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Preface
      

      Each year Microsoft invites all the MVPs from every technology and country to Redmond for an MVP Summit—all top secret—“don’t
         tweet what you see!” During the MVP Summit, each product team holds a series of presentations where they explain their technologies,
         share their vision, and listen to some honest feedback.
      

      At the 2007 MVP Summit in Seattle, Bill Gates presented his vision of the future of computing to the MVPs and then took questions
         for about an hour. I really enjoy these dialogues. I get the sense that if BillG wasn’t the founder of Microsoft, he’d make
         a great MVP. You can tell he likes us as fellow Geeks, and he’s rather candid in the MVP Q&A time. It’s one of my favorite
         parts of the MVP Summit.
      

      During the Q&A, the lines at the microphones are far too long to bother to join, so I daydream a few questions I’d ask BillG:

      

      
	As the world’s wealthiest Geek, what can you tell me about your PC?

         	Even with all your accomplishments, do you still find the most happiness and satisfaction with your family?

         	Do you play Age of Empires 2, and if so, want to join me in a game?

         	Kirk or Picard?

         	Can I buy you lunch?

      

And then I thought of a good, deep, Charlie Rose-type of question: “Centuries from now, would you rather be remembered as
         the guy who put a computer on every desk, or as the guy who ended malaria and fought the good fight against poverty?”
      

      As I try to guess what BillG might say, the answer is obvious. I’m glad that BillG’s intellect and resources are being directed
         at improving the human condition, and as an original Windows fan I’m proud of BillG. But the answer to my question is both—Windows
         has already done as much to fight poverty as will the Bill and Melinda Gates Foundation.
      

      Toward the end of the Q&A time, which was mostly taken up with technical questions, I was thrilled to hear one of the MVPs
         ask for his advice as a philanthropist. BillG said that we should all be involved in our communities and give of ourselves
         in creative ways: at the library, at schools, and with charities. “Do philanthropy where you are.” This idea of giving of
         ourselves is central to the MVP community.
      

      I’d been noodling for a while with the idea of an MVP charity book to help children, and I discussed it with my friend, Kalen
         Delaney, who liked the idea. The next step was to float the idea past the other SQL Server MVPs and see if it resonated with
         any of them. The response was overwhelming—within a couple of days, about 50 MVPs had signed on to the project. The question
         was, would a publisher bite?
      

      My agent, David Fugate of Launch Books, offered to help us for free. As David worked out how to assemble a contract with 50
         authors, with all the author proceeds going to charity, Kalen and I pitched the idea to those we know in publishing. When
         Michael Stephens of Manning Publications heard about it, he told me that Manning wanted in—that this was exactly the type
         of project that Manning wanted to publish. Mike liked both the community aspect of the project and the charity goals of the
         project. Manning also offered us a higher than usual author royalty, because we’re giving it all to charity.
      

      With a book contract under way, Kalen and I recruited Adam Machanic, Greg Low, Paul Randal, and Kimberly Tripp to help us
         with the editing. The book was divided into five sections aligned with the five job roles around SQL Server—database architecture
         and design, database development, database administration, performance tuning and optimization, and business intelligence.
         There was no rigid organization to the outline—MVPs were simply asked to submit abstracts for chapters that they wanted to
         write, and those abstracts were directed to the appropriate section editor. This would be a book driven by the MVPs’ individual
         passions, not by a comprehensive feature list. The section editors selected the best abstracts, but we committed to the idea
         that every MVP who wanted to contribute to the book could contribute.
      

      To select the charity, the MVPs nominated their choice with the restriction that it had to be a non-sectarian group that benefited
         children. And we wanted to give to a smaller charity—we didn’t just want our contribution to be added to a billion-dollar
         fund. Hugo Kornelis had heard good things about War Child in the Netherlands, and his nomination was selected in the first
         round of voting.
      

      I’m still amazed that this project came together. The 53 MVPs who contributed to this book did so for numerous personal reasons—a
         desire to make a difference in children’s lives, wanting to share knowledge, wanting to participate in a group effort for
         change. For some of us, it was an expression of our faith. Several MVPs told me they were glad to be a part of a project that
         reached beyond their typical circles and helped children.
      

      If you are reading this book, then you are “rich.” Considering your place in human history, you’re wealthier than most kings
         of centuries past—you are well educated, your grocery store shelves are full, you have a family doctor. For too many in the
         world, that is not the case. There are communities without clean water, children hurting from war, and AIDS orphans who have
         no family or place to sleep. When one ponders the immense need and poverty in the world, it’s easy to become overwhelmed with
         hopelessness. How can a single drop of ink change the color of an ocean? But we have no other option than to do what we can.
         My philosophy is that of Confucius: “It is better to light one small candle than to curse the darkness.”
      

      [image: ]

      
         

Some (not all!) of the SQL Server MVPs contributing to this book were photographed by Bill Vaughn at the 2009 MVP Summit.

      Even BillG can’t heal the world, but we can each make a difference. By buying this book, you’ve supported War Child. I echo
         BillG’s words, that we should all find ways to do philanthropy where we are. I encourage you to find the best way you can
         to make a difference.
      

      So, welcome to SQL Server MVP Deep Dives—a collaborative work by 53 passionate MVPs.

      PAUL NIELSEN
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      November 4, 2009

      To Paul, Kalen, Greg, Adam, Paul, Kimberly, and all the SQL Server MVPs,

      On behalf of War Child, I would like to thank the SQL Server MVPs who worked so hard on this project for selecting War Child
         and for your contribution. It greatly encourages me to see your concern for children who have been traumatized by war.
      

      War Child was launched in North America in 1999. Since that time, much has changed, but one thing has not. Conflicts continue
         to rage around the world and children, increasingly, are its victims.
      

      Like all charities, our ultimate goal is to become unnecessary. Unfortunately, a decade in, our work is now more vital than
         ever. And that is why your support is so greatly appreciated.
      

      Once again, thanks to everyone who has contributed to this book.
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      James Topham
Director of Communications
War Child

      

About this Book
      

      In this book, the world’s leading practitioners of SQL Server present a collection of articles on techniques and best practices
         for SQL Server development and administration based on many years of combined experience. The 53 MVPs who contributed to the
         book each picked an area of special interest to them and shared their insights and practical know-how with you. The topics
         covered will appeal to a broad range of readers with varied levels of SQL Server experience, from beginner to advanced.
      

      
How the book is organized
      

      This book has 59 chapters divided into five parts that correspond to the five job roles around SQL Server:

      

      
	
Part 1 Database architecture and design
         

         	
Part 2 Database development
         

         	
Part 3 Database administration
         

         	
Part 4 Performance tuning and optimization
         

         	
Part 5 Business intelligence
         

      

There is no rigid construction to the book, no list of SQL Server features that needed to be covered. The contributors to
         the book submitted abstracts on their topics of expertise and these were added to the appropriate sections. The parts editors
         reviewed the abstracts and chose the ones that best fit into their grouping of chapters.
      

      
Source code
      

      All source code in listings or in text is in a fixed-width font like this to separate it from ordinary text. Code annotations accompany some of the listings, highlighting important concepts. In some
         cases, numbered bullets link to explanations that follow the listings.
      

      The source code for the examples in this book is available online from the publisher’s website at www.manning.com/SQLServerMVPDeepDives. The source code is organized by chapter, but please note that not all chapters have code listings in them.
      

      
Author Online
      

      The purchase of SQL Server MVP Deep Dives includes free access to a private web forum run by Manning Publications, where you can make comments about the book, ask
         technical questions, and receive help from the authors and from other users. To access the forum and subscribe to it, point
         your web browser to http://www.manning.com/SQLServerMVPDeepDives.
      

      This page provides information about how to get on the forum once you’re registered, what kind of help is available, and the
         rules of conduct on the forum. Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between
         individual readers and between readers and the authors can take place. It’s not a commitment to any specific amount of participation
         on the part of the authors, whose contribution to the book’s forum remains voluntary (and unpaid). We suggest you try asking
         them some challenging questions, lest their interest stray!
      

      The Author Online forum and the archives of previous discussions will be accessible from the publisher’s website as long as
         the book is in print.
      

      

About SQL Server MVPs
      

      The Microsoft Most Valuable Professional (MVP) award is given in recognition of contributions to the community and is renewed
         yearly. Contributions can take many forms, and those forms are constantly evolving.
      

      MVPs are simply the top influencers in many different kinds of communities. They all give their time to the community in one
         or more significant ways. They may be forum or newsgroup moderators, authors, bloggers, trainers, speakers, user group or
         SQL PASS leaders, and I’m sure I’m leaving some activities out. MVPs are also the most highly skilled individuals on Microsoft’s
         technology outside of Microsoft. In recognition of their place as the best aggregators of customer feedback and the broadest
         channel of communications out to customers, MVPs are given more access to dev teams than any group of customers in order to
         maximize both inbound and outbound communications with the community.
      

      Most MVPs work across a number of SQL Server areas. Having a single broad category allows MVPs more access to the breadth
         of the product. Earlier this year some of us started a customer profile initiative on http://connect.microsoft.com/sqlserver that enables us to better identify all the interests of MVPs and other customers to help our dev teams engage more effectively
         with the MVPs who specialize in their areas of the product.
      

      Microsoft invests a lot in the SQL Server MVP program, and in the following short interview, MVP Liaison Ed Lehman explains
         why this investment is worthwhile.
      

      
Interview with Ed Lehman, SQL Server Product Team MVP Liaison
      

      






	
                  Q:

               
               	
                  How have the MVPs influenced SQL Server—any anecdotes from Katmai or Yukon?

               
            


	
                  Ed:

               
               	
                  MVPs have influence on the product from two different perspectives. We look to our MVPs as an aggregated voice of the community
                     as well as a rallying force within the community.
                  

               
            


	
                  Q:

               
               	
                  When did the SQL Server MVP program get started?

               
            


	
                  Ed:

               
               	
                  I don’t know exactly how long the SQL Server MVP program has been around, but I do know that it has grown significantly in
                     the last few years, and I believe that our culture has grown over that same period of time to value customer feedback more
                     and be much more transparent with MVPs on our future directions.
                  

               
            


	
                  Q:

               
               	
                  Any funny stories about the SQL Server MVP program?

               
            


	
                  Ed:

               
               	
                  Not really a funny story, but one of my favorite memories is when I first starting getting more involved with the MVPs. Stephen
                     Dybing was moving on to a new role after a number of years working with the SQL Server MVPs. At his last summit meeting, all
                     the MVPs presented him with a special award and gave him a standing ovation for all his hard work over the years. I knew then
                     that this was a special family that I was privileged to be involved with. Of course, that was about 15 minutes before I got
                     my first personal taste of passionate feedback from the MVPs. I think it was over the ever-popular question of newsgroups
                     versus forums.
                  

                  Another one of my favorite times is the end of each of our summits over the last couple of years where I get to hear feedback
                     from the MVPs and dev teams about the value of the time they have spent together and how re-energized the MVPs are to go back
                     out into the community.
                  

               
            


	
                  Q:

               
               	
                  How does Microsoft engage with MVPs?

               
            


	
                  Ed:

               
               	
                  Once each year, the Microsoft campus is overrun by an event to which all MVPs are invited. In recent years, this has been
                     the largest event hosted on campus. The focus of the event is multiple days of deep-dive sessions where dev teams explain
                     future plans and spend a lot of time getting feedback on those plans. For the past few years, we have started a tradition
                     of having an additional MVP summit for data platform and related MVPs as a track of private sessions during the SQL PASS summit
                     covering the same kinds of feedback discussions. This additional event gives us two great opportunities each year for concentrated
                     face-to-face interactions between the MVPs and dev teams.
                  

               
            





Part 1. Database design and architecture
      

      Edited by Paul Nielsen

      Any database can be evaluated on six basic criteria: usability, data integrity, scalability, extensibility, availability,
         and security. Of these database objectives, the first four are primarily driven by the design and development of the database.
         One of the best practices that serves as a root cause for each of the four design-driven goals is the elegance of the database
         design itself.
      

      The trouble is that elegance of design can be an elusive creature—difficult to define, difficult to achieve, and difficult
         to teach. But we do know that at the core of every well-designed database are the principles of normalization. In the application
         development world, technologies are annual trends, but not so in the database world. Even after nearly 40 years, normalization—one
         grouping of things is one entity, one thing is one tuple, one fact is one attribute, and every attribute must describe the
         tuple—is still the foundation of database technology. In the quest for elegance of design, the concepts of generalization
         and data-driven design augment, but don’t negate, normalization. The war cry of the data architect is still, “The key, the
         whole key, and nothing but the key!”
      

      I am concerned, however, that database development skills—database design, normalization, and T-SQL—seem to be a dying art.
         In many shops, the lone data architect is outnumbered 50 to 1 by developers who don’t respect the importance of data integrity.
         Managers listen to the crowd, and systems are designed for today rather than for next year, much less the next decade. The
         design methods and development tools used to encapsulate data should be at least as stable and live as long as the data. And
         data lasts a long, long time. Ask around, and see how many DBAs manage data that’s 10, 20, or 50 years old. Most do.
      

      The average lifecycle of a popular application development language is 3 to 5 years; a stored procedure written 20 years ago
         still runs (with maybe a slight tweak to the JOIN syntax). I picture the database as a granite rock that will last for an eon. Occasionally a UI developer comes along and
         paints a pretty chalk picture on the rock; it washes off and a few more UI developers add their pictures. They all wash off
         with time, but the rock remains. OK, it’s a stretch, and I do like a great UI, but the point is that any IT architecture should
         be founded on data integrity.
      

      This part of the book has three chapters focused on improving your skills in gathering data requirements and designing the
         database.
      

      
About the editor
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      Paul Nielsen is a SQL Server data architect who has enjoyed playing with data for three decades. He’s the author of the SQL Server Bible series (Wiley), is convinced that SSMS is the ultimate UI, and dreams in E/R diagrams and T-SQL. Paul is the founder of NordicDB—a
         software startup company that offers a specialized SaaS CRM solution for non-profits. Paul lives in Colorado Springs with
         a wife who is far more beautiful than he deserves and his three children (ages 22, 21, and 5). He speaks at most conferences
         and offers seminars in database design. His website is http://www.SQLServerBible.com.
      

      
Chapter 1. Louis and Paul’s 10 key relational database design ideas
      

      Paul Nielsen and Louis Davidson
      

      Even though the database world is more stable than the app dev world, which seems to have a hot new language every other week
         (our procs written in SQL Server T-SQL 4.21 still run, for the most part), there are still controversies and key ideas that
         are worth examining. For the 24 Hours of PASS, we presented a session on Ten Big Ideas in Database Design:
      

      

      
	Denormalization is for wimps

         	Keys are key

         	Generalize, man!

         	Class <> table

         	Data drives design

         	Sets good, cursors bad

         	Properly type data

         	Extensibility through encapsulation

         	Spaghetti is food, not code

         	NOLOCK = no consistency

      


1. Denormalization is for wimps
      

      A common database development phrase is “Normalize ‘till it hurts, then denormalize ‘till it works.” Poppycock! Although denormalization
         may have yielded better results for OLTP databases using SQL Server 6.5 and earlier, it is only rarely the case in modern
         times.
      

      For OLTP or operational databases (not reporting databases or BI) a correctly indexed normalized schema will nearly always
         perform better than a denormalized one. The extra work required to double insert, double update, or pivot denormalized data when reading will almost always cost
         more than the perceived benefit of reading from a single denormalized location. Unless you do performance testing and know
         your application’s profile, it is likely that when you denormalize, you’re introducing performance problems that would have
         been easy to avoid by learning better SQL practices. But the root cause of most less-than-normalized databases isn’t an effort
         to improve performance; it’s the incompetence of the person designing the database and the programmers writing the queries.
      

      In specific cases it’s good to denormalize even in an OLTP database. For example, within an inventory system, it might make
         sense to precalculate the inventory transactions and store the quantity on hand for parts per location. Read/write ratios
         should be carefully considered, and you should never assume that denormalization is required without testing it both ways
         under load—properly normalized and denormalized. (And consider asking an MVP in the newsgroups if there is a better way to
         do things—helping people is what the MVP program is all about.)
      

      First normal form is critical: first normal form means not duplicating columns, but it also means one fact per attribute with
         plain, human-readable data, as well as not having unique rows. Violating first normal form is more common than you might think:
         smart keys such as product codes that embed data within the product code violate first normal form. If it takes combining
         multiple attributes to deduce a fact, that violates first normal form. Bitmasked attributes that embed data within a binary
         column (bit 1 means this, bit 2 means that) is an extreme violation of first normal form because anyone who can figure out
         binary encoding should know better. Remember, good index utilization is very specifically tied to first normal form. Embedded
         meaning inside a column (for example, the middle three characters of a five-character string), is not so easily indexed, particularly
         when it is not the first part of the value.
      

      
2. Keys are key
      

      It’s downright scary how many production databases have no primary and foreign key constraints, and even more use identity
         integers or GUIDs as the only uniqueness constraints on their tables. I guess the idea is that the front-end application is
         ensuring only good data is passed to the database.
      

      I wonder if those developers have ever flown internationally. In 2007, I (Paul) made three trips to Russia (and had a great
         time). At the Delta ticket check-in counter, they check your passport. When boarding the plane, they check your ticket and
         your passport. But in Moscow, the passport control officers don’t just assume that everything must be okay. They scan your
         passport, do a quick computer check on your identity, and verify your Russian visa. In the UK, everyone entering is photographed.
         The U.S. takes fingerprints. These are folks who understand the concept of database enforced keys.
      

      There are two true things about every database I’ve ever worked with that had no keys. First, the IT manager thought the data
         was good. Second, the database was full of bad data.
      

      There are some database developers who don’t use keys. Don’t be that guy.
      

      While we’re on the subject of primary keys, composite primary keys lead to composite foreign keys, which eventually lead to
         joining on nine columns and clustered indexes as wide as the Grand Canyon. Although this is technically not incorrect, it
         is annoying, it causes poor performance, and it’s one of the reasons the concept of surrogate keys was introduced.
      

      Surrogate keys (INT IDENTITY columns) are small, fast, and popular, but don’t forget to add a unique constraint to the candidate key columns or you’ll
         end up with duplicates and bad data. That’s just one more guy you don’t want to be.
      

      
3. Generalize, man!
      

      Some so-called “normalized” databases are overly complicated, which causes some developers to feel that the more normalized
         a database is, the more tables it will have. This leads them to say weird things like, “I only normalize to third normal form;
         otherwise there are too many tables.”
      

      A typical cause of an overly complicated database is that the data modeler was overly specific in determining what types of
         things should be grouped together into an entity. This extreme bloats out the number of tables, makes development both expensive
         and frustrating, and gives normalization a bad name.
      

      On the other extreme, some database designers merge too many types of things into a single huge gelatinous blob. These database
         designs appear simple and easy to work with but in fact tend to exhibit integrity issues over time.
      

      The technique that many database developers naturally use but don’t name is generalization—combining similar types of things to make the databases simpler. A well-generalized database is still perfectly normalized—the
         difference is that the scope of things in an entity has been explicitly designed. This reduces development time, makes the
         database more flexible, and increases the life of the database.
      

      The art of database design—moving from the extreme to an elegant design—is all about learning how to generalize entities so
         you have a database that’s both normalized (has integrity) and usable (meets requirements but is not overly complex).
      

      
4. Class <> table
      

      There’s both a technical and cultural impedance mismatch between the object world and the database world. Relational databases
         don’t readily represent inheritance. The .NET-heads treat the database as nothing more than a data dump, and the database
         geeks don’t care to understand classes, inheritance, and objects. Since most shops have a .NET to database developer or data
         modeler ratio of about 50 to 1, the database voices are drowned out. In addition, application programming languages are like
         ear candy to managers just dying to get the job done faster, and we just have T-SQL (good old faithful works-like-a-charm
         T-SQL, but face it, not the most exciting language). The result is that management is losing any respect it had for the database
         discipline. The database is under attack and losing the war.
      

      Too often the solution is to use an application layer object-relational mapper, such as NHibernate or the Entity Framework.
         This provides a poor abstraction for the database. The response is all too often to create a table for every class and a row
         for every object. This fails to properly represent the classes.
      

      The solution is not something that can be bottled as a magic potion. The object layer needs to be designed for the .NET needs,
         and the database for the database’s needs (that part is easy!).
      

      Part of the solution is to model the object world in the database using supertypes, subtypes, and views that join the tables
         to present all the objects in a class. But some things are tables in a relational database and multivalued properties in the
         object. Some classes will expand to many tables. What is required to make this work?
      

      Teamwork. Architects from the relational and object-oriented disciplines need to work together and build an intermediate layer
         that works. Then we can build tools to make that process easier.
      

      
5. Data drives design
      

      According to common wisdom, business logic has no business in the database. If the point is to keep messy hard-coded logic
         out of T-SQL code, I agree, but business logic is most flexible when it’s pushed down from the application front end, down
         past the data access layer, down deeper than the stored procedure layer, down past the database schema, all the way into the
         data.
      

      The best place for business logic is in the data. Every variable in the business formula should be stored in the database
         rather than coded in any programming language. The behavior of the application is then determined not by .NET code, or T-SQL
         case expressions, but by the data. Joining from the current data set to the business-rules data sets can dynamically plug
         the correct values into the business formula for the appropriate row. An admin application can modify the business-rule data
         at any time without code changes. This is the freedom and elegance that a data-driven database adds to the application.
      

      
6. Sets good, cursors bad
      

      Perhaps the most egregious error in SQL Server development is the T-SQL cursor. Nearly everyone has heard how evil cursors
         are. Writing a database cursor is like going to the bank and depositing a million dollars, one dollar at a time, using a million
         tiny deposits. In the set-based solution, you just hand over a million one dollar bills at once. The same work is done (the
         money is counted and deposited) but the teller will not have to have a separate conversation with you for each piece of paper.
         The performance difference is obvious, and you are saving 999,999 deposit slips to boot. Typically a set-based solution will
         perform a magnitude better than an iterative solution and will scale significantly better.
      

      There are times when writing a cursor is the best technique—when the logic depends on the order of the rows, or when the code
         is iterating though DDL code generations, for example. But claiming that “it’s really hard to figure out the set-based way to handle this problem” is not
         a legitimate reason to write a cursor. Unfortunately, cursors are sometimes written because the database design is so horrid
         that set-based code is nearly impossible.
      

      The key point concerning cursors and database design is that a well-normalized database schema will encourage set-based queries,
         whereas a denormalized (or never normalized) database schema will discourage set-based code. That’s one more reason to normalize
         that database schema.
      

      
7. Properly type data
      

      Don’t make every string column VARCHAR(255). Don’t make every column that holds money values MONEY. You wouldn’t serve pigs from a teacup, nor would you serve tea from a pig’s trough. Use the right-sized data type; this
         is the first line of defense in ensuring the integrity of your data. It is amazing how many databases use VARCHAR(255) when the front-end application only allows 30 characters and report definitions only allow 20.
      

      

Tip

      Obfuscated database schemas are another real pain, and they serve no purpose. J12K98D is not a reasonable table name.

      


8. Extensibility through encapsulation
      

      Architects recognize the value of separation of concerns, and encapsulation is the heart of service-oriented architecture.
         Why isn’t encapsulation for the database respected?
      

      Of all the possible SQL Server practices, one of the very worst is application-based ad hoc SQL: any SQL statement that is
         passed directly from the object layer directly referencing SQL Server tables. Why? Because the tightly-coupled database becomes
         brittle—a slight change to the database breaks hundreds to thousands of objects throughout the application code, reports,
         and ETL processes. An abstraction layer lets the database developer modify the database and, so long as the database API isn’t
         changed, the outside world is not affected.
      

      Every individual computing component should be wrapped in a protective layer, encapsulated to hide the complexities of what’s
         inside.
      

      
9. Spaghetti is food, not code
      

      Spaghetti coding was very much the norm back in the “good old days” (which weren’t all that good, if you ask me). We had BASIC
         or COBOL, and when you wanted to change the next line that you were executing, you said GOTO 1000, which took you to line 1000 of the source code. It was cool at the time, but as programming became more complex, this got
         out of hand, and people were using GOTOs like crazy. The term spaghetti code referred to how the control jumped all over the place like a strand of spaghetti.
      

      So you are probably thinking, “We don’t even use GOTOs in our code.” That’s true, but what we do is often much worse. Sometimes we write messy code that does unnecessary dynamic SQL calls that cannot be readily interpreted by the support person, and in other cases we create blocks
         of code like the following that are difficult to support:
      

      IF condition
       QUERY
ELSE IF condition
      QUERY
ELSE
     EXECUTE procedure --which in turn has another IF block like this
END

      This kind of spaghetti coding pattern is bad enough, but it really gets messy when it is difficult to discern where a problem
         is coming from because it is happening “somewhere” in the code—not in an easily located call. Consider these examples:
      

      

      
	An UPDATE fires a trigger that calls a procedure that inserts data in a table that then fires a trigger that calls a procedure that
            contains complex business logic.
         

         	A stored procedure uses a temp table created in a different stored procedure, which is then modified in another stored procedure.

         	A global temporary table is created in a procedure, and then is used in a different connection.

         	A global cursor is opened in a procedure and is used by other procedures that may or may not be called or closed.

      

One of the reasons things like triggers get a bad name is that there is so much overuse of triggers that fire other triggers
         and procedures, and programmers don’t like unexpected results from the “magic” that triggers can do. And can you blame them?
         Getting predictable results is very important to the process, and a mess of triggers calling procedures calling triggers with
         cursors (and so on) makes getting correct results difficult and support nearly impossible.
      

      
10. NOLOCK = no consistency
      

      Locks are a very important part of SQL Server to understand. They allow multiple users to use the same resources without stomping
         on each other, and if you don’t understand them, your job of tuning the server is going to be a lot harder.
      

      For many people, the seemingly logical way to get around the problem of locks is to ignore them by using one of these methods:

      

      
	Using SET TRANSACTION ISOLATION LEVEL READ UNCOMMITTED to have all following code neither set nor respect locks
         

         	Using locking hints of NOLOCK or READUNCOMMITTED on tables in queries
         

      

But both of these methods open up more complicated problems for your support status. By ignoring locks, you will get rows
         that are in the middle of being processed, and they may not be in their final resting place. This means that you may be getting
         data that was never committed to the database, or data that is in an intermediate state.
      

      What is the solution? Consider how long the locks are held and how much is being locked. The default isolation level for SQL
         Server, READ COMMITTED, will generally only lock one row at a time when it fetches rows. Even inside a transaction, you can get different results
         for the same query depending on the transaction isolation level. (Only the highest transaction isolation level, serializable,
         will prevent other users from changing or adding rows that your query has viewed; snapshot isolation level will let your results
         stay constant by saving changes temporarily for your queries.) However, transaction isolation assumes that the server can
         discern your actions from the structure of your database. For example, consider the following:
      

      UPDATE tableName
  SET  column = 'Test'
  WHERE tableNameKey = 1

      If I asked you how many rows needed to be locked, you would immediately assume one, right? That depends on the indexing of
         tableNameKey. If there is no index, an update will scan every row, and the lock taken could lock all readers out of the table.
         Many locking issues fall into this category, where the query processor has to lock many more rows than would be necessary
         if it knew that only one row would be affected by this query.
      

      In SQL Server 2005, Microsoft added in something called SNAPSHOT isolation level. In SNAPSHOT isolation level, when you start a transaction, all the data you read will look exactly as it did when you started the transaction.
         Currently executing processes don’t lock you out; they maintain the previous version for anyone who wants to see it. This
         is a nifty way to implement a system, but it presents some difficulties for modifying data—you really have to consider how
         the SNAPSHOT isolation level will affect your queries and applications. SNAPSHOT transaction isolation uses row versioning to store the before image of the data in tempdb, so fully understanding the impact
         on your hardware is very important.
      

      All of this leads us to a database setting called READ_COMMITTED_SNAPSHOT that will change the way the default READ COMMITTED isolation behaves. This setting uses SNAPSHOT isolation level at a statement level, so the results you get for a query will only include rows that have been committed;
         but if someone changes the data after you start getting results, you won’t see that. This is generally good enough locking,
         and it is certainly enough if you are using optimistic locking techniques to protect users from overwriting other users’ changes.
      

      One thing that is clear is that concurrency is not an easy problem to solve. In this chapter, we are pointing out that ignoring
         locks is not the same as tuning your database system because you are sacrificing consistency for speed. If your data really
         does need to be heavily locked, perhaps it’s better to let it be.
      

      
Summary
      

      This list of ten key database ideas offers a quick taste of the challenges you’ll face when designing and developing database
         applications. It’s not always easy, but unlike many other computer-related challenges, the theory and practices for designing and implementing a relational database have
         remained relatively stable for many years. The main reason for this is that when Codd developed the initial relational database
         system, he took into consideration the kind of stuff we talked about in our eighth point: encapsulation.
      

      Whereas SQL has remained reasonably stable, the engines that run the database servers have become more and more powerful.
         If you follow the rules, normalize your data schema, and write set-based queries, that SQL statement you write on a small
         dataset on your own machine will be far easier to optimize when you get to the reality of millions of rows on a SQL Server
         machine in the cloud, where you don’t have access to the hardware, only the SQL engine.
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Chapter 2. SQL Server tools for maintaining data integrity
      

      Louis Davidson
      

      You’ve probably seen it before: a client has called the help desk and reported that a couple of queries have seemingly inconsistent
         results. You’re called in to test the queries, so you start digging. You run two queries, and the results for one query don’t
         seem right, considering the other query’s results. So you start to wonder, “Is it my understanding of the schema?” You then
         start looking at the data model and the tables seem wonderfully designed. Your query should work. Dang, now what?
      

      You dig deeper, and realize... the only objects you find in the database are tables. No constraints, no relationships, no
         nothing. A quick query later and you find that orphaned rows in a child table show up in one query but not another. At this
         point it’s clear that almost all of the data in these tables is suspect because if you can’t trust that a simple relationship
         works, can you trust that the child rows that exist are for the proper parent? Sadly, the answer is no, because the software
         may have created a new parent row that reused a key value. Now ideally you’ll test the consistency of the data every time
         you use the data, to verify that it’s correct. It doesn’t take a genius to determine how long before that gets old.
      

      So how do you avoid this calamity? Protect the data using all of the tools you have available. In this chapter, I’ll present
         many of the tools that SQL Server gives you to help protect your data from corruption, usually in a behind-the-scenes manner
         that the client doesn’t really have to worry about. I’ll also present guidance on how to decide what type of protection and
         where, and give examples of each type of protection. I’ll break down the topic into the following two sections:
      

      

      
	
Protection tools— Introducing the tools that SQL Server gives us and techniques for using them
         

         	
When and why to use what tool— Examining the different types of protection tools and discussing when and where they should be used
         

      

The goal will be to protect the data such that it’s guaranteed to be fundamentally correct, meaning that completely illogical
         or impossible data isn’t allowed. For example, consider a column that holds an employee’s salary. Logically, it’ll be a number
         value, and should probably have a reasonable upper and lower bound. What those bounds are is up to the individual situation,
         but the minimal goal is to make sure completely illogical data is never stored. Without any real concern, you can set a lower
         bound of 0 on a salary, as by definition a salary is pay, not a fee to come to work (that is what timesheets and staff meetings
         are for). You might use a numeric(15,2) data type to establish an upper bound of 999,999,999,999.99 for the salary value (even the CEO of Enron never made that kind of money).
      

      The application code will be used to warn users that the average salary for a data architect is less than 200 million dollars...
         but if you want to pay that much, I’ll take it. The final result is that there’s no way that the value too freaking little will show up in the salary column.
      

      
Protection tools
      

      In this section I’ll introduce the different tools available for you to protect the quality of your data. Understanding the
         tools at your disposal for protecting data quality is the second most important thing to know and know well (the third being
         how to write set-based queries, and the first being normalization). This chapter is about automatic data protection, meaning
         tools that can be used to seamlessly protect the integrity of the data without any further coding effort or user action to
         make sure that they work, and no method of overriding the protection without cheating (you can disable some protections, and
         you can get around them using bulk copy methods).
      

      You can also take manual steps to protect your data; they generally require the client to adhere to a given API to work. This
         could include stored procedures, client code, defaults, and so forth. I won’t discuss manual protection in this chapter, but
         the point of using manual data protection techniques is that they enforce rules that can be overridden or applied situationally,
         or that are frequently changed. These rules are generally apt to change, so you wouldn’t be able to easily write a query to
         find data that didn’t meet the rules over a long period of time.
      

      We’ll discuss the following types of protection that allow you to design integrity into the base structure:

      

      
	
Data types— Defining the storage of values of the proper base type and size
         

         	
NULL specifications— Making sure that only columns where you might have a NULL value are defined to allow NULLs
         

         	
Uniqueness constraints— Preventing duplicate values for a column or set of columns
         

         	
Filtered unique indexes— Preventing duplicate values for a column or set of columns for a subset of rows in the table
         

         	
Foreign key constraints— Making sure every foreign key value has a corresponding primary key value in the related table
         

         	
Check constraints— Checking that values in the row meet the minimum standards
         

         	
Triggers— The catch-all of data protection, which allows you to execute a batch of code for any DML operation to validate data and even
            introduce side effects to the DML operation that happen without the knowledge of the client
         

      

As you’ll see in the following subsections, this list is loosely ordered from the most desirable to the least desirable, particularly
         where there’s overlap.
      

      
Data types
      

      The most fundamental thing you can do to ensure the quality of your data is to choose a reasonable container for the value
         being stored. Want to store an integer value? Use an integer type. Want to store an image? Use a varbinary(max). Could you use a varchar(50) or varchar(max) to store every value? In almost every situation, you sure could. You could also stick your tongue in a lamp socket, but I
         guarantee you it’s a bad idea unless you want to say hi to your cat that your mother told you was “sent off to live on the
         farm.”
      

      Way too often, I see designs where every column is nvarchar(50), unless they want to store something larger; then it’s an nvarchar(max). Storagewise, unless you expect that some values will have special characters, using a Unicode-enabled type just costs you
         space, and even worse is absolutely horrible for data integrity.
      

      It’s perfectly possible to do this and get by, as all values can be represented as a textual value in a T-SQL DML statement.
         So why bother? First, consider performance. As an example, consider storing a GUID value in a varchar column. Using the uniqueidentifier data type, you can store the 36-character value in 16 bytes. Put it in a varchar column and you’ll need 36 bytes, or 72 if the column is nvarchar.
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