Module 5: Optimize query
performance

Introduction to Execution Plans, Indexes, and Query Tuning
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Learning objectives

After completing this module, you will be able to:

- Analyze query plans and identify problem areas

i Evaluate potential query improvements

.. < Review table and index design

‘ Determine whether query or design changes have had a positive effect
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Lesson 1: Understanding SQL Server
execution plans
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Lesson 1 objectives

Generate and save execution plans

Compare the different types of execution plans

Understand how and why query plans
are generated
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What are execution plans?

( ) Every time you execute a query, the query optimizer uses a path of operations to
- *process your query and retrieve any results

any
* b
o %

Z After being generated by the optimizer, query plans are cached in an area of
: " memory called the plan cache

T ! T The Database Engine stores these plans internally as XML

Z
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How are query plans generated?

The first time you run a given query, the optimizer generates several plans and
chooses the one with the lowest overall cost

The total cost of the execution plan is a blended measure of how much resource
=@ 7 consumption the optimizer thinks will be needed to complete the query

any
* b
o %

% The optimizer uses settings and distribution statistics on columns and indexes
' ¢ associated with your query to generate the execution plans

any
* b
o %

Generating plans is very resource intensive, so plans are cached after initial
generation

*
*
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The Query Optimizer

The Query Optimizer takes a query and
returns a query plan

Will attempt several plans to choose the
‘best guess’

Generating a plan has a high CPU cost, so

SQL Server® caches plans

SQL statement

Query results
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Types of execution plans

Estimated execution plans — The path the database engine plans to take to retrieve the data to
answer your query

Actual execution plans — The estimated execution plan, but also including actual statistics from the
execution of the query

Live query statistics — An animated view of query execution showing progress and order of
operations
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More about actual vs estimated execution plans

. HH | — B8
: ; Exr— : ;
The plans shape will The actual execution The actual execution
nearly always be the plan will have additional traditionally has
same information about row significant overhead to
counts capture
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Capturing plans in Management Studio

SQL Server Management Studio allows you to capture
both estimated and actual execution plans, and Live
Query Statistics

Plan capture can also be enabled by keyboard
commands

You can capture a text query plan by using the SET
SHOWPLAN ON option

1t Studio (Admini

._5; SQLQuery15.5ql - (local).Adh Norks2017 (VM1\jd. i (76))* - Microsoft SQL Server Manag
File Edit View Query Project Tools Window Help

OO |y o-2 MW BNewQuery B R SR T |2~

“¥ | AdventureWorks2017 ~ | b Execute v 22 88| [

SQLQuery15.sgl...\jdantoni (76))* + X g5 Zsource...tureV

- DECLARE @

J210|dx3 123(q0 [

Live Query

-| B

FEligar | @@ | = 2| == %,

ExecuteRandom...jdantoni (§

OPTION (OPTIMIZE FOR (@SalesPer Execution
Plan

100% ~
BT Resuts [ Messages &  Execution plan

SELECT @ Estimated g
SELECT 'S Execution Statistics
from Sal

WHERE Sal

Query 1: Query cost (relative to the batch): 100%

SELECT SalesOrderld, OrderDate from Sales.SalesOrderHeader WHERE SalesPersonlD= @SalesPersonlD OPT

iE] i

Nested Loops Index Seek (NonClustered)

(Inner Join) [SalesOrderHeader]. [IX_SalesOrderHeader_...
SELECT Cost: 0 % : Cost: 1%
0.001s 0.000s
473 of 473 of
130 (363%) 130 (363%)

-

Key Lookup (Clustered)
[SalesOrderHeader].[ PK_SalesOrderHeader_...
Cost: 99 %
0.000s
473 of
130 (363%)
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Lightweight query profiling

Introduced in later releases of SQL Server 2014

: Provides additional statistics to help close gap to actual execution plan data
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Last query plan stats

Available in Azure SQL Database, Uses Dynamic Management

. Shows last known
Managed Instance and SQL Server Function execution blan for a quer
2019 sys.dm_exec _query_stats P query
SELECT *

FROM sys.dm_exec_cached_plans AS cp

CROSS APPLY sys.dm_exec_sql_text(plan_handle) AS st

CROSS APPLY sys.dm_exec_query_plan_stats(plan_handle) AS gps;
GO
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How to read an execution plan

X The size of the arrows connecting the objects is representative of the amount of data flowing to the
""""" next operator

.l : Each operator contains a lot of metadata in its properties and tool tip. This is where you can learn
""""" how the decisions were made

g Even operators that have a 0% cost have some degree of cost—nothing is free in SQL Server query
" ___execution

f
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Sample execution plan

Query 1: Query cost (relative to the batch): 100%
SELECT [StockItemNawe] ,[UnitPrice] * [QuantityPerOuter] AS CostperOuterBox ,sh.QuantityOnHand FROM [Warehot

S s I
! N L
p _ . ' Merge Join - . Clustered Index Scan (Clustered)
. S?r;'? . (Inner Join) [StockItemHoldings] . [PK_Warehouse_S..
oSt o= Cost: 17 % Cost: 11 %

Clustered Index Scan (Clustered)
[StockItems] . ([PK_Warehouse StockIte..

Cogt: 34 %

Compute Scalar
Cost: 0 %

N\
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Tool tips and properties

Clustered Index Scan (Clustered)

[StockItems] . [PK_Warehouse_StockIte..

Cost: 34 %

Clustered Index Scan (Clustered)
Scanning a clustered index, entirely or only a range.

Physical Operation Clustered Index Scan
Logical Operation Clustered Index Scan
Estimated Execution Mode Rowy
Storage RowStore
Estimated Operator Cost 0.0131613 (34%%)
Estimated 17O Cost 0.0127546
Estimated Subtree Cost 0.0131613
Estimated CPU Cost 0.0004067
Estimated Number of Executions 1
Estimated Number of Rows 227
Estimated Number of Rows to be Read 227
Estimated Row Size 1288
Ordered True
Node ID 4
Object

[WideWorldlimporters].[Warehouse].[Stocklterns].
[PK_Warehouse_Stockltems] [s]

Output List
[WideWaorldlmporters].[Warehouse].[Stockltems].StockltemnlID,
[WideWorldimporters].[Warehouse].[Stocklterns]. StocklternMName,
[WideWarldlmporters].[Warehouse].
[Stocklterns].QuantityPerOuter, [WideWorldlmporters].
[Warehouse].[Stocklterns].UnitPrice

Properties - 0 x
Clustered Index Scan (Clustered) -

=]ee | #
B Misc
Defined Values [WideWorldimporters].[Warehouse].[Stockltems].5tc...

Description Scanning a clustered index, entirely or only a range.

Estimated CPU Cost 0.0004067

Estimated Execution Mode

Estimated 1/0 Cost

Estimated Number of Executions

Estimated Number of Rows

Estimated Number of Rows to be Read

Estimated Operator Cost

Estimated Rebinds

Estimated Rewinds

Estimated Row Size

Estimated Subtree Cost

Forced Index

ForceScan
ForceSeek
Logical Operation Clustered Index Scan
Mode ID -
MNoExpandHint False
B Object [WideWorldimporters].[Warehouse].[Stockltems].[PEK_\
Alias [s]
Database [WideWorldimporters]
Index [PK_Warehouse_Stockltems]
Index Kind Clustered
Schema [Warehouse]
Storage RowStore
Table [Stockltems]
Ordered True
B Qutput List [WideWorldimporters].[Warehouse].[Stockltems].5toch
[1 [WideWorldimporters].[Warehouse].[Stockltems].5tocl
[21 [WideWorldimporters].[Warehouse].[Stockltems].5tock
[31 [WideWorldimporters].[Warehouse].[Stockltems].Quar
[4] [WideWorldimporters].[Warehouse].[Stockltems].UnitF
Parallel False
Physical Operation Clustered Index Scan
Scan Direction FORWARD
Storage RowStore
TableCardinality 227

N
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Demo: Reading an execution plan

Generate a query execution plan

Reading a query execution plan
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Common plan operators: Finding data

33 Index Seek — Reads the portion of the index which contains the needed
TSE g [Islff ireb[intf;f;&?jc data
cmﬁm{%m caan Index Scan — Reads the entire index for the needed data

11 .[PE__#Logons LCC]

Cost: 0 %

| Tebls Sem | Table Scan — Reads the entire table for the needed data
Cost: 25 %

Key Lookup (Clustered) Key Lookup — Looks up values row by row for values which are missing
[License] . [PE_License] o

Cost: 13 3 from the index used
Tsble Valued Fumeti Table Valued Function — Executes a table valued function within the
Filterediccountlonp

Cost: 0 % database
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Common plan operators: Filtering & sorting

= Nested Loops — Performs inner, outer, semi and anti semi joins. Performs
Nested Loops search on the inner table for each row of the outer table
ot os
23 Hash Match — Creates a hash for required columns for each row. Then creates
e yeser a hash for second table and finds matches
Cost: 3 %
= e
s TOP — Returns the specified top number of rows
Cost: 0 %
Sort . .
(Distines sore) Sort — Sorts the incoming rows
5
| Seuean oguegaie Stream Aggregate — Groups rows by one or more columns and calculates one
o or more aggregate expressions

f
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ldentifying problematic execution plans

This query has a few problems — first there is a warning
that can be identified by the yellow triangle on the SELECT
operation:

This could be an implicit conversion, a spill of memory to
TempDB or other concerning conditions

There is also an expensive Key Lookup that is using 99.6%
of the query’s execution cost

You would evaluate the output columns of

the Index Seek operator to make decisions on potentially
adding columns or creating a

new index

1G]

S3i=edlll— = Cost: 0%
284 of
187 (151%%)

Nested Loops
(Inner Join) -

it

Index Seek (NonClustered)
, [OrderLines]. [IX_Sales_OrderLines_Perf_201...

Cost: 1 %
0.000s
284 of

187 (1513%)

g

Key Lockup (Clustered)
[OrderLines].[PK_Sales_OrderlLines]

Cost: 99 %
0.000s
284 of

187 (1513%%)

v
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Nested Loops and Hash Joins

SQL Server employs three types of joins to bring together data

Merge, hash and nested loop joins

|
t 2y
. Nested Loops 4 ' Merge Join
(Inner Join) j‘ (Inner Join) Hash Joins are useful for large, unsorted, and non-indexed outputs
Cost: 2 9% Cost: 8 95

Merge joins are used for large sets of sorted data that’s joined on
index key

Nested Loop joins are good for small sets of data

f
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SARGarbility

This is a term that refers Predicates that are not SARGs include Functions can influence
to a Search Arguable query some of the following examples: the SARGability of
!oredlcate that can use an index to WHERE LastName LIKE ‘“%SMITH%’ predicates, so you |
improve the performance of a should be careful with

WHERE CONVERT(CHAR(10),
CreateDate,121) = 2020-03-22’,

query their use

f
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Missing indexes

SQL Server includes missing index Even without execution plans, SQL Server stores missing index
warnings in execution plans missing indexes can be identified information in the database
by queries that may scan a (sys.dm_db_missing _index
clustered index to return a small details) and index utilization
amount of records from a large information
table
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Hardware constraints

Hardware constraints are SOS_SCHEDULER_YIELD and PAGEIOLATCH_* wait types can
typically manifested through wait CXPACKET wait types can be be indicative of storage
statistics which point towards associated with CPU pressure, performance issues
hardware constraints but can also point to improper

parallelism settings or missing

indexes
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Statistics

Having up to date column and SQL Server does default to auto- In some cases you may want to
index statistics allows for the updating these statistics based on update statistics more frequently
guery optimizer to make the best the changes are made to to ensure consistent performance
possible execution plan decisions the data for your queries
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Influencing join behaviors

You can use query hints You want to do this
to influence join type when you see a pattern

of the optimizer clearly
making the wrong
decision

SQL Server 2019 and This deferred join
Azure SQL Database selection will switch
have deferred join from nested loops to
selection hash joins and vice

versa, based on
statistics generated as
the query executes

f
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What is parameter sniffing?

Default behavior in SQL Server

any
* b
o %
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#..

anns®

‘ T ! Local variables get standard assumption
[ g
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Lesson 1: Knowledge check

& Estimated execution plan

O Actual execution plan

O Live Query Stats

Which type of execution plan is stored in the plan cache?

O sys.dm_db_missing_index_details

O sys.dm_exec_query_plan_stats

Which DMV should you use to find index utilization?
& sys.dm_db_index_usage_stats

O PAGEIOLATCH_SH

Which of the following wait types would indicate excessive CPU consumption?
& SOS_SCHEDULER_YIELD

O RESOURCE_SEMAPHORE

5
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Lesson 2: Explore performance-based
database design
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Normalization (First Normal Form)

Create a separate Eliminate |dentify each First Normal Form eliminates repeating
table for each set repeating groups in  set of related data groups, each row refers to a particular
of related data individual tables with a primary key product, and there is a ProductID to be

used a primary key

ProductID | ProductName ProductionCountry ShortLocation
1 Widget 15.95 United States US

2 Foop 41.95 United Kingdom UK

3 Glombit 49.95 United Kingdom UK

4 Sorfin 99.99 Republic of the Philippines RepPhil

5 Stem Bolt 29.95 United States UsS

a\\

. " | S (| FusioN
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Normalization (Second Normal Form)

If a table does not have a composite key, first and second normal form are the same

Same requirements as first If the table has a composite key, all attributes must depend on the
normal form, plus.. complete key, not just part of it

ProductID ProductName ProductionCountry ShortLocation
1 Widget 15.95 United States US

2 Foop 41.95 United Kingdom UK

3 Glombit 49.95 United Kingdom UK

4 Sorfin 99.99 Republic of the Philippines RepPhil

5 Stem Bolt 29.95 United States us
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Normalization (Third Normal Form)

Same requirements as second All non-key relationships are non- Most OLTP databases should be
normal form, plus.. transitively dependent on the in third normal form or as it is
primary key commonly abbreviated 3NF

ProductID ProductName ProductionCountry ShortLocation
1 Widget 15.95 United States US

2 Foop 41.95 United Kingdom UK

3 Glombit 49.95 United Kingdom UK

4 Sorfin 99.99 Republic of the Philippines RepPhil

5 Stem Bolt 29.95 United States uS

This table is NOT in 379 normal form because ShortLocation depends on ProductionCountry, and not just on the
primary key
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Denormalized database designs
are commonly used in data
warehouses and data mart

This is helpful for reducing the
number of joins required for
reporting, but is less effective
for updates

Two examples of denormalized
structures are star (shown
below)

and snowflake schemas

Denormalization

T DimDate

[l CalendarQuarter

1 CalendarSemester

=1 CalendarYear

8 DateKey

I3 DayNumberOfMonth

1 DayNumberOfiWeek

[ DayNumberOfvear

1 EnglishDayNameOfWeek

1 EnglishMonthName

3 FiscalQuarter

E3 FiscalSemester

{3 FiscalYear

FrenchDayNameOfWeek

§ FrenchMonthName

£ FullDateAltarnateKey

3 MonthNumberCiYear

1 SpanishDayNameOfWeek

71 SpanishMonthName

1 WeekNumberOfyear

-3 CustomerP

7 DimCurrency
3 CurrencyAlternateKey
I3 CurrencyKey

I3 CurrencyName

7 FactResellerSales

] CamierTrackingNumber

CurrencyKey

PONumber

| DiscountAmount
1 DueDate

DueDateKey

EmployeeKey

=l ExtendedAmount

] Freight

OrderDate

OrderDateKey

1 OrderQuantity

| ProductKey

| ProductStandardCost
3§ PromotionKey

| ResellerKey

RevisionNumber

-1l SalesAmount
1 SalesOrderlineNumber

SalesOrderNumber
SalesTerritoryKey
ShipDate
ShipDateKey

3 TaxAmt

3 TotalProductCost

UnitPrice

3 UnitPriceDiscountPct

7 DimProduct

T ArabicDescription

£ ChineseDescription
& Class

£ Color

1 DaysToManufacture
1 DeslerPrice

T EndDate

1 EnglichDescription
1 EnglishProductName
I FinishedGoodsFlag
1 FrenchDescription

i FrenchProductName
1 GermanDescription
™1 HebrewDescription
[ JapaneseDescription
I ListPrice

3 ModelName

T ProductAlternateXey
3 ProductKey

£3 Productline

T ProductSubcategoryKey
£ ReorderPoint

T SafetyStockLevel

1 Size

Tl SzeRange

1l SizeUnitMeasureCode
71 SpanishProductName
I3 StandardCost

£ StartDate

1 Status

1 Style

7 ThaiDescription

0 TurkishDescription
3 Weight

£ WeightUnitMeasureCode
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Understand datatypes for performance

Importantly, ensure that the data types in your application code match the data types in your
database tables

Conversions are expensive, and can cause much more expensive
execution plans

.
anns®

Data compression can help with this
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Unicode data

any
* b
o %

> *
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*
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Unicode data is needed for Cyrillic languages, Asian languages and many symbols
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Types of indexes

Clustered Nonclustered Columnstore
Indexes Indexes Indexes
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@

Designing indexes

example here)

Cluster key values should be sequential (an increasing integer key is a good

any
* "
o* %

any
* "
o* %

You should not create redundant indexes and avoid creating unused indexes on your tables
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Clustered indexes

A clustered index sorts and stores the data in a table based on key values

any
* b
o %

any
* b
o %

*
0..

*
ans®®

Clustered indexes have no uniqueness requirement
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What are nonclustered indexes?

:,.v‘,\ “ Nonclustered indexes are secondary indexes used to help the performance of
gueries not served by the clustered index

any
* b
o %

any
* b
o %

any
* b
o %

( $ : The cost of nonclustered indexes is space and insert/update performance

‘.
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Columnstore indexes

This allows for higher levels of compression, which reduces storage and memory footprint
of data
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Clustered columnstore must include all columns of the table
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SQL Server compression types

Row Page Columnstore Columnstore Inline
compression compression: compression archival compression
Prefix compression using
COMPRESS()

compression
function

Dictionary
compression
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Lesson 2: Knowledge check

What type of database design should you use for a data warehouse when you want to reduce the data volume
of your dimensions?

O Star Schema

. L]
. L d
.‘ 0.
* *

o *
) .
n -
N u
. [
- L]
. L]
. :

‘0’ ‘0

O.. “‘

O 3'normal form
& Snowflake schema

What is the minimum number rows do you need to bulk insert into a columnstore index?
a 1,000,000

& 102,400
O 1000

L LN}
“‘ e,
- *
* a
Q H .
» .
N -
n -
5 .
2 .
I‘ «
. g
* <
o 4
TSgan®

) Which compression type offers the highest level of compression?
lo O Page Compression
. 0 Row Compression

o Columnstore Archival
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Lesson 3: Evaluating performance
Improvements
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Dynamic management objects

J._Ij % Dynamic Manage Views and Functions supply data about database performance
' " and state

........
. L3

H Azure SQL Database has some of its own DMVs to provide Azure specific data at the
' ‘  database level

o> All objects are in the sys schema and following the naming convention sys.dm_*
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Walit statistics

.....
. .
K .

Stored in sys.dm_os_waits_stats and in sys.dm_db_wait _stats in Azure SQL Database
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Examples of wait statistics

High RESOURCE_SEMAPHORE waits—this is indicative of queries waiting on memory to become available,
and may indicate excessive memory grants to some queries

High LCK_M_X waits—this can indicate a blocking problem that can be solved by either changing to the READ
COMMITTED SNAPSHOT isolation level, or making changes in indexing to reduce transaction times, or
possibly better transaction management within T-SQL code

High PAGEIOLATCH_SH waits—this can indicate a problem with indexes, where SQL Server is scanning too
much data, or if the wait count is low, but the wait time is high, can indicate storage performance problems

High SOS_SCHEDULER_YIELD waits—this can indicate high CPU utilization which is generally correlated with
either very high workloads, or missing indexes
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Demo: Query wait statistics

Querying sys.dm_os_wait_stats

Reviewing Query Store Wait report
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Index tuning methodology

|dentify expensive queries,
using the Query Store or
Extended Events profiling

Examine the query plans for
those queries

Test changes to indexes to
evaluate improvements in
|/0 and elapsed time

Implement changes
in production
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Index maintenance

@ Over time, inserts, updates and deletes can cause fragmentation in an index

o,
o
.......

o
. o
L

! Stored in the DMV Sys.dm_db_index_physical_stats

Z
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Columnstore index maintenance

Columnstore indexes also require maintenance due to fragmentation
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Fragmentation is caused when deletes and updates happen as they both leave deleted rows in the
columnstore index
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Fragmentation is measured by looking for deleted rows in the
sys.dm_dm_colum_store _row_group _physical stats DMV
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Query hints

< \/, Query hints specify that the indicated behavior should be used throughout the query

-n
.......
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Some common use cases for query hints include:
Limit the amount of memory granted to query

Force the use of a specific index

Control join behavior
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Lesson 3: Knowledge check

O Clustered b-tree

g, Clustered Columnstore

What type of index is best used on a data warehouse fact table ?
O Nonclustered Columnstore

O Sys.dm_exec_session_wait_stats

W Sys.dm_os_wait_stats

O Sys.dm_db_index_physical stats

Which DMV provides information about server level wait statistics?

O sys.dm_exec_query_plan

O sys.dm_exec_cached plans

Q sys.dm_exec_query plan_stats

Which DMV can you use to capture the actual execution plan for a given query?
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Module summary

Reviewing query execution plans: Design considerations for database Evaluating database
Understand how plans are generated performance: performance:
et ey (5 B wETEs 576 Learn the c.oncepts of database Capturing data .from dynamlc_
. normalization management views and functions
guidance
Choosing the proper data types for Understand wait statistics

Types of query execution plans
ot e P your database , o
Understand index and statistics

Understand the types of indexes in SQL maintenance
Server

Y , FUSION
@PPS”USIOH training@apps2fusion.com consulting@fusionpractices.com PRACTICES




Instructor led labs: Azure deployment

:' X
! s : Identify issues with database design

Isolate problematic queries
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< D’ Use the Query Store to monitor your database
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References

SQL Server Execution plans:
https://www.red-gate.com/simple-talk/books/sql-server-execution-plans-third-edition-by-grant-fritchey/

Monitoring performance by using the Query Store:

https://docs.microsoft.com/en-us/sql/relational-databases/performance/monitoring-performance-by-using-
the-query-store?view=sqgl-server-verl5

Query processing architecture guide:

https://docs.microsoft.com/en-us/sql/relational-databases/query-processing-architecture-guide?view=sql-
server-verl5

Index architecture and design:

https://docs.microsoft.com/en-us/sql/relational-databases/sql-server-index-design-guide?view=sqgl-server-
verl5
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https://docs.microsoft.com/en-us/sql/relational-databases/performance/monitoring-performance-by-using-the-query-store?view=sql-server-ver15
https://docs.microsoft.com/en-us/sql/relational-databases/query-processing-architecture-guide?view=sql-server-ver15
https://docs.microsoft.com/en-us/sql/relational-databases/sql-server-index-design-guide?view=sql-server-ver15
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