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I've Tried Everything So Far,
and It Still Isn’t Enough

* What do you do when you've
— added all the indexes you can
— tuned your queries to the nth degree
— Thrown all the hardware you can at the problem
and the performance still doesn’t meet
requirements?
* It's time to consider some less desirable tuning
options
— All modify the relational database structure so that it
no longer conforms to your logical model
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Tuning Solutions

+ Controlled data redundancy
— Derived data
— Redundant data
— Surrogate keys and alternate keys
— Denormalizing
+ Partitioning
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Derived Data

In the logical model, derived or summary data is
not permitted
Sometimes you can improve performance for
reporting by maintaining summary data instead
of computing it each time it is needed
» Be very careful when you do this

— Do not allow any direct updates to the summarized

data

» Use triggers to ensure that the summary data is
always maintained as a side effect of updates to
the detail table
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Surrogate Keys

» Surrogate keys are also called
— Atrtificial keys
— Dumb keys
+ Easytodoin SQL Server
— Use the IDENTITY property
» Many people introduce these as part of the first-
cut physical design
* Pros
— Smaller
— “Private”
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Surrogate Keys
(continued)

+ Cons
— Usually monotonic
« Insert hotspot even if there is a clustered index
— If added after data already exists, it's a lot of
work to rearrange all the foreign key
references
» Can keep the old key in the child table
« If there is a unique constraint on the old key (and
there should be), foreign key constraints can
reference the unique constraint
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Using an Alternate Key as the
Primary Key
* In the logical design process, it is common
to identify several candidate keys
— One of these is chosen as a primary key
— The others are alternate keys
+ Perhaps one of the alternate keys would
produce better performance than the
current primary key
» Changing this will mean modifications to
the foreign key references
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Alternate Keys as Foreign Keys

» Consider using an alternate key as a
foreign key when
— It eliminates multitable access
— Alternate keys do not allow nulls
— Referential integrity can be enforced

* Original data model

School St
udent
SchoollD
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Alternate Keys as Foreign Keys

(continued)
* Revised data model
School

SchoollD

Name

State

Course Student

SchoollD StudentID
Code School.Name
Name Name
Instructor Address
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Denormalization

» Emphasis is on denormalization
— Always start with a normalized logical design

— Denormalize only when dictated by performance
requirements

E/Minimizes need for joins

EIMay reduce number of foreign keys

May reduce number of indexes

EIMay reduce number of tables

@May introduce update and delete anomalies

@& May require triggers if redundant data is volatile
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When Denormalizing...

* Know your data and how it is being used
» Plan for maintenance of redundant data
» Duplicate columns completely

+ Try to restrict duplicated columns to nonvolatile
data

* Don't allow direct update to duplicated columns

» Document your denormalizations
— What
— Why
— How the duplicate data is maintained
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Appropriate Denormalizations

* Repeat nonvolatile parent data in child
table to save accessing the parent

— Store CompanyName in Orders table to avoid
reference to Customers table

 Store “ancestor” key in child table—an
“unnecessary” foreign key
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Rows as Columns
» Consider storing rows as columns

— Appropriate where repeating group was
decomposed into one-to-many relationship

— Fixed, known number of rows
— Entire group is routinely accessed as a unit

CustomerlD

Month

TotalSales

Jan

500

Feb

453

Mar

225

Jan

1000

Feb

867

N(N[(N[a]aa

Mar

1234

Rows as Columns

(continued)

CustomerlD Jan Feb Mar Dec
1 500 453 225
2 1000 867 1234
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Determining When to Introduce
Duplicate Data

+ ldentify critical requests that require multitable
access

« ldentify table accesses where denormalization
would be too costly

+ Evaluate costs and benefits of selective
denormalization for the remaining multitable
accesses

» Test your denormalized solution and prove that
it's better
— Ifitisn’t, then go back to your normalized design
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Not Exactly Denormalization,

But Duplicate Data Nonetheless

+ Subset tables

— Serve as a representative sample of a larger table
* Roll-up tables

— Summaries for reporting

— Results of GROUP BYs
* “Recent enough” data

— Copy of data as of midnight (or last month, or
whatever) may be OK for Decision Support systems
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A Duplicate Database

» The “query database”
— No updates allowed

— Mark as read-only unless it is being maintained by
replication

— Not a real-time solution
» Can be
— An exact copy of the production database
— A copy of a subset of the production tables
— A different structure with highly flattened tables
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Creating and Maintaining a
Duplicate Database

* Techniques
— Restore from nightly backup

— Use DTS package to manage query
databases with different table structures

— Replication
— Log shipping

« Difficult to manage the warm standby when there
are querying users
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* Demo 1
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SQL Server 2000 Index
Features

* SQL Server 2000 introduces several new
index features

— Descending indexes
« Specify AsC or DESC for each column in the index

— Indexes on computed columns
—Indexes on views

* Indexes on computed columns and views
require that you set certain session
options
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Session Options Required for
Indexed Views and Indexes on
Computed Columns

Option Setting
ANSI_NULLS ON
ANSI_PADDING ON
ANSI_WARNING ON
ARITHABORT ON
CONCAT NULL_ YIELDS NULL ON
NUMERIC ROUNDABORT OFF
QUOTED_IDENTIFIER ON
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Indexes on Computed Columns

* When you define an index on a computed
column, the data will actually be stored in the
database
— In the data pages of a clustered index
— In the leaf nodes of a non-clustered index

» The computed column must be deterministic
and precise
— A computation is deterministic when, given the same
inputs, it always returns the same result
e UnitPrice * Quantity
e Substring (LastName, 1, 10)

— Itis precise if it doesn’t involve floating point values
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Indexed Views

» Views do not usually have any data associated
with them
— The SELECT statement that defines the view is
executed when the view is referenced
* Indexed views do have data associated with
them
— This type of view is often called a materialized view
* Indexed views can improve retrieval
performance at the expense of update
performance
— Data must be updated both in the base table and the
copy that makes up the indexed view
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Using Indexed Views

* Indexed views benefit
— Decision Support applications
— Data marts, data warehouses, and data mining
applications
» Consider using indexed views for
— Joins and aggregations of large tables

— Repeated aggregations on the same or overlapping
sets of columns

— Repeated joins of the same tables on the same keys
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Indexed Views are available in

all editions of SQL Server 2000

* In SQL 2000 Enterprise or Developer
editions, the optimizer may use them even
if they are not referenced in the query

+ In all other SQL 2000 editions, you must
explicitly reference the view in the FROM
clause and use the NOEXPAND optimizer
hint
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Indexed View Restrictions

* Indexed views cannot contain
— The TOP, UNION, or DISTINCT keywords
— Any text, ntext, or image columns

— The MIN, MAX, COUNT (*), COUNT (<expressions),
STDEV, VARIANCE, and AVG aggregate functions

- SUM (<expression>) when expression can be null
— Subqueries or derived tables
— Outer joins or self-joins

- ORDER BY, COMPUTE, COMPUTE BY, HAVING, CUBE,
ROLLUP, GROUP BY ALL

— The full-text operators CONTAINS and FREETEXT
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GROUP BY in Indexed Views

If the indexed view contains a GROUP BY,
it must also include the COUNT_BIG
aggregate function

The unique clustered index key can only
reference the grouping columns
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Indexed View Requirements

The base tables and view must be created with
the required settings of session options

The view must contain only deterministic
expressions

— Floating point values cannot be key columns
Tables must be referenced with a two-part name
- owner.table

All tables referenced in the view must be in the
same database

The view can only refer to base tables, not to
other views
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Schema Binding

The view must be created with SCHEMABINDING

Any user-defined functions referenced in the
view must also be created with
SCHEMABINDING

When you use the SCHEMABINDING option, the
view is bound to the underlying schema
Tables used in the view cannot be dropped
Any columns used in a schema-bound view
cannot be altered or dropped

CREATE VIEW MyView WITH
SCHEMABINDING

AS ...
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Indexed View Example

» Before indexed view
SELECT ProductID, SUM(UnitPrice
* Quantity * (1.0 - Discount))
AS TotalAmount
FROM [Order Details]
GROUP BY ProductID
ORDER BY ProductID
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Indexed View Example
(continued)

» Create the view

CREATE VIEW ProductSales WITH
SCHEMABINDING

AS

SELECT ProductID,
SUM(UnitPrice*Quantity* (1.0-
Discount)) AS

TotalAmount, COUNT BIG(*) As

NumDetails

FROM dbo. [Order Details]

GROUP BY ProductID

SQL Server Magazine LIVE!

Indexed View Example
(continued)

* Make it an indexed view
CREATE UNIQUE CLUSTERED INDEX
ProductSales IDX ON
ProductSales (ProductID)

* Query the view
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e Demo 2
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Questions?
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Thank you!

+ Please drop off your
session evaluations in
the basket at the back
of the room!

* Your comments are
greatly appreciated!
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