'Gail', 'A' , ' Er i ckson' ) ,
(1076, 'Barry' , 'K', 'Johnson') ,
(1006, 'Jossef', 'H', 'Goldberg'),
(1001, 'Terri', 'Lee', 'Duffy'),
(1072, 'Sidney', 'M' , 'Higa'),
(1067, 'Taylor ', 'R', 'Maxwell'),
(1073, 'Jeffrey', 'L', 'Ford'),
(1068, 'Jo', 'A', 'Brown'),
(1074, 'Doris', 'M', 'Hartwig'),
(1069, 'John' , 'T' , 'Campbell'),
(1075, 'Diane', 'R', 'Glimp '),
(1129, 'Steven', 'T', 'Selikoff'),
(1231, 'Peter', 'J', 'Krebs'),
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(1172, 'Stuart', 'V', 'Munson') ,
(1173, 'Greg', 'F', 'Al der son' ) ,
(1113, 'David', 'N', 'Johnson'),
(1054, 'Zheng ', 'W', 'Mu '),
(1007, 'Ovidiu', 'V', 'Cracium'),
(1052, 'James', 'R', 'Hamilton'),
(1053, 'Andrew', ' R' , 'Hill'),
(1056, 'Jack', '5', 'Richins'),
(1058, 'Michael', 'Sean', 'Ray'),
(1064, 'Lori', 'A', 'Kane'),
(1287, 'Ken' , 'J', 'Sanchez');

INSERT INTO tempdb.dbo .Employee (EmployeeID, ContactID, ManagerID, Title) VALUES
(1, 1209, 16, 'Production Technician - WC60'),
(2, 1030, 6, 'Marketing Assistant'),
(3, 1002, 12, 'Engineering Manager'),
(4, 1290, 3, 'Senior Tool Designer'),
(5, 1009, 263, 'Tool Designer'),
(6, 1028, 109, 'Marketing Manager'),
(7, 1070, 21, 'Production Supervisor - WC60'),
(8, 1071, 185, 'Production Technician - WC10'),
(9, 1005, 3, 'Design Engineer'),
(10, 1076, 185, 'Production Technician - WC10'),
(11, 1006, 3, 'Design Engineer'),
(12, 1001, 109, 'Vice President of Engineering'),
(13, 1072, 185, 'Production Technician - WC10'),
(14, 1067, 21, 'Production Supervisor - WC50'),
(15, 1073, 185, 'Production Technician - WC10'),
(16, 1068, 21, 'Production Supervisor - WC60'),
(17, 1074, 185, 'Production Technician - WC10'),
(18, 1069 , 21 , 'Production Supervisor - WC60') ,
(19, 1075, 185, 'Production Technician - WC10 '),
(20, 1129, 173, 'Production Technician - WC30'),
(21, 1231, 148, 'Production Control Manager'),
(22, 1172 , 197, 'Production Technician - WC45'),
(23, 1173, 197, 'Production Technician - WC4S'),
(24, 1113, 184, 'Production Technician - WC30'),
(25, 1054, 21,'Production Supervisor - WC10'),
(109, 1287, NULL, 'Chief Executive Officer '),
(148, 1052, 109, 'Vi ce President of Production '),
(173, 1058, 21, 'Production Supervisor - WC30'),
(184, 1056, 21, 'Production Supervisor - WC30'),
(185, 1053, 21, 'Production Supervisor - WC10'),
(197, 1064, 21, ' Product ion Supervisor - WC45 '),
(263, 1007, 3, 'Senior Tool Designer');

--2 Now run the CTE query

USE tempdb;
WITH
Emp AS(

SELECT e.EmployeeID, e.ManagerID,e.Title AS EmpTitle,
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c.FirstName + ISNULL(' , + c.MiddleName,' ') + ' , + c.LastName AS EmpName
FROMEmployee AS e
INNER JOIN Contact AS c
ON e.ContactID = c.ContactID
) ,

Mgr AS(
SELECT e.EmployeeID AS ManagerID,e .Title AS MgrTi t l e,

c.FirstName + ISNULL(' , + c.MiddleName,' ') + ' , + c.LastName AS MgrName
FROMEmployee AS e
INNER JOIN Contact AS c
ON e.ContactID = c.ContactID
)

SELECT EmployeeID, Emp .ManagerID, EmpName , EmpTitle , MgrName, MgrTit l e
FROMEmp INNER JOIN Mgr ON Emp .ManagerID = Mgr.Manager ID
ORDER BY EmployeeID;

M9rTllle

Matketng Manager

Senior ToolDe$igner

Chief ExeculJve Officer

Production Contrd I anager

Production~r · WC1D

Production SupeMsor . WC10

ChiefExecutIveOff,cer

Production Supervisor' WC1D

Production Contrd Manager

Production SupeM$Or · WC1D

Production CortroI Manager

Production Supervisor • WC10
Production Control Manager

Production SupeMsor . WC1D

ProdoclJon Supervisor - WOO

Voce President of Production

Production Supervisor • WC45

Production Supervisor· WC45

Production Supervisor • WC30

Produclion CortroI I anager

Ken J Sanchez

hldrew R HdI

Peter J Krebs

AndrewR
PeterJ Krebs

Andrew R

PeterJ Krebs

hldrew R I

MIchaelSean Ray

James R Hamlton

Lon AKane

Lon A Kane

Jack S R.chins

Peter J Krebs

MgrName

David N Brad ey

OvlCllu VCracium

KenJ Sandlez

PeterJ Krebs

AndrewR

Andrew R Hl11

Emp ame

Kem FBrown

ThenyBDH~

David Bradley

JoLym M Dobney

Ruth Pm Elerllrock

BallyKJohnson

TemLee Duffy

Sidney I Hlga

Taylor R Maxw

Jeffre"lLFord
JoABrown
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Diane RGlimp

Steven T Se

Peter J Krebs

StuMVMunson
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5
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15

16
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19

20

1

2
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Figure 11-1 shows the partial results. Each CTE must have a name, followed by the keyword AS and
the definition in parentheses. Separate the CTE definitions with a comma. This query, from the
tempdbdatabase, contains a CTE for the employees,Emp, and a CTE for the managers, Mgr. Within each
CTE, the Employeetable joins the Contact table. By writing the query using CTEs, the outer query is very
simple. You just join the Mgr CTE to the Emp CTE just as if they were regular tables or views.
Cl Resu~s L.,-~-~ ._

Emp/oyeelD ~agerlD

[3~:.==.==] 6
5 263
6 109

7 21

8 185

10 185

12 109

13 185

14 21

15 185

16 21

17 185

18 21

19 185

20 173

21 148

22 197

23 197

24 184
25 21

Figure 11-1. The partial results ofmultiple CTEsin one statement

394



CHAPTER 11 • WRITING ADVANCED QUERIES

Calling a CTE Multiple Times
Just as you can have multiple CTE definitions within one statement, you can call a CTEmultiple times
within one statement. This is not possible with a derived table. which can be used only once with in a
statement. (See Cha pter 4 for more information about derived tables.) A CTE could be used in a self-join,
in a subquery, or in any valid way of using a table within a statement. Here are two syntax examples:

--self-join
WITH <cteName> AS (SELECT <COIl>, <co12> FROM <tablel»
SELECT a.<coll>, b.<coll>
FROM <cteName> AS a
INNER JOIN <cteName> AS b ON <join condition>

--subquery
WITH <cteName> AS (SELECT <COIl>, <co12> FROM <tablel»
SELECT ccoli»
FROM <cteName>
WHERE <co12> IN (SELECT <co12>

FROM <cteName> INNER JOIN <tablel> ON <join condition»

Type in and execut e Listing 11-2 to see some examples. The self-join produces the same results as
tho se in the previous section.

Listing 11-2. Calling a CTE Multiple Times With in a Statement

USE tempdb;

WITH
Employees AS(

SELECT e.EmployeeID, e.ManagerID,e .Title,
c.FirstName + ISNULL( ' , + c.MiddleName,' ' ) + ' , + c.LastName AS EmpName

FROM Employee AS e
INNER JOIN Contact AS c
ON e.ContactID = c.ContactID
)

SELECT emp.EmployeeID, emp.ManagerID, emp.EmpName, emp.Title AS EmpTitle,
mgr .EmpName as MgrName, mgr .Title as MgrTitle

FROM Employees AS Emp INNER JOIN Employees AS Mgr
ON Emp .ManagerID = Mgr.EmployeeID;

--2
WITH Employees AS (

SELECT e.EmployeeID, e.ManagerID,e.Title,
c.FirstName + ISNULL(' , + c.MiddleName,' ') + ' , + c.LastName AS EmpName

FROM Employee AS e
INNER JOIN Contact AS c
ON e.ContactID = c.ContactID)

SELECT EmployeeID, ManagerID, EmpName, Title
FROM Employees
WHERE EmployeeID IN (SELECT EmployeeID

FROM Employees AS e
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INNER JOIN AdventureWorks2012 .HumanResources .Employee AS er2 ON e .ManagerID
er2 .BusinessEntityID

WHERE er2 . MaritalStatus = 'M ' );

Figure 11-2 shows the pa rtial res ults. Sta te ment 1 defi nes jus t one CTE, joining
Employee to Con tact. The outer query calls the CTE twice, once with the alias Em p and once with the
alias Mgr. Sta tement 2 defines the same CTE. In this case, ho wever, the outer query uses the CTE as the
m ain tabl e and also within a subquery.

Resub

Emp/o)-eeiD agerlD EmpName EmpTrtie MgrName MgrTitle

I; [?.'~',~=','~'~,'~.] 6 KevinF Brown Marl<etingAssistant David~ Bradley Marl< Manager

5 263 Thieny B 0Hers ToolDesigner OvidiuVCracium SeniorTool Designer

6 109 David M Bradley Marl<eting Manager Ken J Sanchez Chief ExecubveOfficer

1
4 7 21 JoL)11I1 M Dobney Production Supervisor· WCGO Peter J IVebs Production Control Manag

5 8 185 Ruth Pm Ellerbrock ProductionTechnician•we 10 Andrew R H~I Production Supervisor •WC10

: 6 10 185 BaITY KJohnson Production Technician - Wel0 Andrew R HiU Production Supervisor •we10

7 12 109 Tern Lee Duffy VIce Presid ofEng enng Ken J Sanchez Chief ExecutIVe Officer

18 13 185 Sidney M Higa Production Technician •we 10 Andrew R H~I Production Supervisor · WC10,
r Emp/oyeelD ManagerlD EmpName n
1 1

[ "....··,,·_···""·"1
KevinF BroVln Marketing Assistanti 2 ; 6

l._.•._ .••__.•._ ._ _ '!

2 5 263 ThenyB DHers ToolDesigner

I ~
6 109 David M Bradley Marketing f.anager

8 185 Ruth Pm B1erbrock Production Technician· Wel0
15 9 3 Gall A Enckson Design En eer
1

6 13 185 SidneyMHiga Production Technician •we 10
1 7 14 21 Tayf« R Maxw Production Supervisor · WC50

I 8 17 185 Dons Hartl'lg Production Technician •we 10
-- ----

Figure 11-2. The partial results ofusing a CTE twice in one statement

Joining a CTE to Another CTE
Another very interesting feature of CTEs is the ability to call one CTE from ano ther CTE definition. This
is not recursion, which you will learn about in the "Writing a Recursive Query" sect ion . Calling one CTE
fro m within another CTE defi nition allows you to base one qu ery on a p revious qu ery. Here is a syntax
exam ple:

WITH <ct eName1> AS (SELECT <COIl>, <co12> FROM <t abl e1»,
<ct eName2> AS (SELECT <coI l> , <co12>, <co13>

FROM <t abl e3> INNER JOIN <ct eName1> ON <joi n condition »
SELECT <COI l >, <co12>, <co13> FROM <ct eName2>

The order in whic h the CTE definitions appear is very important. You can't call a CTE before it is
defi ne d. Type in an d exec ute th e code in Listing 11-3 to learn more.
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Listing 11-3. Joining a CTE to Another CTE

USE tempdb;

--1
IF OBJECT_ID('dbo.JobHistory') IS NOT NULL BEGIN

DROP TABLE dbo.JobHistory;
END;

--2
CREATE TABLE JobHistory(

EmployeeID INT NOT NULL,
EffDate DATE NOT NULL,
EffSeq INT NOT NULL,
EmploymentStatus CHAR(l) NOT NULL,
JobTitle VARCHAR(50) NOT NULL,
Salary MONEY NOT NULL,
ActionDesc VARCHAR(20)

CONSTRAINT PK_JobHistory PRIMARY KEY CLUSTERED
(

) ) ;

GO

--3
INSERT INTO JobHistory(EmployeeID, EffDate, EffSeq, EmploymentStatus,

JobTitle, Salary, ActionDesc)
VALUES

(1000, '07-31-2008',1, 'A', 'Intern' ,2000, 'New Hire'),
(1000, '05-31-2009' ,1, 'A' , 'Production Technician' ,2000, 'Title Change'),
(1000, '05-31-2009' ,2, 'A', 'Production Technician' ,2500, 'Salary Change'),
(1000, '11-01-2009' ,1, 'A', 'Production Technician' ,3000, 'Salary Change'),
(1200, '01-10-2009 ' ,1, 'A' , ' Design Engineer ' ,5000, 'New Hire'),
(1200, '05-01-2009' ,1, 'T', 'Design Engineer' ,5000, 'Termination'),
(1100, '08-01-2008' ,1, 'A', 'Accounts Payable Specialist I' ,2500, 'New Hire'),
(1100, '05-01-2009',1, 'A', 'Accounts Payable Specialist II' ,2500, 'Title Change'),
(1100, '05-01-2009 ' ,2, 'A' , 'Account s Payable Specialist II' ,3000, 'Salary Change ');

--4
DECLARE @Date DATE = '05-02-2009' ;

--5
WITH EffectiveDate AS (

SELECT MAX(EffDate) AS MaxDate, EmployeeID
FROM JobHistory
WHERE EffDate (= @Date
GROUP BY EmployeeID

) ,
EffectiveSeq AS (
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SELECT MAX(EffSeq) AS MaxSeq, j.EmployeeID, MaxDate
FROM JobHistory AS j
INNER JOIN EffectiveDate AS d

ON j.EffDate = d.MaxDate AND j.EmployeeID = d.EmployeeID
GROUP BY j.EmployeeID, MaxDate)

SELECT j.EmployeeID, EmploymentStatus, JobTitle, Salary
FROM JobHistory AS j
INNER JOIN EffectiveSeq AS e ON j.EmployeeID = e.EmployeeID

AND j.EffDate = e.MaxDate AND j.EffSeq = e.MaxSeq;

Salary

2000.00
3000.00
5000.00

Figure 11-3 shows the results. I based this example on a system that I have worked with for several
years. Many of the tables in this system contain history information with an effective date and an
effective sequence. The system adds one row to these tables for each change to the employee's data. For
a particular effective date, the system can add more than one row along with an incrementing effective
sequence. To display information valid on a particular date, you first have to figure out the latest
effective date before the date in mind and then figure out the effecti ve sequence for that date. At first
glance, you might think that just determining the maximum date and maximum sequence in one
aggregate query should work . This doesn't work because the maximum sequence in the table for an
employee may not be valid for a particular date. For example, the employee may have four changes and,
therefore, four rows for an earlier date and only one row for the latest date.

Resu s I

r
r-~~~~~:.:~.~._. EmploymentStalus JobTlt-'e- - - - -- ----- -

1 j lOoo! A em...................-...._...-:
2 1100 A Accounts Payable Speda list II

3 1200 T Design Engineer

Figure 11-3. The results ofcalling one CTEfrom another CTEdefinition

Code section 1 drops the JobHistory table if it already exists. Statement 2 creates the JobHistory
table including a primary key composed of EmployeeID, Efffrate, and EffSeq. Statement 3 inserts several
rows into the table. Notice that the statement inserts one row for each change even if the changes
happen on the same date. Statement 4 declares and initializes a variable, @Date , which wilI be used in the
WHERE clause in Statement 5. You can change the value of this variable to validate the results for different
dates.

Statement 5 contains the SELECT statement. The first CTE, EffectiveDate, just determines the
maximum EffDate from the JobHistory table for each employee that is valid for the @Date value. The
second CTE, EffectiveSeq, joins the JobHistory table to the EffectiveDate CTE to find the maximum
EffSeq for each employee for the date determined in the previous CTE, EffectiveDate. Finally, the outer
query joins the JobHistory table on the EffectiveSeq CTE to display the valid data for each employee on
the date stored in @Date.

Using the Alternate CTE Syntax
I prefer naming alI the columns within the CTE definition, but you can also specify the column names
outside the definition. There is no advantage to either syntax, but you should be familiar with both. Here
is the syntax:
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WITH <cteName> «COIl>, <co12» AS (
SELECT <co13>,<co14> FROM <t abl el »

SELECT <COll> ,<co12> FROM <cteName>

When using th is technique. the column na mes defined outside the definition must be used in the
outer query. If you have an expression within the definition, you don't have to give the express ion an
alias. Type in and execute the code in Listing 11-4 to practice this technique.

Listing 11-4. Writing a Query with the Alternate eTE Syntax

USE tempdb ;

WITH Emp (EmployeeID, ManagerID, JobTitle,EmpName) AS
(SELECT e.EmployeeID, e.ManagerID,e.Title,

c.FirstName + ISNULL(' . + c.MiddleName,· ') + ' • + c.LastName
FROMEmployee AS e
INNER JOIN Contact AS c
ON e.ContactID = c.ContactID)

SELECT Emp .EmployeeID, ManagerID, JobTitle , EmpName
FROMEmp;

Figure 11-4 shows the partial results. All the columns must be listed in parentheses between the CTE
na me and the definition . Only the column s listed are valid. Either syntax willwork; it is just a matter of
preferen ce.

Resu s I
EmployeelD ManagerlD JcbIe le EmpName

1
"._-_......_...__..._..]

MarketingAssistant Kevin F BrownL3___...............__.1 6
2 5 263 Tool Designer ThienyB DHers

3 6 109 Marketing Manager David M Brad ey

4 7 21 Production Supervisor · WC60 JoLynn M Dobney

5 8 185 Production Technlcien - WC10 Ruth hln 81erbrock

6 9 3 Design Engineer GaUA Erickson

7 10 185 Production Technician · WC10 Bany KJohnson

8 11 3 Design Engineer Jossef H Goldberg

9 12 109 VIce President of Engineering Tem LeeDuffy

10 13 185 Production Technician· WC10 Sidney M Higa

11 14 21 Production Supervisor · WCSO Taylor R Maxwell

12 15 185 Production Technician · WC10 Jeffrey L Ford

13 16 21 Production Supervisor · WC60 Jo A Brown

14 17 185 Production Technician · WC10 Doris M Hartwig

15 18 21 Production Supervisor · WC60 John T Campbell

16 19 185 Production Technician· WC10 Diane RGlimp

17 20 173 Production Technician · WC30 Steven T Selikoll

Figure 11-4. The partial results ofusing the named column eTE syntax
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Writing a Recursive Query
Recursivecode, in any programming language, is code that calls itself. Programmers use this technique to
follow paths in tree or directory structures. When following the paths in these structures, the code must
start at the root, follow each path to the end, and back up again to the next path repeatedly. In T-SQL,
you can use the same technique in a CTE. Let's use the same Employee table created in tempdb at the
beginning ofthe chapter to demonstrate how to use a recursive CTE. The self-join found in that table
represents a hierarchical structure. To view the entire hierarchy, you must start at the root, the CEO of
the company, and follow every possible manager-employee path down to the lowest person. Here is the
syntax for writing a recursive CTE:

WITH <cteName> «COIl>, <co12>, <co13>, level)
AS
(

--Anchor member
SELECT <primaryKey>,<foreignKey>,<co13>, 0 AS level
FROM <tablel>
WHERE <foreignKey> = <startingValue>
UNION ALL
--Recursive member
SELECT a.<primaryKey>,a.<foreignKey>,a.<co13>, b.level + 1
FROM <tablel> AS a
INNER JOIN <cteName> AS b

ON a.<foreignKey> = b.<primaryKey>
)
SELECT <COll>,<co12>,<co13>,level
FROM <cteName> [OPTION (MAXRECURSION <number»]

To write the recursive CTE, you must have an anchor member, which is a statement that returns the
top of your intended results . This is like the root of the directory. Following the anchor member, you will
write the recursive member. The recursive member actually joins the CTEthat contains it to the same
table used in the anchor member. The results of the anchor member and the recursive member join in a
UNION AL Lquery . Type in and execute the code in Listing 11-5 to see how this works.

Listing 11-5. A Recursive CTE

USE tempdb;

WITH OrgChart (EmployeeID, ManagerID, Title, Level,Node)
AS (SELECT EmployeeID, ManagerID, Title, 0,

CONVERT(VARCHAR(30), 'I') AS Node
FROM Employee
WHERE ManagerID IS NULL
UNION ALL
SELECT a.EmployeeID, a.ManagerID,a.Title, b.Level + 1,

CONVERT(VARCHAR(30),b.Node +
CONVERT(VARCHAR,a.ManagerID) + 'I')

FROM Employee AS a
INNER JOIN OrgChart AS b ON a.ManagerID = b.EmployeeID

)
SELECT EmployeeID, ManagerID, SPACE(Level * 3) + Title AS Title, Level, Node
FROM OrgChart
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ORDER BY Node;

ode

/

/ 109/

/ 109/

/ 109/

/ 109/12/

/ 109/ 12/3/

/ 109/12/3/

/ 109/ 12/3/

/ 109/ 12/3/

/ 109/12/312631
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/ 109/148/21/

/ 109/ 148/21/
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1
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3
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Chief Executive Officer

r arketing ,., anager

Vice President of Engineering

Vice President of Production

Engineering ,., anager

Senior Tool Designer

Design Engineer

Design Engineer

SeniorTool Designer

Tool Designer

ProductionControl Nanager

Production Supervisor-WC60

Production Supervisor-WCSO

Production Supervisor· WC60

Production Supervisor· WC60

Production Supervisor · WC10

Production Supervisor-WC30

EmployeelD ManageriD

[i~~::~=~~.~:::J NULL
6 109

12 109

148 109

3 12

4 3
9 3

11 3

263 3

5 263

21 148

7 21

14 21

16 21

18 21

25 21

173 21

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Figure 11-5 shows the results. The anchor member selects the EmployeeID, ManagerID, and Title
from the Employee table for the CEO. The CEO is the only employee with a NULL ManagerID. The level is
zero . The node column, added to help sorting, is just a slash. To get this to work , the query uses the
CONVERT function to change the data type of the slash to a VARCHAR(30) because the data types in the
columns ofthe anchor member and recursive member must match exactly. The recursive member joins
Employee to the CTE, OrgChart. The query is recursive because the CTE is used inside its own definition.
The regular columns in the recursive member come from the table, and the level is one plus the value of
the level returned from the CTE. To sort in a meaningful way, the node shows the ManagerID values
used to get to the current employee surrounded with slashes. This looks very similar to the node used in
the HierarchyID example in Chapter 10.

Resu s I

Figure11-5. The partial resultsofa recursive query

The query runs the recursive member repeatedly until all possible paths are selected; that is, until
the recursive member no longer returns results. In case of an incorrectly written recursive query that will
run forever, the recursive member will run only 100 times by default unless you specify the MAXRECURSION
option to limit how many times the query will run. To alter the query in Listing 11-5 to a potential
unending loop, change a.ManagerID = b. EmployeeID to a. EmployeeID = b. EmployeeID.

Just because the default MAXRECURSION value is 100 doesn't mean that a recursive query will return
only 100 rows . In this example, the anchor returns the CEO, EmployeeID 109. The first time the recursive
member runs, the results include all employees who report to 109. The next call returns the employees
reporting to the employees returned in the last call, and so on . The values from one call feed the next
call. This process will quickly exceed the MAXRECURSION value and the query will generate an error. If you
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want to see what an unending recursive query loop look s like, ch an ge th e MAXRECURSION value to O. Keep
in mi nd th at you will need to manually te rm inate th e qu ery since it will never actually complete.

Instead of filtering th e anc hor to find th e CEO, you can supply any ManagerID value . If you specify a
par ticul ar m an ager, in stead of starting at the CEO, th e results will start at the subordinates of th e
Manager ID supplied. On your own, change th e crite ria in th e anchor me mber, an d rerun th e qu ery to
see what happens.

Writing recursive queries is an advanced skill you mayor may not need right away. Luc kily, if you do
need to write a recursive query, you will kno w whe re to find a sim ple exam ple.

The OUTPUT Clause
You learned ho w to manipulat e data in Chapter 6. The OUTPUT clau se allows you to see or even save the
modified values whe n you perform a dat a manipulation sta tement. The interesting thing abou t OUTPUT is
th at dat a manipulation sta tements don't normally return data except for th e number of rows affected.
By using OUTPUT, you can retrieve a result set of the data in th e same sta tement th at updates th e dat a. You
can see th e result se t in th e qu ery window results or return th e result se t to a client application .

Using OUTPUT to View Data
When usin g OUTPUT, you can view the data using the special tables DELETED and INSERTED. You may
wonder why th ere is not an UPDATED tabl e. Inste ad of an UPDATED table, you will find the old valu es
in the DELETED table and th e new values in the INSERTED tabl e. Here are the syntax examples for usin g
th e OUTPUT clau se for viewing cha nges whe n running data manipulation sta tements:

--Update style 1
UPDATE a SET <coIl> = <value>
OUTPUT deleted.<col1>,inserted.<col1>
FROM <table1> AS a

--Update style 2
UPDATE <t abl e1> SET <coIl> = <value>
OUTPUT deleted.<col1>, inserted.<col1>
WHERE <criteria>

--Insert style 1
INSERT [INTO] <t abl e1> «col1>, <co12»
OUTPUT inserted.<col1>, inserted.<co12>
SELECT <coI l >, <co12>
FROM <table2>

--Insert style 2
INSERT [INTO] <table1> «COl1> ,<co12»
OUTPUT inserted.<col1>, inserted.<co12>
VALUES «value1>,<value2»

--Delete style 1
DELETE [FROM] <table1>
OUTPUT deleted. <col1>, deleted. <co12>
WHERE <criteria>
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--DELETE style 2
DELETE [FROM] a
OUTPUT deleted.<coll>, deleted.<co12>
FROM <tab lei> AS a

Probably the trickiest thing about using OUTPUT is figuring out where in the statement to include it.
Type in and execute the code in Listing 11-6 to learn more about OUTPUT.

Listing 11-6. Viewing the Manipulated Data with OUTPUT

USE AdventureWorks2012;
GO

--1
IF OBJECT_ID('dbo.Customers') IS NOT NULL BEGIN

DROP TABLE dbo.Customers;
END;

--2
CREATE TABLE dbo.Customers (CustomerID INT NOT NULL PRIMARY KEY,

Name VARCHAR(lS0),PersonID INT NOT NULL)
GO

--3
INSERT INTO dbo.Customers(CustomerID,Name,PersonID)
OUTPUT inserted.CustomerID,inserted.Name
SELECT c.CustomerID, p.FirstName + ' , + p.LastName,PersonID
FROM Sales.Customer AS c
INNER JOIN Person.Person AS p
ON c.PersonID = p.BusinessEntityID;

--4
UPDATE c SET Name = p.FirstName +

ISNULL(' , + p.MiddleName,' ') + ' , + p.LastName
OUTPUT deleted.CustomerID,deleted.Name AS OldName, inserted.Name AS NewName
FROM dbo.Customers AS c
INNER JOIN Person.Person AS p on c.PersonID = p.BusinessEntityID;

--S
DELETE FROM dbo.Customers
OUTPUT deleted.CustomerID, deleted.Name, deleted.PersonID
WHERE CustomerID = 11000;

Figure 11-6 shows the partial results. Unfortunately, you can't add an ORDER BY clause to OUTPUT, and
the INSERT statement returns the rows in a different order than the UPDATE statement. Code section 1
drops the dbo.Customers table if it already exists . Statement 2 creates the dbo.Customers table.
Statement 3 inserts all the rows when joining the Sales .Customer table to the Person.Person table. The
OUTPUT clause, located right after the INSERT clause, returns the CustomerlD and Name. Statement 4
modifies the Name column by including the MiddleName in the expression. The DELETED table
displays the Name column data before the update. The INSERTEDtable displays the Name column after
the update. The UPDATE clause includes aliases to differentiate the values. Statement 5 deletes one row
from the table. The OUTPUT clause displays the deleted data.
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CustomeriD Name
rl·l·000················· ·~ Jon Yang
l ;

11001 Eugene Huang

11002 Ruben Torres

11 3 O1risty Zhu

11 8izabe h Johnson

11005 Julio Ruiz

11006 Janel Alvarez

11007 I.arco 1 ehta

CustomeriD OldName
f·..•·•••·••••·••••..···············:

L.3.~!~ j Caherine .Abel
29486 Kim bercrombie

29487 Humberto Acevedo

29484 Gustavo Achong

29488 PilarAckennan

28866 Aaron Adams

13323 Adam Adams

21139 ,A exAdams

ew ame

Catherine R.,Abel

Kim ,Abercrombie

HumbertoAcevedo

Gustavo Achong

Pilar Ackennan

Aaron BAdams

Adam Adams

Alex CAdams

r
1

CustomeriD Name Person lD
j_ ;

L..~..~..~ ..J JonV Yang 13531

Figure 11 -6. The partial results afviewing the manipulated data with OUTPUT

Saving OUTPUT Data to a Table
Instead of displaying or returning the rows from the OUTPUT clause, you might need to save the
information in another table. For example. you may need to populat e a histo ry tabl e or save the changes
for further processing. Here is a syntax example showing how to use INTO along with OUTPUT:

INSERT [INTO] <t abl el> «coIl>, <co12»
OUTPUT inserted .<coll >, inserted .<co12>
INTO <t abl e2>
SELECT <co13> ,<co14>
FROM<t abl e3>

Type in and execute the code in Listing 11-7 to learn more.
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Listing 11-7. Saving the Results a/OUTPUT

USE AdventureWorks2012;

--1
IF OBJECT ID('dbo.Customers') IS NOT NULL BEGIN

DROP TABLE dbo.Customers;
END;

IF OBJECT_ID('dbo.CustomerHistory') IS NOT NULL BEGIN
DROP TABLE dbo.CustomerHistory;

END;

--2
CREATE TABLE dbo.Customers (CustomerID INT NOT NULL PRIMARY KEY,

Name VARCHAR(150),PersonID INT NOT NULL)

CREATE TABLE dbo.CustomerHistory(CustomerID INT NOT NULL PRIMARY KEY,
OldName VARCHAR(150), NewName VARCHAR(150),
ChangeDate DATETIME);

GO

--3
INSERT INTO dbo.Customers(CustomerID, Name, PersonID)
SELECT c.CustomerID, p.FirstName + ' , + p.LastName,PersonID
FROM Sales.Customer AS c
INNER JOIN Person.Person AS p
ON c.PersonID = p.BusinessEntityID;

--4
UPDATE c SET Name = p.FirstName +

ISNULL(' , + p.MiddleName,' ') + + p.LastName
OUTPUT deleted.CustomerID,deleted.Name, inserted. Name, GETDATE()
INTO dbo.CustomerHistory
FROM dbo.Customers AS c
INNER JOIN Person.Person AS p on c.PersonID = p.BusinessEntityID;

--5
SELECT CustomerID, OldName, NewName,ChangeDate
FROM dbo.CustomerHistory;

Figure11-7shows the partial results. Codesection 1drops the dbo.Customers and
dbo.CustomerHistorytables if they already exist.Codesection 2 creates the two tables. Statement 3
populates the dbo.Customers table. Statement 4 updates the Name column for all of the rows. By
including OUTPUT INTO, the CustomerIDalong with the previous and current Name valuesare saved into
the table. The statement also populates the ChangeDate column by using the GETDATE function.
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Resu~s

---- ---
CustorneriD Old arne ew arne ChangeDa e

1 1'··,·,·000··········....····, JonYang JonV Yang 2011-09-1012:36:56.820
~.._....~..._..._.._ ;

2 11001 Eugene Huang Eugene L Huang 2011-09-10 12:36:56.820

3 11002 Ruben Torres Ruben Torres 2011-09-1012:36:56.820
4 11003 Christy Zhu Christy Zhu 2011-09-1012:36:56.820

5 11004 8izabeth Johnson Bizabeh Johnson 2011-09-10 12:36:56.820

6 11005 Julio Ruiz Jufio Ruiz 2011-09-1012:36:56.820

7 11006 Jane .Alvarez Jane G Avarez 2011-09-1012:36:56.820

8 11007 Marco Iv ehta arco Iv ehta 2011-09-1012:36:56.820

9 11008 Rob Verhoff RobVerhoff 2011-09-10 12:36:56.820

10 11009 Shannon Cartson Shannon CCarlson 2011-09-1012:36:56.820

11 11010 JacquelynSuarez Jacque!)11 C Suarez 2011-09-1012:36:56.820

12 11011 Curtis Lu Curtis Lu 2011-09-10 12:36:56.820

13 11012 Lauren Wa er Lauren r. Wa er 2011-09-10 12:36:56.820

14 11013 IanJenkins Ian r. Jenkins 2011-09-10 12:36:56.820

15 11014 Sydney Bennett Sydney Bennett 2011-09-1012:36:56.820

16 11015 Chloe Young Chloe Young 2011-09-10 12:36:56.820

17 11016 Wyatt HiD Wyatt L 2011-09-1012:36:56.820

Figure 11-7. The partial results ofsaving the OUTPUT data in to a table

The MERGE Statement
The MERGE sta tement, also known as upsert, allows you to synchro nize two tables with one statement. For
example, you would no rmally need to perform at least one UPDATE, one INSERT, and one DELETE statement
to keep the dat a in one table up-to-date with the data from anothe r table. Byusing MERGE, you can
perform the same work mo re efficiently (assuming that the table s have the proper indexes in place) with
just one stateme nt. The drawback is that MERGE is more difficult to understand and write than the thr ee
individual sta teme nts. One potential use for MERGE-where taking the tim e to write the MERGE stateme nts
really pays off-is loading data warehouses and data marts. Here is the syntax for a simple MERGE
stateme nt:

MERGE <target table>
USING <source table name> I(or query» AS alias [(column names)]
ON «join criteria»
WHEN MATCHED [AND <other critera>]
THEN UPDATE SET <col> = alias .<value>
WHEN NOT MATCHED BY TARGET [AND <other criteria>]
THEN INSERT «column list» VALUES «values» -- row is inserted into target
WHEN NOT MATCHED BY SOURCE [AND <other criteria>]
THEN DELETE -- row is deleted from target
[OUTPUT $action , DELETED.*, INSERTED .*];

At first glance, the syntax may seem overwh elming. Basically, it defines an action to perform if a row
from the source table ma tches the target table (WHEN MATCHED), an action to perform if a row is
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missing in the target table (WHEN NOTMATCHED BYTARGET), and an action to perform ifan extra
rowis in the target table (WHEN NOT MATCHED BY SOURCE). The actions to perform on the target
table can be anything you need to do. For example, if the source table is missing a row that appears in
the target table (WH EN NOTMATCHED BYSOURCE), you don't have to delete the target row. You
could, in fact, leave out that part of the statement or perform another action. In addition to the join
criteria,you can also specifyany other criteria in each match specification. You can include an optional
OUTPUT clause along with the $action option. The $action option shows you which action is performed
on each row. Include the DELETED and INSERTED tables in the OUTPUT clause to see the before and after
values. The MERGE statement must end with a semicolon. Type in and execute the code in Listing 11-8 to
learn how to use MERGE.

Listing 11-8. Using the MERGEStatement

USE AdventureWorks2012;

--1
IF OBJECT_ID('dbo.CustomerSource') IS NOT NULL BEGIN

DROP TABLE dbo.CustomerSource ;
END;
IF OBJECT_ID('dbo.CustomerTarget') IS NOT NULL BEGIN

DROP TABLE dbo .CustomerTarget;
END;

--2
CREATE TABLE dbo.CustomerSource (CustomerID INT NOT NULL PRIMARY KEY,

Name VARCHAR(150) , PersonID INT NOT NULL);
CREATE TABLE dbo.CustomerTarget (CustomerID INT NOT NULL PRIMARY KEY,

Name VARCHAR(150), PersonID INT NOT NULL);

--3
INSERT INTO dbo .CustomerSource(CustomerID,Name,PersonID)
SELECT CustomerID,

p.FirstName + ISNULL( ' , + p.MiddleName, ' ' ) + ' , + p.LastName,
PersonID

FROM Sales.Customer AS c
INNER JOIN Person .Person AS p ON c.PersonID = p.BusinessEntityID
WHERE c.CustomerID IN (29485,29486,29487,10299);

--4
INSERT INTO dbo.CustomerTarget(CustomerID,Name,PersonID)
SELECT CustomerID, p.FirstName +' , + p.LastName, PersonID
FROMSales.Customer AS c
INNER JOIN Person .Person AS p ON c.PersonID = p.BusinessEntityID
WHERE c.CustomerID IN (29485,29486,21139);

--5
SELECT CustomerID, Name, PersonID
FROM dbo.CustomerSource
ORDER BY CustomerID;
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--6
SELECT CustomerID, Name, PersonID
FROM dbo.CustomerTarget
ORDER BY CustomerID;

--7
MERGE dbo.CustomerTarget AS t
USING dbo.CustomerSource AS s
ON (s.CustomerID = t.CustomerID)
WHEN MATCHED AND s.Name <> t.Name
THEN UPDATE SET Name = s.Name
WHEN NOT MATCHED BY TARGET
THEN INSERT (CustomerID, Name, PersonID) VALUES (CustomerID, Name, PersonID)
WHEN NOT MATCHED BY SOURCE
THEN DELETE
OUTPUT $action, DELETED.*, INSERTED.*;--semi-colon is required

--8
SELECT CustomerID, Name, PersonID
FROM dbo.CustomerTarget
ORDER BY CustomerID;

Figure 11-8 shows the results. Code section 1 drops the tables dbo .CustomerSource and
dbo .CustomerTarget. Code section 2 creates the two tables. They have the same column names, but this
is not a requirement. Statement 3 populates the dbo .CustomerSource table with four rows. It creates the
Name column using the FirstName, Middle Name, and LastName columns. Statement 4 populates the
dbo .CustomerTarget table with three rows. Two of the rows contain the same customers as the
dbo .CustomerSource table. Query 5 displays the data from dbo.CustomerSource, and query 6 displays
the data from dbo .CustomerTarget. Statement 7 synchronizes dbo .CustomerTarget with
dbo .CustomerSource, correcting the Name column, inserting missing rows, and deleting extra rows by
using the MERGE command. Because the query includes the OUTPUT clause, you can see the action
performed on each row. Query 8 displays the dbo .CustomerTarget with the changes. The target table
now matches the source table.
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CuslomeriD Name PersonlD

1 l~I§.:=] AexhJams 16724
2 29485 Cathenne ,Abel 293

3 29486 ~m ,Abercrombie 295

----
Sad ion CuslomeriD arne PersonlD CuslomerlD Name PersonlD

1 [OELETTJ 21139 ftJexhJams 16724 NULL NULL NULL

2 UPDATE 29485 Cathenne ,Abel 293 29485 Catherine R.,Abel 293

3 INSERT NULL NULL NULL 29487 Humberto Acevedo 297

-- --- -

1

2

3

CustomerlD arne
129485··_-·..·..·1Catherine R. ,Abel
t~._._... ._..;

29486 ~m .Abercrombie

29487 Humberto Acevedo

PersonlD

293

295

297

Figure 11-8. The results ofusing MERGE

GROUPING SETS
You learned all about aggregate queries in Chapter 5. Another option, GROUPING SETS, when added to an
aggregate query, allows you to combine different grouping levels within one statement. This is
equivalent to combining multiple aggregate queries with UNION. For example. suppose you want the data
summarized by one column combined with the data summarized by a different column. Just like MERGE,
this feature is very valuable for loading data warehouses and data marts. When using GROUPING SETS
instead of UNION, you can see increased performance, especially when the query includes a WHEREclause
and the number of columns specified in the GROUPING SETS clause increases. Here is the syntax:

SELECT <col1>,<co12> ,<aggregat e f unct ion> « co13»
FROM <table1>
WHERE <cri t er ia>
GROUP BY GROUPI NG SETS «co11 >, <co12»

Listing 11-9 compares the equivalent UNION query to a query using GROUPING SETS. Type in and
execute the code to learn more.
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Listing 11-9. Using GROUPING SETS

USE AdventureWorks2012;

--1
SELECT NULL AS Sa1esOrderID,SUM(UnitPrice)AS SumOfPrice,ProductID
FROM Sa1es.Sa1esOrderDetai1
WHERE Sa1esOrderID BETWEEN 44175 AND 44180
GROUP BY ProductID
UNION
SELECT Sa1esOrderID,SUM(UnitPrice), NULL
FROM Sa1es.5a1esOrderDetai1
WHERE Sa1esOrderID BETWEEN 44175 AND 44180
GROUP BY Sa1esOrderID;

--2
SELECT Sa1esOrderID,SUM(UnitPrice) AS SumOfPrice,ProductID
FROM Sa1es.5a1esOrderDetai1
WHERE Sa1esOrderID BETWEEN 44175 AND 44180
GROUP BY GROUPING 5ETS(5a1esOrderID,ProductID);

Figure11-9 shows the partial results. Query 1 is a UNION query that calculates the sum of the
UnitPrice. The first part of the query supplies a NULL value for SalesOrderID. That is because
SalesOrderlD is just a placeholder. The query groups by ProductID, and SalesOrderlD is not needed. The
second part of the query supplies a NULL valuefor ProductID. In this case, the query groups by
SalesOrderID, and ProductlD is not needed. The UNION query combines the results. Query2
demonstrates how to write the equivalent query using GROUPING SETS.
l!!I Results

1

2
3

5
6

7
8

Sa'esOrder1o SumO!Price

[@I:~=~=::~] 3578.27
NUll 3578.27

NUll 357827

4 NUll 3399.99

NUll 6749.98

44li5 3578.27

44JiG 3578.27

441n 3374.99

Product10

751

752

753

n4
m
NUll

NUll

NUll

1

2
3
4

5

6
7

8

SalesOrder1o SumOfPnce
rNULL---'-j 357827

NUll 357827

NUll 3578.27

NUll 3399.99

NUll 6749.98

44li5 3578.27

44li6 3578.27

441n 3374.99

Product10

751

752

753

n4
m
NU l l

NU l l

NUll

Figure 11-9. The partial results ofcomparing UNION to GROUPING SETS
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Pivoted Queries
Normally a que ry displays the data in a way that is similar to how it looks in a table, often with the
column headers being the actual nam es of the columns within the table. A pivoted query displays the
values of one column as column headers ins tead. For example, you could display the sum of the sales by
month so that the month names are column headers. Each row would then contain the dat a by year with
the sum for each month displ ayed from left to right. This section sho ws how to write pivoted queries
with two techniques: CASE and PIVOT.

Pivoting Data with CASE
Many developers still use the CASE function to create pivoted results. (See "The Case Fun ction" section in
Chapter 3 to learn more about CASE .) Essentially, you use several CASE expressions in the qu ery, one for
each pivoted column header. For example, the query will have a CASE expression checking to see whether
the month of the orde r date is Janu ary. If the order doe s occur in January, supply the total sales value. If
not, supply a zero . For each row, the dat a ends up in the correct column where it can be aggregated.
Here is the syntax for using CASE to pivot data:

CASE <COli>,SUM(CASE <co13> WHEN <valuei> THEN <co12> ELSE ° END) AS <aliasi>,
SUM(CASE <co13> WHEN <value2> THEN <co12> ELSE ° END) AS <alias2>,
SUM(CASE <co13> WHEN <value3> THEN <co12> ELSE ° END) AS <alias3>

FROM <tablei>
GROUP BY <coIl>

Type in and execute Listing 11-10 to learn how to pivot data using CASE.

Listing 11-10. Using CASE to Pivot Data

USE AdventureWorks20i2;

SELECT YEAR(OrderDate) AS OrderYear,
ROUND(SUM(CASE MONTH(OrderDate) WHEN 1 THEN TotalDue ELSE ° END),O)

AS Jan,
ROUND(SUM(CASE MONTH(OrderDate) WHEN 2 THEN TotalDue ELSE ° END),O)

AS Feb,
ROUND(SUM(CASE MONTH(OrderDate) WHEN 3 THEN TotalDue ELSE ° END),O)

AS Mar,
ROUND(SUM(CASE MONTH(OrderDate) WHEN 4 THEN TotalDue ELSE ° END),O)

AS Apr,
ROUND(SUM(CASE MONTH(Or derDat e) WHEN 5 THEN TotalDue ELSE ° END),O)

AS May,
ROUND(SUM(CASE MONTH(OrderDate) WHEN 6 THEN TotalDue ELSE ° END),O)

AS Jun
FROM Sales .SalesOrderHeader
GROUP BY YEAR(OrderDate)
ORDER BY OrderYear;

Figure 11-10 shows the results. To save space in the results, th e statem ent calculates the tot als only
for the months January through June and uses the ROUND function. The GROUP BY clause contains just the
YEAR(OrderDate) expression . You might th ink that you need to group by month as well, but th is que ry
doe sn 't group by month. It just includes each TotalDue value in a different column dep ending on the
month.
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Jun

0.00

1920507.00

2852210.00

6004156.00

May

0.00

3299799.00

3866365.00

5813557.00

Feb

0.00

2749105.00

3226056.00

4662656.00

Resu s
~~~~~~~~~~~~~~~~~~~~~~"""'"

OrderYear Jan
1""·2005···..·..··..··..·1 0.00
;._.~..~..~.~ ~ ;

2006 1462449.00

2007 1968647.00

2008 3359927.00

1

2

3
4

Figure 11-10. The results ofusing CASE to create a pivot query

Using the PIVOT Function
Microsoft introduced the PIVOT function with SQLServer 2005. In my opinion, the PIVOT function is more
difficult to understand than using CASE to produce the same results. Just like CASE, you have to hardcode
the column names. This works fine when the pivoted column names will never change, such as the
months of the year. When the query bases the pivoted column on data that changes over time, such as
employee or department names, the query must be modified each time that data changes. Here is the
syntax for PIVOT:

SELECT <groupingCol>, <pivotedValuel> [AS <aliasl>], <pivotedValue2> [AS <alias2>]
FROM (SELECT <groupingCol>, <value column>, <pivoted column» AS <queryAlias>
PIVOT
( <aggregate function>«value column»
FOR <pivoted column> IN «pivotedValuel>,<pivotedValue2»
) AS <pivotAlias>
[ORDER BY <groupingCol>]

The SE LECT part of the query lists any nonpivoted columns along with the values from the pivoted
column. These values from the pivoted column will become the column names in your query. You can
use aliases if you want to use a different column name than the actual value . For example, if the column
names will be the month numbers, you can alias with the month names.

This syntax uses a derived table, listed after the word FROM, as the basis of the query. See the
"Derived Tables" section in Chapter 4 to review derived tables. Make sure that you only list columns that
you want as grouping levels, the pivoted column, and the column that will be summarized in this
derived table. Adding other columns to this query will cause extra grouping levels and unexpected
results. The derived table must be aliased, so don't forget this small detail.

• Tip It is possible to use a CTE towrite this query instead ofaderived table. See the article "Create Pivoted
Tables in3 Steps" in SOL Server Magazine's July 2009 issue to learn this alternate method.

Follow the derived table with the PIVOT function . The argument to the PIVOT function includes the
aggregate expression followed by the word FOR and the pivoted column name. Right after the pivoted
column name, include an INexpression. Inside the INexpression, list the pivoted column values. These
will match up with the pivoted column values in the SELECT list. The PIVOT function must also have an
alias. Finally, you can order the results ifyou want. Usually this will be by the grouping level column, but
you can also sort by any of the pivoted column names. Type in and execute Listing 11-11 to learn how to
use PIVOT.
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Listing 11-11. Pivoting Results with PIVOT

USE AdventureWorks2012;

--1
SELECT OrderYear, [1] AS Jan, [2] AS Feb, [3] AS Mar,

[4] AS Apr, [5] AS May, [6] AS Jun
FROM (SELECT YEAR(OrderDate) AS OrderYear, TotalDue ,

MONTH(OrderDate) AS OrderMonth
FROM Sales .SalesOrderHeader) AS MonthData

PIVOT (
SUM(TotalDue)
FOR OrderMonth IN ([1] ,[2] ,[3] ,[4] ,[5] ,[6])
) AS PivotData

ORDER BY OrderYear;

- -2
SELECT OrderYear, ROUND(ISNULL([l],O),O) AS Jan,

ROUND(ISNULL([2] ,O),O) AS Feb , ROUND(ISNULL([3] ,O),O) AS Mar ,
ROUND(ISNULL([4],O),O) AS Apr, ROUND(ISNULL([5],O),O) AS May,
ROUND(ISNULL([6] ,O),O) AS Jun

FROM(SELECT YEAR(OrderDate) AS OrderYear, TotalDue,
MONTH(OrderDate) AS OrderMonth
FROMSales .SalesOrderHeader) AS Mont hDat a

PIVOT (
SUM(TotalDue)
FOR OrderMonth IN ([1],[2],[3],[4],[5],[6])
) AS PivotData

ORDER BY OrderYear;

Figure 11-11 shows the results. First take a look at the derived table aliased as MonthData in query 1.
The SELECT statement in the derived table contains an expression that returns the year of the OrderDate,
the OrderYear, and an expression that returns the month of the OrderDate, OrderMonth. It also contains
the TotalDue column. The querywillgroup the results by OrderYear. The OrderMonth column is the
pivoted column. The query will sum up the TotalDue values. The derived table contains only the
columns and expressions needed by the pivoted query.
Ll Results

OrderYear Jan Feb Mar hx May Jun

1 [~~~=,~~] NULL NULL NULL NULL NULL NULL

2 2006 1462448,8986 2749104.6546 2350568.1264 1727689.5793 3299799.233 1920506.6177

3 2007 1968647.1114 3226056.1486 2297692.9898 2660723.7481 3866365.1263 2852209.8283
4 2008 3359927.2196 4662655.6183 4m 357.5175 4269365.0103 5813557.453 60041 55.7672

1

2
3
4

OrderYear Jan

[~I'~~~--l 0,00
2006 1462449,00

2007 1968647.00

2008 3359927.00

Feb

0.00
2749105.00

3226056.00
4662656.00

"'ar
0.00

2350568.00
2297693.00
4m358.00

I'rx
0.00

1727690.00
2660724.00
4269365.00

May

0.00

3299799.00
3866365.00
5813557.00

J..n

0.00
1920507.00

2852210.00
6004156.00

Figure 11-11. The results ofusing PIVOT
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The PIVOT function specifies the aggregate expression SUM(TotalDue). The pivoted column is
OrderMonth. The IN expression contains the numbers 1-6, each surrounded by brackets. The IN
expression lists the values for OrderMonth that you want to show up in the final results. These values are
also the column names. Since columns starting with numbers are not valid column names, the brackets
surround the numbers. You could also quote these numbers. The INexpression has two purposes: to
provide the column names and to filter the results.

The outer SELECT list contains OrderYear and the numbers 1-6 surrounded with brackets. These
must be the same values found in the IN expression. Because you want the month abbreviations instead
of numbers as the column names, the query uses aliases. Notice that the SE LECT list does not contain the
TotalDue column. Finally, the ORDER BY clause specifies that the results will sort by OrderYear.

The results of query 2 are identical to the results from the pivoted results using the CASE technique in
the previous section. This query uses the ROUND and ISNULL functions to replace NULL with zero and round
the results.

Numbers Table
Many T-SQL developers and some DBAsuse what is a called a numbers table to help with some
advanced queries involving ranges of data. A numbers table is simply a table containing a sequential list
of numbers. The amount of numbers you put in the table is dependent on how many numbers you may
need and how large you want the table. As an example, let's create a numbers table with 500,000 rows ;
this should be enough for almost any task. First, you create the table. The table contains only one
column with a clustered index on the column. Listing 11-12 shows the script for creating the table.

Listing 11-12. Creating a Numbers Table

USE tempdb;

CREATE TABLE tblNumbers
(num INT NOT NULL
,CONSTRAINT pk_tblNumbers PRIMARY KEY CLUSTERED(num) WITH FILLFACTOR = 100
) ;

In this case, you created the table in tempdb. Normally, depending on your use of the table, you will
want to either create it in model database or in any user database needing a numbers table. The
preferred method is to create a new database used exclusively to store DBAobjects or custom T-SQL
code. You would then script out this utility database and create on every new server. Put a primary key
constraint on the column to avoid any chance of duplicate rows. You also create a fillfactor equal to 100
since you won't be inserting or deleting rows into the table.

The second step now is to populate the table with sequential numbers. Listing 11-13 populates the
tblNumbers with values 1-500,000. Although there are many ways to do this, you'll generate the values
by using the recursive CTE technique discussed earlier in the chapter.

Listing 11-13. Populating a Numbers Table

WITH cteO AS (SELECT 1 AS c UNION ALL SELECT 1),
ctel AS (SELECT 1 AS c FROM cteO a, cteO b),
cte2 AS (SELECT 1 AS c FROM ctel a, ctel b),
cte3 AS (SELECT 1 AS c FROM cte2 a, cte2 b),
cte4 AS (SELECT 1 AS c FROM cte3 a, cte3 b),
cteS AS (SELECT 1 AS c FROM cte4 a, cte4 b),
nums AS (SELECT row_number() OVER (ORDER BY c) AS n FROM ctes)
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INSERT INTO tblNumbers(num)
SELECT n FROM nums
WHERE n (= 500000

So now that you have a table with sequential numbers from 1 to 500,000, what are some things you
can do with it? You can use it as a method to create a calendar table for the current year. Listing 11-14
shows the code to create the table. Figure 11-12 shows the partial output.

Listing 11-14. Creating a Calendar Table

USE tempdb;
GO

SELECT dt, DATENAME( dw, dt )
FROM ( SELECT DATEADD( d, num - 1, CAST( CAST( YEAR( CURRENT_TIMESTAMP )

* 10000 + 101 AS VARCHAR(8) ) AS DATETIME ) )
FROM tblNumbers ) D ( dt )

WHERE YEAR( dt ) = 2011 ;

dt (No columnname)

I 1 [~!}~~.~i~~i~~~~] Saturday
I 2 2011·01-0200:00:00.000 Sunday

I 3 2011-01-0300:00:00.000 Monday

4 2011·01-0400:00:00.000 Tuesday

I 5 2011-01-05 00:00:00.000 Wednesday

6 2011-01-06 00:00:00.000 Thursday

I 7 2011-01-07 00:00:00.000 Friday

I 8 2011-01-08 00:00:00.000 Saturday

I 9 2011-01-09 00:00:00.000 Sunday

I 10 2011-01-1000:00:00.000 Monday

I 11 2011-01·11 00:00:00.000 Tuesday
I

1 12 2011·01·12 00:00:00.000 Wednesday

I 13 2011-01·1300:00:00.000 Thursday

14 2011-01·1400:00:00.000 Friday

1 15 2011-01 ·15 00:00:00.000 Saturday

Figure 11-12. Partial output ofthe calendar table

Another use for numbers table is to parse an array of string values separated by commas. These are
common in CSVfiles sometimes used in data imports. In this example, you will define in a variable a
short list of string values separated by commas. The code in Listing 11-15 will take this variable and use
the value from the numbers table in the SUBSTRINGO function. The output is shown in Figure 11-13.
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Listing 11-15. Parsing a Comma-Delimited List

USE tempdb;
GO

DECLARE @p VARCHAR(SO)
SET @p = 'ABCDE,FG,HIJ,KLMNO,PQR ,STUV, WX ,YZ '

SELECT SUBSTRING( ', ' + @p + ' , ' , num + 1,
CHARINDEX( " " ' , ' + @p + " " num + 1 ) - num - 1 ) AS "value"

FROM tblNumbers
WHERE SUBSTRING( , + @p + ' , ' , num, 1 ) = ' , '

AND num < LEN( ' ,' + @p + ' ,' ) ;

Resu s [

1

2

3

4

5

6

7

B

value

!"'AOC'O'E-'-!..__._... ~

FG

HIJ

KLMNO

PQR

STW

WX
yz

Figure 11-13. Results ofparsing a comma-delimited list

A numbers table is invaluable for any serious T-SQLprogrammer. The table helps to simplify many
complex problems while also increasing performa nce by avoiding cursors. I recommend creati ng a
nu mb ers table either in a database specifically used for data managem ent or in each user database. If
you crea te the table in the model database, the table will be created each time you create a user
database. Still, keep in mind the size of the table and only popu late it with the am ount of values you
think you will ever need.

• Note There are more uses foranumbers table than can be discussed here. For more details see Brandon
Galderisi 'sarticle atwww.sqlservercentral. com/articles/T-SQL+Aids/64696/. Jeff Moden and ltzic Ben Gan
also have some excellent discussions concerning the implementations ofnumbers tables foreveryday use.
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Database Cleanup
Run the scr ipt in Listing 11-16 to clean up th e tables used in thi s ch apter. You can download the script
from this book's page at www.apress.com. Alternately, you can reinstall the sample databases by follo wing
the instructions in the "Installing the Sample Databases" section in Chapter 1. Th er e is no need to clean
up databases created in tempdb. Th ese will be rem oved on ce you restart SQL Server.

Listing 11-16. Demo Table Cleanup

USE AdventureWorks2012;
GO

IF OBJECT ID( 'dbo.Customers') IS NOT NULL BEGIN
DROP TABLE dbo.Customers;

END;
IF OBJECT_ID( 'dbo.CustomerHistory ') IS NOT NULL BEGIN

DROP TABLE dbo.CustomerHistory;
END;
IF OBJECT ID( 'dbo.CustomerSource ') IS NOT NULL BEGIN

DROP TABLE dbo.CustomerSource;
END;
IF OBJECT_ID('dbo.CustomerTarget') IS NOT NULL BEGIN

DROP TABLE dbo.CustomerTarget;
END;
IF OBJECT_ID('dbo.Sa1es ') IS NOT NULL BEGIN

DROP TABLE dbo.Sa1es;
END;

Summary
This chapter covered ho w to wr ite advanced queries using some T-SQLfeatures suppor ted in SQL Server
2012. Starting with Chapte r 4, you saw how CTEs, or com m on tabl e expressions , can help you solve
query problems without resorting to temporary tables or views. In th is chapter, you lea rned several other
ways to use CTEs, including how to displ ay hi erarchical dat a with a recursive CTE. With th e OUTPUT
clause, you can return or store th e dat a involved in dat a m anipulation sta temen ts . If you will be involved
with load ing data warehous es , you can use the MERGE and GROUPING SET features to improve
performance. You learned two ways to writ e pivot queri es, using CASE and using the new PIVOT function.
Finally, you learned how to use a numbers tabl e to sim ply complex queries and in crease performance by
avoiding th e use of cursors.

Although th e material in thi s chapter is not required kno wledge for beg inning T-SQL developers, it
will be very beneficial to you to keep these techniques in mind. As you gain more experience, you will
often find ways to take advantage of these fea tures .
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Where to Go Next?

I hope you have enjoyed learning about T-SQLas much as I have enjoyed writing about it. Not everyone
is cut out to be a T-SQLdeveloper; it helps to really enjoy writing code . Programming is not something
you can just learn and be done with it. You will continue to learn new techniques as long as you are
programming T-SQL.The other thing you can count on is that Microsoft will continue to add new
features to SQLServer, including new T-SQLfeatures, giving you more to learn about. In fact, this book
describes numerous, completely new T-SQL enhancements only found in SQLServer 2012. I can
guarantee the next SQLServer release will have even more.

You may have read this book from cover to cover, typing in all the sample code and performing the
exercises found in most of the chapters. If you are like me, you may have just skipped around looking for
specific knowledge as you needed it, using the book as a reference. Either way, you would have found
simple examples that showed you how to use a specific feature or solve a particular problem. Each
chapter used techniques from the previous chapters to solve more complex query problems as the book
progressed.

I began writing T-SQL queries 12 years ago. I had a book that was about four inches thick on my
desk that contained just about everything I needed to know about SQLServer at the time, including T­
SQL.I remember constantly looking up how to join tables, write aggregate queries, or perform updates
until, eventually, I just knew the syntax. As I learned even more techniques, the syntax I knew continued
to grow, and the syntax I had to look up constantly changed. Since then, Microsoft has introduced
several new versions of SQLServer, expanding the feature set each time . I would probably need four or
five books the size of my old reference to cover everything offered with SQLServer today.

Online Resources
Besides having a great reference book in your hands, what other ways can you learn? Awealth of
knowledge is available for free on the Web. You can post questions on newsgroups and forums; read
articles, blogs, and white papers; and even view videos explaining how to write T-SQLcode . Someone
else has already posted an answer, blog, or article that covers just about anything you could ever want to
know. Here are some of my favorite sites featuring SQLServer information:

• www.sqlservercentral.com

• www.sqlteam.com

• www.microsoft.com/sqlserver/en/us/community.aspx

• www.sql-server-performance.com/

• http://sqlblog.com/
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• http://sqlserverpedia.com/

• www.sqlshare.com/

• www.mssqltips.com/

• http://sqlcat.com/

At the time of this writing, social networking sites such as Facebook, Linkedln, and Twitter make the
news every day. These sites provide yet another way to get answers to questions by discussing the issues
with colleagues across the world . For example, ifyou send a SQLServer question on Twitter and use
hashtag #sqlhelp, you'll get professionals from around the world willing to answer your question.

Because of printing and shipping costs and the impact of online resources, publishers are moving
print magazines to online services only. I suspect that over time we will see less and less paper and even
more online subscription resources. You'll also want to take advantage of e-books, which can be quickly
downloaded onto your reader and are much less expensive to purchase than physical books.

Conferences
If you get the chance to attend a conference such as Professional Association for SQLServer (PASS),
PASS SQLRally, DevTeach/SQLTeach, TechEd, or one of the other conferences featuring SQLServer
presentations, be sure to take advantage of the opportunity. The great thing about attending conferences
is that you get a chance to talk with the gurus and experts as well as listen to the presentations. You also
get to meet other people who face many of the same issues that you do and learn about the solutions
they have developed. Conferences can get you out of your day-to-day environment, get you refreshed,
and get you excited about the future.

Just as more and more traditionally printed material now appears on the Internet, you can also
attend virtual conferences via the Web. SQLServer World User Group hosts two or three virtual
conferences each year (www.sswug.orgl). The advantage to virtual conferences over in-person
conferences is in cost savings and lack oftravel. The disadvantage, of course, is not getting to meet the
speakers and other attendees face-to-face. Either way, attending conferences is a great way to learn
about SQLServer.

User Groups
Many metropolitan areas have user groups dedicated to programming languages or using certain
software. These groups often provide pizza, prizes, and educational presentations at meetings held on a
scheduled basis . To find a list of user groups that are associated with PASS, go to www.sqlpass.org. User
group membership is usually free. Afew dedicated volunteers run most user groups, and sponsors, such
as recruiting firms or software vendors, often pay for the food and provide prizes . Not only is attending
user group meetings a great way to learn T-SQLand other SQLServer topics, but you may also meet your
next employer at a user group meeting!

Also keep an eye out for SQLSaturday events. These events are part of PASS but are arranged by local
user groups. They occur throughout the year in various locations around the world . ASQLSaturday event
is an entire Saturday ofSQL presentations and-the best part-it's free! To see if there is a SQLSaturday
scheduled near you, go to www.sqlsaturday.com/and check it out.
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Vendors
Even though they may have an ulterior motive, such as getting you to buy a product, vendors creating
software for SQLServer developers and database administrators often provide a wealth of information.
Vendors have educational web sites, webinars, newsletters, and online books all for free. Some of the
software vendors employ high-profile SQLServer experts who speak at user group meetings and
conferences to provide education to the SQLServer community.

Books
Even though there are many online resources available to you, nothing beats a great book that you can
carry with you on an airplane or a bus . You now have the choice to buy the physical book, download the
book as a computer file, or read the book on a subscription device such as a Kindle or Nook. The great
thing about books by Apress authors, regardless of how you access the books, is that they are written by
developers and database administrators who have worked at real jobs-just like you. Apress authors can
pass along the benefit oftheir experience as well as their knowledge .

Ifyou need to get started learning a language or need to really focus on a particular area, a
well-organized book will save you a lot of time vs. hunting down resources on the Web. When learning a
new programming language, follow the examples from cover to cover at first. Then, once you are familiar
with the language, save your book as a reference for when you need more information about a particular
topic .

Classes
Ifyou live in a metropolitan area, many training centers offer SQLServer courses. These classes are a
great way to get you started with new language, especially if you learn better in person than with a book
or video. Another benefit is being able to ask the instructor questions, often even after the class is over by
e-mail. Like conferences, getting out of the regular work environment helps you focus and learn. I
encourage you to attend training classes, especially if your employer is willing to foot the bill.

SQl Server Books Online
Refer to SQLServer Books Online often. I am constantly surprised to learn new ways to use T-SQL
features from taking a look at Books Online when I thought I already knew all there was to know about a
feature . I often use Books Online as a starting point and then see how someone else explains the same
concept in a book or article.

One thing that I don't like about Books Online is how the syntax is presented. The syntax examples
include every possible option, making it, in my opinion, difficult to understand. I usually skip down to
the example code to figure it out. I hope you learned a lot by the way this book presented the syntax
examples, showing only what you needed to see to learn the particular topic at hand.

Practice, Practice, and More Practice
The only way to really learn T-SQLis by doing it. You can have an entire bookshelf filled with T-SQL
books, attend conferences and classes, ask questions, and surf the Web, but you won 't learn T-SQL
without practicing it yourself. I am reminded of a recent TVepisode of The Big Bang Theol}'where one of
the characters thought he could learn to swim by just reading about swimming on the Web. The more
you practice and experiment, the faster you will learn .
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This book is full of examples and exercises that you can use to experiment. What will happen ifyou
tweak this query, or how can you change that query so that it runs more efficiently? Keep working at it;
keep learning.

Teach Someone Else
I am always amazed at how much I learn when I must explain a concept to another developer or write
about a T-SQLtopic. To use a feature, you have to understand it, but to teach it, you have to know it at
an entirely different level. I have learned so much by writing this book, not only about the process of
writing a book, but about writing T-SQLcode . I have been surprised that writing a query one way didn't
really give me the performance increase I expected. I have learned about an optional parameter or a
different way to use a particular feature . To explain a concept to you, I had to really think about how the
query works, not just how to make it work.

I have learned a lot writing this book. Thank you for learning along with me.
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ABS function, 108
$action option, 407
ad hoc DELETE statements, 218
admin function, 116
Advanced queries, 391

CTE (see Common table expressions (CTEs))
database cleanup, 417
GROUPING SETS,409-410
MERGEstatement

$action option, 407
dbo.CustomerSource and

dbo.CustomerTarget, 408
disadvantage, 406
execution code, 407-408
FirstName, MiddleName, and LastName

columns, 408
results, 409
syntax, 406
target table, 406
UPDATE, INSERT, and DELETE

statement, 406
numbers table

calendar table, 415
comma-delimited list parsing, 416
data management, 416
primary key constraint, 414
sequential list of numbers, 414
table creation, 414
tblNumbers populating, 414-415
tempdb,414

OUTPUT clause
saving data to table, 404-406
view data, 402-404

pivoted queries
data with CASE, 411-412
PIVOTfunction, 412-414

AdventureWorks databases, 13-14
AdventureWorks2012 database, 32, 37
Aggregate functions , 170

Aggregate queries
aggregate functions, 170
CTEs, 193
CUBE and ROLLUP, 197-198
DISTINCT us. GROUP BY, 183
GROUP BYclause, grouping on columns, 172
GROUPING SETS, 196-197
HAVING clause, 179
ORDERBYclause, 177
performance, 200
WHERE clause, using correlated subquery,

187-189
with more than one table, 186

Alias, 41, 223
ALTER TABLE command, 271, 312
ALTER TABLE statement, 314
Arrays, 275
Asterisk (*), 87, 169, 170,253
AVG,169

BEGINkeyword, 249, 252
BETWEEN operator, 45-47
Big Bang Theory, The, 421
BIGINT,89
BinaryData column, 370
Books, 421
BREAK statement, 259
BusinessEntityID column, 340

ca1cColl,327
Cancel Executing Query icon, 133
Cartesian product, 134, 149
CASCADE rule, 324
CASCADE value, 321
CASE function

listing a column as the return value, 113
overview, III
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CASE function (cant.)
searched CASE, 112
simple CASE, III
updating data, 225

CASTfunction, 84-86, 369
ChangeDate column, 405
CHARINDEX function, 92
CHARstring data type, 368
Checkpoint, 373
CHOOSE function, 94
CIRCULARSTRING command, 386, 387
C# language, error handling, 264
CLRintegration. See Common Language

Runtime (CLR) integration
Clustered index, 31
COALESCE,83-84,115
CodePlex samples, 13
Column sets, 388
Common Language Runtime (CLR) integration

assembly, 351, 358
C# code, password generation, 351-356
CREATE PROCEDUREcommand, 358
dbo.usp_CustomerTotals, 359
dbo.usp_ProductSales, 359
DLL,350
execution, 358-359
GEOMETRY and GEOGRAPHY data types,

350
HOME-PC server, 357
LoadDataO function, 357
parameter @CustomerID, 359
sp_passwordgenerator results, 359
SqlProcedure call in C#, 357
tblHashCode, 357-358
TEST database, 357

Common table expressions (CTEs)
aggregate queries, 193
alternate syntax, 398-399
calling multiple times, 395-396
derived tables, 391
joining another CTE, 396-398
multiple

ASkeyword, 394
CREATE TABLE statements, 392
execution code, 392-394
partial results, 394
SELECTstatement, 392
tempdb,392
tempdbdatabase, 394
temp tables syntax, 391

recursive query, 400--402
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using to solve complicated join problem, 163
WITH keyword, statement types, 391

Composite keys, 316
COMPOUNDCURVE command, 386, 387
COMPUTED columns, 214, 325, 326
CONCATstatement, 81-82
Conditional code, 349
Conferences, 420
CONTAINSfunction

how to use, 65
using multiple terms, 66-67
results offull-text search operation, 66
syntax, 65

CONVERT function, 84-86, 104-105,369,401
COUNT,169
CREATE TABLE command, 271
CREATE TABLE statement, 314
CROSSAPPLY command, 309
CROSSAPPLY operator, 340
CROSSJOIN, 150

Data Definition Language (DOL)
statements, 311
triggers, 361

Data manipulation, 203
database cleanup, 238-240
deleting rows

DELETEstatement, 218-221
join/subquery, 221-223
overview, 218
truncating process, 223-225

inserting rows
adding one row with literal values, 204­

205
automatically populating columns, 214­

218
avoiding common insert errors, 205-207
creating and populating table in one

statement, 210-212
with default column values, 212-214
missing, 210
multiple rows with one statement, 207­

208
from other tables, 208-209
overview, 203

performance, 237-238
transactions

locking tables, 235-236



overview, 233
rolling back, 234-235
writing explicit, 233-234

updating rows
with aggregate functions, 230-233
expressions and columns, 227-229
with JOIN, 229-230
overview, 225
UPDATEstatement, 225-227

Data Manipulation Language (DML) statements,
311

Data types, 367
DATE, 375-376
DATETIME2,375-376
DATETIMEOFFSET, 376-377
HIERARCHYID

CLR,377
hierarchy creation, 378-380
HumanResources.Employee table, 377
OrganizationalNode, 377
stored procedures, hierarchical data

management, 380-382
viewing, 377-378

large-value binary data types
FILESTREAM (see FILESTREAM)
FileTables, 373-375
VARBINARY(MAX) data, 369-370

large-value string data types, 368
NTEXT and TEXTdata types, 367
VARCHAR(MAX),368-369

sparse columns, 388-390
spatial

circular arcs, 386-388
GEOGRAPHY, 384-385
GEOMETRY, 383-384
results tab, 385-386

TIME,375-376
Database cleanup, 362-365
Database Engine Configuration, 9
Database schemas, 32
DATALENGTH function, 92
DATEADD function, 100-101
DATEDIFF,101-102
Date function

CONVERT,104-105
DATEADD,100-101
DATEDIFF,101-102
DATENAME and DATEPART, 102-103
DAY, MONTH, and YEAR, 103-104
FORMAT,105-107
GETDATE and SYSDATETIME, 99

DATENAME and DATEPART function, 102-104
DATETIME2 data type , 375-376
DATETIMEOFFSET data types, 376-377
DAY function, 103
dbo.BinaryTest table, 370
dbo.DateDemo table, 375
dbo.demoCustomer table, 335-336
dbo.demoDept table, 333
dbo.demoPerson table, 335
dbo.fn_AddTwoNumbers function, 341
dbo.fn_FormatPhone function, 342
dbo.fn_RemoveNumbers function, 342
dbo.testCustomer, 328
dbo.tempCustomer table, 348
dbo.testOrder, 328
dbo.testOrderDetail,328
dbo.Trim function, 341
dbo.udfDelim, 339
dbo.udtProduct, 339
dbo.ufnGetContactinformation function , 339
dbo.usp_CustomerName, 344
dbo.usp_OrderDetaiICount, 347
dbo.vw_Customer, 336
dbo.vw_CustomerTotals, 336
dbo.vw_Products, 336
Default constraint, 212
DEFAULT values, 325-327
defCol,327
DELETED table, 402-403
Deleting rows

DELETEstatement, 218-221
join/subquery, 221-223
truncating process, 223-225

DENSE_RANK function , 123-124
DepartmentID column, 316
Derived tables, 161
DiffInMeters column, 385
Disk Space Requirements screen, 7
DivLevel, 379
DivNode column, 379

END keyword, 249, 252
Error Functions, 264
Error handling

T-SQL
using RAISERROR, 268
THROW statement, 269-270
using TRY CATCH with transactions, 269
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Error handling, T-SQL (cant.)
using TRYCATCH, 264-265

Error message, 175
Error trapping, 349
ERROR_LINEO function, 264
ERROR_MESSAGEO function, 264
ERROR_NUMBERO function, 264
ERROR]ROCEDUREO function, 264
ERROR_SEVERITYO function, 264
ERROR_STATEO function, 264
EXEC command, 344
Execution plan icon, 74-76
existt) method, 304-305
EXISTS function, 253
EXISTS keyword, 255
Explicit transaction, 382
Expression using operators

COALESCE, 83-84
CONCAT,81-82
concatenating other data types to strings, 84-

86
concatenating strings and NULL, 80-81
data type precedence, 89
ISNULL, 83-84
mathematical operators, 87-88
string concatenation, 79-80

FAST_FORWARD option, cursors, 277
FETCH clauses, 121
FILESTREAM, 10

CHECKPOINT command, 373
column populating, 372
Documents folder, 372-373
FileData column, 372
FileStreamDocuments folder, 371
NEWSEQUENTIALID function, 372
ROWGUIDID,372
SQL Server Configuration Manager, 371
VARBINARY(MAX) column, 370
working with column, 372

FileTables, 373-375
FileTableTest. txt, 374
Filtered index, 390
Foreign keys, 131
FORMAT,105-107
FORXMLAUTO mode, 292-294
FORXMLclause

AUTO mode, 292-294
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EXPLICIT mode, 294-296
modes, 290
PATH mode, 296-299
RAW mode, 291-292
SELECTstatement, 290

FORXMLEXPLICIT mode, 294-296
FORXMLPATH mode, 296-299
FORXMLRAWmode, 291-292
FREETEXT function, 68
FROM clause, 37,131, 132, 149
FULLGLOBE data type, 388
Functions. See also Ranking function

date functions (see Date function)
mathematical functions, 107-110
nesting functions, 97-98
ORDER BYclause, 117-118
performance, 126-128
string functions (see String function)
system functions (see System function)
WHERE clauses, 117-118

GEOGRAPHY_AUTO_GRID data type, 388
GEOGRAPHY data type, 382-385
GEOMETRY data types, 382-384
GETDATE function, 99, 214, 375, 405
GetDescendant method, 380
GetLevel method, 377
GetRoot method, 380
Global variables, 262
GROUP BY clause, 171-174, 178, 184,247, 411
GROUPING SETS, 196-197,409-410

HAVING clause, 177-179, 184
HIERARCHYID data type, 150

CLR,377
hierarchy creation, 378-380
HumanResources.Employee table, 377
OrganizationaiNode,377
stored procedures, hierarchical data

management,380-382
viewing, 377-378

HumanResources.Employee table, 340



IDENTITYcolumns, 214, 276, 325
IDENTITY_INSERT setting, 215
IF ELSE construct

ELSE, 250
IF,248
IF EXISTS, 254

IIF statement, 114
IMAGEdata type, 369
Include Actual Execution Plan setting, 165
IN expression, 414
INNERJOINs, 186

deleting from tables, 221
joining three/more tables, 137-138
updating with, 229

IN operator, 61-62, 187
INSERTEDtable, 402-403
Inserting rows

automatically populating columns, 214-218
avoiding common insert errors, 205-206
creating and populating table in one

statement, 210-212
multiple rows with one statement, 207-208
overview, 203

INSERTINTO clause, 204
INSERTstatements, 204-205
Instance Configuration screen, 6, 7
INT,89
IntelliSense, 20
INTO keyword, 204
ISNULL, 83-84
ISNUMERIC function, 342
Isolation levels, 235

Joins , 131
JustTheDate value, 375
JustTheTime values, 375

Kindle, 421

Large-value binary data types
FILESTREAM (see FILESTREAM)

FileTables, 373-375
VARBINARY(MAX) data, 369-370

Large-value string data types, 368
NTEXT and TEXTdata types, 367
VARCHAR(MAX),368-369

LEFTfunction, 91, 369
LEFTOUTERJOIN, 140, 186,210
LENfunction, 92, 369
LIKE with %, 52
LoadDataO function, 357
LocaiDB option, 1
Local variables, 242
Loops, 237-238,254,349
LOWER function, 95
LTRIM functions, 90

Many-to-many relationship, 137
Materialized view, 328
MAX, 169
MAXRECURSION option, 401
MERGEstatement

$action option, 407
dbo.CustomerSource and

dbo .CustomerTarget, 408
disadvantage, 406
execution code, 407-408
FirstName, MiddleName, and LastName

columns, 408
results, 409
syntax, 406
target table, 406
UPDATE, INSERT, and DELETEstatement,

406
Microsoft Help Viewer, 16, 17
MIN,169
minus symbol H , 87
Mise Documents, 373
modifyO method, 305-307
modulo (%),87
MONTH function, 103

Named Instances, 7
NCHARstring data type, 368
NEWSEQUENTlALID function, 372
NO ACTION option, 322
NO ACTIONvalue, 321
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NO ACTION rules, 324
NOCOUNT property, 276
nodeO method, 307-309
Nonclustered index, 31
NOT BETWEENoperator, 48-49
NotepadFiles table, 372
NOT NULL options, 312
NOT operator, and subqueries, 154
NOT with Parentheses, 60
NTEXTdata type, 367
NTEXT string data type, 368
NTILEfunction, 124-125
NULL counter variable, 256
NULL in the SalesOrderID column, 142
NULLin the Sales .SalesOrderHeader column,

142
NULL options, 312
NULLvalues, 63-64, 212
Numbers table

calendar table, 415
comma-delimited list parsing, 416
data management, 416
primary key constraint, 414
sequential list of numbers, 414
table creation, 414
tblNumbers populating, 414-415
tempdb,414

NVARCHAR string data type, 243, 368
NVARCHAR(MAX) string data type, 368

Object creation statements, 349
OFFSET clauses, 121
Online resources, 419-420
OPENXML

attribute-centric mapping, 287-288
ColPattern, WITH clause, 289-290
element-centric mapping, 288-289
query, 285-286
rowset, 285
shredding, 285
sp xmlpreparedocument and

sp xmlremovedocument commands,
285

WITH clause, 286-287
ORDERBYclause, 69-70,117-118, 176, 177,331,

344
ORDER BY FETCH NEXT... ONLYclause, 71, 72
ORDERBYOFFSET clause, 70
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OrganizationalLevel column, 377
OrganizationalNode,377
OUTERJOINS

adding table to left side of, 147
adding table to right side of, 144
CROSSJOIN, 150
deleting from tables, 221
FULLOUTERJOIN, 149
LEFTOUTER JOIN, 140
self-joins, 151, 152
updating with, 229

Outer query, 396
OUTPUT clause

saving data to table, 404-406
view data, 402-404

OUTPUT parameter, 346-349
OVER clause, 195

PARTITION BY clause, 121, 195
Pattern matching

using LIKE with %, 52
restricting the characters

results of queries, 54
square brackets with LIKE, 54
syntax for using brackets, 53

PERSISTED COMPUTED columns, 214, 326
PERSISTED property, 88
Person.Person table, 134
Phone data type, 359, 360
PIVOTfunction, 412-414
Pivoted queries

data with CASE, 411-412
PIVOTfunction, 412-414

PK_DepartmenCDepartmentID, 316
plus symbol (+), 87
POWER function, 108
Predicates, 245
Primary key, tables, 206
PRINT statements, 248

IF and ELSE blocks, 250
nesting WHILE loops, 258
variables, 243

Production.ProductColor table, 148
Production.ProductCostHistory table, 336
Production.Product table, 147,336
Professional Association for SQLServer (PASS),
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Query, definition, 205
queryt) method, 302-303
Querying multiple tables

CTEs, 163
derived tables, 161
INNERJOINS

joining on different column name, 135
joining three/more tables, 137-138

OUTER JOINS
adding table to left side of, 145-147
adding table to right side of, 143-145
CROSSJOiN, 150
FULLOUTER JOiN, 149
LEFTOUTERJOiN, 140
sel~joins, 151, 152

performance, 166-167
UNION queries, 157-158

RAND function, 109
RANK function, 123-124
Ranking function

DENSE_RANK,123-124
NTILE,124-125
RANK,123-124
ROW_NUMBER function, 121-123

Readable values, 378
Recursive code, 400
Referential integrity, 319, 361
REPLACE function, 96
REPLICATE function, 369
REVERSE function, 95
RIGHT function, 91
ROLLBACK command, 234
ROUND function, 109
Row constructors, 207
ROWCOUNT,257
ROWGUIDID, 372
ROWVERSION columns, 214, 325-327
RTRIMfunction, 90
rvCol, 327

Sales.SalesOrderDetail table, 132
Sales .SalesOrderHeader table, 132
Sales.SalesSpecialOfferProduct table, 136

Sales.Territory table, 145
Sample databases installation

AdventureWorks databases, 13, 14
installing books online, 15
Microsoft Help Viewer, 16, 17

Scalar valued user-defined functions, 337-339
Scoping rules, table variables, 273
Scripted SELECTstatement, 39
SELECTINTO statements, 210-212, 271, 273, 336
SELECTlist, 132,414
SELECT statements, 204

cursor loops, 281
data insertion, 209
execution plans, 74-76
filtering data

adding a WHERE clause (see WHERE
clause)

using BETWEEN operator, 45-47
combining wildcards, 54-56
date and time, 50-51
using the IN operator, 61-62
using NOT BETWEEN operator, 48-49
using NOT with parentheses, 60
pattern matching (see Pattern matching)

full-text search
using CONTAINS (see CONTAINS

function)
using FREETEXT, 68
searching multiple columns, 67
tables with full-text indexes, 65

index properties, 73, 74
mixing literals and column names, 40-41
retrieving from a table, 36-38
running first T-SQLstatement, 36
scripted SELECTstatement, 39
sorting data

ORDER BY clause, 69, 70
ORDERBYFETCH NEXT... ONLYclause,

71, 72
ORDERBYOFFSET clause, 70

statements returning literal values, 36
variables and, 241
working with nothing, 63-64

Service Configuration screen, 8
Set-based approach, 283
SET command, variables, 243
SET DEFAULTrule, 324
SET DEFAULTvalue, 321
SET NULL rule, 324
SET NULL value, 321
SETstatement, 241
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Setup Support Rules, 3
slash (ll , 87
SPACES function, 378, 382
Sparse columns, 388-390
Spatial data types , 382

circular arcs, 386-388
GEOGRAPHY, 384-385
GEOMETRY, 383-384
results tab, 385-386

SpatialLocation.ToString method, 385
SportsOrg table, 379, 382
SQLServer

clustered index, 31
database as container, 25-26
database schemas, 32
data in tab les, 26
data types

HumanResources.Employee table, 28
pho ne user-defined data type, 29

denormalized database, 30
editions, 24
nonclustered index, 31
normalization process, 29
normalized database, 31
service us. application, 24-25
SQLsever files, 26

SQLServer Books Online, 421
SQLServer Business Intelligence Edition, 24
SQLServer Compact Editio n, 24
SQLServer Developer Edition, 24
SQLServer Enterprise Edition, 24
SQLServer Express edition installation

Database Engine Configuration, 9, 10
Feature Selection screen, 5, 6
FILESTREAM configuration, 10, 11
Hardware and Software Requirements link, 3
Installation pane, 3, 4
installation report, 11, 12
Instance Configuration screen, 6, 7
LocalDB option, 1
planning pane, 2
Product Keyscreen, 4
Service Configuration screen, 8, 9
Setup Support Rules, 2, 3
Space Requireme nts screen, 7, 8
system checks, 5

SQLServer Installation Center, 12
SQLServer Integration Services (SSISl, 203
SQLServer Management Studio (SSMSl, 311

launch
Object Explorer, 19
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server dialog box connection, 18
running queries

AdventureWorks2012 database, 20
automatically generated code, 22
comme nted code, 23
file icon results, 23
HumanResources.Employee tab le, 21
IntelliSense, 20
results , 21
selected code, 22

SQLServer Standard Edition, 24
SQLServer Web Edition, 24
SQLServer Workgroup Edition, 24
SQLServer World User Group, 420
SQRTfunction, 108
SQUARE function, 108
Statement, definition, 205
Stored procedures

CLRintegration
assembly, 351, 358
C# code, password generation, 351-356
complex functions, 350
CREATE PROCEDUREcommand, 358
dbo.usp_CustomerTotals, 359
dbo .usp_ProductSales, 359
DLL,350
execution, 358-359
GEOMETRY and GEOGRAPHY data types,

350
HOME-PC server, 357
LoadDataO function, 357
parameter @CustomerlD, 359
sp_passwordgenerator results, 359
SqlProcedure call in C#, 357
tblHashCode, 357, 358
TESTdatabase, 357

create, alter, drop and execute syntax, 343
default values with parameters, 345-346
encapsulate logic, 342
EXEC command, 344
execution code, 344
using logic, 349-350
ORDERBY clause, 344
OUTPUT parameters, 342, 346-347
partial results, 345
Person.Person table, 344
programming logic, 342
saving results, 347-349
us. user-defined functions, 343

String function
CHARINDEX,92



CHOOSE,94
LEFTand RIGHT, 91
LEN and DATALENGTH, 92
REPLACE,96
REVERSE,95
RTRIM and LTRIM, 90
SUBSTRING,93
UPPER and LOWER, 95

SUBSTRINGfunction, 93
SUM,169
SWITCHOFFSETfunction, 376
SYSDATETIME function, 99, 375
SYSDATETIMEOFFSET function, 376
System function

admin function, 116
CASE Function (see CASE function)
COALESCE, 115
lIF, 114

SYSUTCDATETIME function, 375

Tables
adding check constraints, 312-313
adding UNIQUE constraints, 313-315
automatically populated columns

AdventureWorks2012 database, 328
COMPUTED columns, 325, 326
dbo.testCustomer, 328
dbo.testOrder, 328
dbo.testOrderDetail, 328
DEFAULT values, 325, 326
defCol and calcColl , 327
execution code, 326-327
IDENTITYcolumns, 325
PERSISTED COMPUTED columns, 326
results, 327
ROWVERSION columns, 325

data-modelling software, 311
foreign keys

with delete and update rules, 321-325
execution code, 320-321
REFERENCES keyword, 320
referential integrity, 319
results, 321
syntax, 319-320

primary keys
characteristics, 316
CLUSTERED keyword, 318
execution code, 317

HumanResources.Department table, 316,
317

NOT NULL,318
syntax, 316
tables creation, 319

variables
application, 274
using as array, 276

Table-valued user-defined functions, 339-342
tblHashCode, 357
Temporary tables

application, 274
using as array, 276

TEXTdata type, 367, 368
THROW statement, 269-270
TODATETIMEOFFSET function, 377
TOP keyword, 119-121
ToString method, 378, 384
Triggers, 361
Truncating process, 224
TRY CATCH,264-265
T-SQL

classes, 421
definition, 1
error handling

using RAISERROR, 268
THROW statement, 269-270
using TRYCATCH, 264-265
using TRY CATCH with transactions, 269

IF ELSE construct
ELSE,250
IF,248
IF EXISTS, 254

performance, 280, 282
teaching, 422
temp table/table variables

application, 273-275
using as array, 275-276

variables
declaring and initializing, 241-243
using in WHEREand HAVING clause, 245

WHILE
exiting loop early, 260
using ROWCOUNT, 257
using WHILEloop, 255

UDFs. See User-defined functions
Unary relationship, 151
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UNION ALL query, 400
Union query, 131, 156-159,409

grouping sets, 196
inserting multiple rows, 208

Updating rows
with aggregate functions, 230-233
with expressions and columns, 227

UPPER function, 95
Upsert, 406
User groups, 420
User-defined data types (UDTs), 359-360
User-defined functions (UDFs)

performance, 361-362
scalar valued functions , 337-339
us. stored procedures, 343
table-valued function, 339-342

valuet) method, 303-304
VALUES clause, INSERTstatement, 204
VARCHAR(MAX) string data type, 368-369
Variables, T-SQL

declaring and initializing, 241-243
using in WHERE and HAVING clause, 245

VBlanguage, error handling, 264
Vendors, 421
Views

avoiding common problems, 331-333
CREATE VIEWcode, 330
data manipulation, 334-336
execution code, 329
graphical designer, 331
HumanResources.Employee table, 328
materialized views, 328
ORDER BY clause, 330
Person.Person table, 328
results, 330
Sales .Customer table, 329
SELECTstatements, 329
syntax, 329
WHERE clause, 330

WHEREclauses, 178, 180, 181
with alternate operators, 43-45
using correlated subquery, 187
DELETE statements, 218
derived tables and, 161
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using functions in, 117-118
how to use , 42
performance, 126-128
predicates expressions, 42
results of using, 43
subqueries, 153, 156
syntax, 42
with three/more predicates, 58-59
with two predicates, 57-58
UPDATE statement, 225

WHILE loop
cursor loops, 276-280
exiting loop early, 260
using ROWCOUNT,257
table variables, 275
using WHILEloop, 255

Wildcards, 54-56
WITH keyword, 162
Work tables (temporary tables), 210

XML,285
data retrieval, FOR XMLclause

AUTO mode, 292-294
EXPLICIT mode, 294-296
modes, 290
PATHmode, 296-299
RAW mode, 291-292
SELECTstatement, 290

data type
AdditionalContactinfo column, NULL,

300
built-in table, 300
execution code, 300-301
existt) method, 304-305
modifyO method, 305-307
node method, 307-309
queryt) method, 302-303
results, 301
rules, 300
valuet) method, 303-304

OPENXML
attribute-centric mapping, 287-288
ColPattern, WITH clause, 289-290
element-centric mapping, 288-289
FORXML,286
query, 285-286
rowset, 285
shredding, 285



spxmlpreparedocument and
spxmlj'emovedocument commands,
285

WITH clause, 286-287
YEAR function, 103
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