and Red [n

B3 il i}

r Stream Aggregate Nested Loops Index Seek (NonCl..
(Aggregate) ., [(Inner Join) [Customers] . [IDX_..
SELECT —Compnce Scalar Cost: 0 % ’ Cost: S5 % A Cost: 2 %
Cost: 0 % Cost: 0 % 0.354s 0.369s 0.003s
1 of 380928 of 12288 of
1 (100%) 9S50 (38477%) 32 (38400%)

it
v
Index Seek (NonCl..
[Orders] . [IDX_Ord.
Cost: 88 %
0.342s
380928 of
950 (38477%)
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Time for Quiz

select @State, sum(o.Amount) as [Total Sales]
from dbo.Customers c¢ join dbo.Orders o on
c.CustomerID = o.CustomerID
where
c.CustomerState = @State and

0.0rderDate between @StartDate and @EndDate
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1%—

Query 1: Query cost (relative to the batch):
select @State,

sum (o.Amount) as [Total Sales] from dbo.Customers c join dbo.Orders o on c.CustomerID =

B3 C]
. r Stream Aggregate Nested Loops
E (Aggregate) (Inner Join)
SELECT Compute Scalar Cost: 0 % Cost: 9 %
Cost: 0 % Cost: 0 % 0.394s 0.369s
1 of 380928 of
1 (100%) 990 (38477%)

=

s

Index Seek (NonCl..
[Customers].[IDX ..

Cost: 2
0.003s

12288 of

32 (38400%)

g

o

Cost: 88 %
0.342s

380928 of

990 (38477%)

Index Seek (NonCl..
[Orders].[IDX Ord..

Query 2: Query cost (relative to the batch): 99% < e —
select @State,
Missing Index (Impact 79.2962):

sum (o.Amount) as [Total Sales] from dbo.Customers c join dbo.Orders o on c.CustomerID =
CREATE NONCLUSTERED INDEX [<Name of Missing Index,

sysname,>] ON

[dbo] . [Orders]

LA =]
B SE
. r Stream Aggregate Hash Match
E (Aggregate) (Inner Join) .
SELECT Compute Scalar Cost: 0 % © Cost: 1 %
Cost: 0 % Cost: 0 % 0.277s 0.002s
1 of 12288 of
1 (100%) 12288 (100%)

Dmitri Koro

o
L 2
Index Seek (NonCl..
[Customers] . [IDX ..
Cost: 0 %
0.000s
12288 of
12288 (100%)

E)Z
b2+
Stream Aggregate
(Aggregate)
Cost: 21 %
0.273s
12320 of
12320 (100%)

s

Index Scan (NonCl..
[Orders].[IDX Ord..
Cost: 78 %
0.239s
381920 of
381257 (100%)

o.Customer

o.Customer



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

select @State, sum(o.Amount) as [Total Sales] from dbo.Customers c¢ join dbo.Orders o on c.CustomerID =

= o.Customer

Scan count 12288, logical reads 66038L

= st/ Table 'Orders'.

] ]

SBiecT Compute Scalar' Table 'Customers'. Scan count 1,
Cost: 0 % Cost: 0 %

SQL Server Execution Times:

logical reads 48, phy:

rCPU time = 391 ms,

elapsed time =

395 ms.

l:j[Orders].[IDX_Ordm

Cost: 88 %
0.342s

380928 of

990 (38477%)

Query 2: Query cost (relative to the batch): 99%

select @State, sum(o.Amount) as [Total Sales] from dbo.Customers c¢ join dbo.Orders o on c.CustomerID =

= o.Customer

Missing Index (Impact 79.2962): CREATE NONCLUSTERED INDEX [<Name of Missing Index, sysname,>] ON [dbo].[Orders] |

|

JE =] it

Table
Table

'Customers'. Scan count 1, logical reads 48,

Scan count 1, logical reads 14532,

'Orders'.

SQL Server Execution Times:
CPU time = 196 ms,

elapsed time = 209 ms.

Aggregate

[ — (AGQgregate)
Cost: 21 %
0.273s
12320 of

Dmitri Koro 12320 (100%)

s

Index Scan (NonCl..
[Orders].[IDX Ord..
Cost: 78 %
0.239s
381920 of
381257 (100%)



Agenda
Seeks and Scans
Joins

Key Lookups
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(null) 1:170
1350 11171

B-Tree Index .-

s eoe
. . 7 | 93533 1:1210 Root Level
create unicque clustered index ’
IDX Customers CustomerId ,'
on dbo.Customers (Customer Id) /’ //
350 1:945 93533 1:6945 Intermedlate
93540 1:6946 Level

16 1:177 357 1:946
111 1:178 368 1:1724
375 1:947

93544 1:6947

1 row per page on the “next level”
* Min key value from the page
Page pointer (file:page)

1 Victor 122 Peter 132 Antony 93701 Kevin 93710 Serg
2 Brian 125 Tom 133 Fedor 93702 Mike 93711 John Leaf Level
3 Lisa 126 Lisa 134 Shawn oo 93705 Andy ( actual dat a)
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350 1:945
357 1:946
368 1:1724
375 1:947

93533 1:6945
93540 1:6946
93544 1:6947

8 Dmitri Korotkevitch (http://aboutsqlserver.com)

SRIlEEE ©

from dbo.Custoners
where Name = N'EBoris'
order by CustomerId



350 1:945
357 1:946

368 1:1724
375 1:947

122 Peter 132 Antony
2 Brian | Boris 125 Tom 133 Fedor
8 Ashle 126 Lisa 134 Shawn

9 Dmitri Korotkevitch (http://aboutsqlserver.com)

select *
from dbo.Customers
where CustomerId between 2 and 6

93533 1:6945
93540 1:6946
93544 1:6947

93701 Kevin
93702 Mike
93705 And

93710 Serg
93711 John



Composite Index

create unique clustered index IDX_Customers_ID
on dbo.Customer‘s(ID)I;

WY Zack 423499 1:1741‘

create nonclustered index IDX_Customers_State_Name !
on dbo.Customers(State,Name) f

includelZipCode )3 v

i (null) (null) (null) 1:1936
AL Andrew 232 1:1l937

AL Aaron 732462 35011 AL Andrew 900871 35074
AL Abigail 432123 35070 AL Angel 21351 35065 WY Zara 3123 82790
AL Ada 9431 35041 AL Anna 19842 35023 WY Zoe 654523 82053

AL Adam 832431 35020 oo A || o

WY Zack 423499 82213
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Index Seek
Demo




Index Seek

Index Seek (NonClustered)
Scan a particular range of rows from a nonclustered index.

Cardinality # of rows read / processed

. } Phy:sical Opera.tion Index Seek

estimation  Logical Operation Index Seck Large # of reads or large delta -
Number of Rows Read 4497408 .. .

error Actual Number of Rows 380928 \ (S lndeX SeleCtlve enough?
Estimated Number of Rows 31
Estimated Number of Rows to be Read 366 # Of FrOWS SeIeCted
Predicate
[SQLServerinternals].[dbo].[Orders].[OrderDate] as [o]. Ad d |t|o nal f| |ter on a ” Selected rows
[OrderDate]>=[@StartDate] AND [SQLServerinternals]. -
[dbo].[Orders].[OrderDate] as [0].[OrderDate] <= Can th ose CO[umn(S) be added as the
[@EndDate] .
Object index key(s)?

[SQLServerinternals].[dbo].[Orders].
[IDX_Orders_Customerld] [o]

" Output List
[SQLServerinternals].[dbo].[Orders].Amount

Seek Predicates . .

Seek Keys[1]: Prefix: [SQLServerinternals].[dbo]. F| |te rl ng the ran g e Of ‘the keys
[Orders].CustomerlD = Scalar Operator - . .
([SQLServerinternals].[dbo].[Customers].[CustomerID] as IS [t Selectl ve en Ough ?

c].[CustomerlD])
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Joins

Three logical joins
* (Nested) Loop
* Hash
« Merge

Multiple physical joins

13 Dmitri Korotkevitch (http://aboutsqlserver.com)



create table T1

create table T2

create table T3

Col varchar,
index IDX T1(Col)

Col varchar,
index IDX T2(Col)

Col varchar

14
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Joins
select *
from
Tl join T2 on
T1l.Col = T2.Col
join T3 on
T1l.Col = T3.Col




Loop Join

M ABC

BCD
BCD
DEF

T1

11111

HJK

>
T3

_HK

_DEF_

HJK

KLM

it

Index Seek (NonCl..

=2

Index Scan (NonCl..
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Loop Join

2\:1@

HJK

11111

=
=

>
T3

_HK

_DEF_

it

Index Seek (NonCl..

=2

Index Scan (NonCl..
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Loop Join

2\:1@
BCD
BCD
DEF
HJK

11111

HJK

>
T3

_HK

_DEF_

=

KLM

it

Index Seek (NonCl..

=2

Index Scan (NonCl..
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Loop Join

2\:1@
BCD
BCD
DEF
HJK

11111

HJK

>
T3

_HK

_DEF_

—

KLM

it

Index Seek (NonCl..

=2

Index Scan (NonCl..
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Cost | Loop Join
(# of rows in outer input (T1)) *
cost of processing of inner input o3

l—l-'.

Index Seek (NonCl..

Index Scan (NonCl..
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Cost: Loop Join

(# of rows in outer input (T1)) * |
cost of processing of inner input Index Seek (N

Scan a particular range of rows index.

I I} l_I.I. Actual Number of Rows
T 2 2 , Estimated Number of Rows
Nested Loops Index Seek (NonCl..
(Inner Join) [Customers].[IDX ..
Cost: 9 % = Cost: 2 %
0.369s 0.003s
380928 of 12288 of
990 (38477%) 32 (38400%)

it
L ]
¥
Index Seek (NonCl..

Index Seek (NonClu
[Orders] . [IDX Ord..

[ — Scan a particular range of rows from ndex.
Aot . QQ o)

Number of Executions 12288

\ Estimated Number of Executions 32
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Merge Join
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In memory or in Merge JOln

tempdb
(spill / sort warining)

DEF

N
O
s
(_I_
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Cost:

Merge Join

cost of processing of input 1 +
cost of processing of input 2 +
cost of sort (if required)

P

Merge Join

Inner in

Cost: 4 ¢ | =
0.138s

380928 of

370462 (102%)

23 Dmitri Korotkevitch (http://aboutsqlserver.com)

—— Cost:

i

Index Seek (NonCl..
[Customers] . [IDX ..
Cost: 0 %
0.002s
12288 of
6160 (199%)

A

7

Sort
88%<:1
N N77«a

i

Index Seek (NonCl..
[Orders] . [idx tmp..
ICost: 7 % |




Hash table Hash Join

(In memory or
in tempdb)

ol 5C )
¥ BCD

___ 2 BH
— T

2\:1@
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Hash table Hash Join

(In memory or
in tempdb)

Dmitri Korotkevitch (http://aboutsqlserver.com)



Cost:
cost of
cost of
cost of

orocessing of input 1 +
orocessing of input 2 +

nash operations

Hash Join

= t
“Ela !
Hash Match Index Seek (NonCl..
(Inner Join){ [Customers] . [IDX ..
Cost: 1 % ] Cost: 0 %
0.002s 0.000s
12288 of 12288 of
12288 (100%) 12288 (100%)
E)Z
>Z
Stream Aggregate
(Aggregate)
Cost: 21 %

~ [Orders].[IDX_Ord..

h

Index Scan (NonCl..

Cost: 78 %
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Joins
. fee  JHash  |Mege |

Use-case  Small outer input Large unsorted inputs Mid-size sorted inputs
Low cost of inner input scan

Cost Depends on cost of inner input  Startup overhead with linear Low cost but may

scan and # of executions dependency on size of inputs introduce expensive Sort
tempdb No May lead to spills Sort may lead to spills
Blocking No Yes (hash table creation) Yes if Sort is required
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Joins
Demo
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Cardinality Estimation Errors
(Estimated vs. Actual)

Outdated statistics
« Redesign statistics maintenance strategy (TF2371, DB Compat Level, etc)

Parameter-sensitive plans / Parameter Sniffing

Model issues
« Simplify / split queries
* Use temporary tables
* Remove multi-statement UDFs
« Change cardinality estimation model
« ... find the root cause

Dmitri Korotkevitch (http://aboutsqlserver.com)



Parameter Sniffing
Demo




Loop Join: Cost of Inner Input

—
tk
—— Nested Loops

(Inner Join)
Cost: 0 %

rft
[ ]
¥
Index Seek (NonCl..

[Customers] . [IDX ..
Cost: O

A_
2l
Sort

(Top N Sort)
Cost: 0 %

o
o

Compute Scalar
Cost: 0 %

M M
ikt ikt
= Nested Loops = 'Nested Loops

(Inner Join) (Inner Join)
Cost: 1 % Cost: 0 %

ik
=—— Nested Loops
(Inner Join)

Cost: 2 %

3

& Index Scan (NonCl.
[Orders] . [IDX Ord.
Cost: 0 %

7]
Key Lookup (Clust..

[Orders] . [PK Orde..
Cost: 0 %

3

& Tndex Scan (NonCl..
[Orders] . [IDX Ord.
Cost: 1 %

)
Key Lookup (Clust..

[Orders] . [PK Orde.
Cost: 96 %
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Spools

select count(*)
from dbo.T1 inner loop join dbo.T2 on
T1l.IndexedCol = T2.NonIndexedCol
where
T1l.IndexedCol <= 50

& ot

A

Table Spool
(Lazy Spool)
Cost: 16 &

v

Table Spool
Stores the data from the input into a temporary
table in order to optimize rewinds.

Number of Rows Read 2450
Actual Number of Rows 2500
Number of Executions 50
Output List

[SQLServerinternals].[dbo].[T2].NonIndexedCol

Nested Loops Clustered Index S..
(Inner Join) | [T1].[PK T1 8le..
Cost: 0 % | Cost: 0 %

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

Numl;er of Rows Read 1048576

‘ Actual Number of Rows 50
s Number of Executions 1
Predicate

[SQLServerlnternals].[dbo].[T2].[NonIndexedCol] <=(50)
Object
[SQLServerinternals].[dbo].[T2].[PK__T2__816A20A4F17AA606]

I Output List
(rhr’ [SQLServerinternals].[dbo].[T2].NonIndexedCol

Clustered Index S..
[T2].[PK T2 816..
Cost: 84 %
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Nonclustered Index

\

v ANAY v

create nonclustered index ===
/ T (null) (null) 1:5011

Clustered ! 350 1:171 Ml (S e s / Dan 4321 1:5013 | Nonclustered
Index ’l on dbo.Customers (Nawe) / Index

1 93533 1:12il0 ,I Steve 43233 1:5017

) 1 \

I f ‘\

: ,’ S

1 I

\'Z
 (null) o 93533 1:6945 > (null)  (null)  1:5025 Steve 43233 1:10965
,61 HZI; 93540 1:6946 i | Boris 93708 1:5026 | | | ...
i e 93544 1:6947 ¢ | -0 Vic 9421 1:12171
A ) Zeta 6594 1:12172
\ |
\

2 1412
\

Tom 125, 1:4033
| AN
v N v (VI

<_-'4Q-__
<__—

1 Victor 93701 Kevin 93710 Serg Aaron 55 Boris 93708 Vic 9421 Zeta 6534
2 Brian 93702 Mike 93711 John Alyson 9 Brian 2 Vick 53212 Zina 32121
93705 Andy Alyson 756 Victor 11023 Zohan 20121
Carl 83011
Boris 7 Carl 476 Zachary 514

V vV




*

select
S a g from dbo.Customers

where Name = N'EBoris'

.27 77 Loull) (nul) 1:5
Clustered / Dan 4321 135 Nonclustered
1
Index Index
4 Steve 43233 1:5017
\
:' \
\
: “
] \
Vil BAN A" v
Ky 93533 1:6945 (null) (null) 1:5025 Steve 43233 1:10965
h 93540 1:6946 [ s |
540 1: Boris 93708 1:5026 | | | ....
93544 1:6947 " Vic 9421 1:12171
----- : %eta 6594 1:12172
|

\
\

N
Tom 125, 1:4033

el —re—

' VvV

<__'4s__
<__—

FIARY 2270)

1 Victor 93701 Kevin 93710 Serg Aaron 55 Boris 93708 Vic 9421 Zeta 6534
2 Brian 93702 Mike 93711 John Alyson 9 Brian 2 Vick 53212 Zina 32121
8 Ashl 93705 Andy Alyson 756 Victor 11023 Zohan 20121
9 A Carl 83011
Boris 7 Carl 476 Zachary 514

ARV, V




Key Lookup

Demo




Key Lookups

Key Lookups are Nested Loop Joins
« Fine and very efficient with small # of executions
« Inefficient and not used with large # of executions
« Beware of Cardinality Estimation Errors!

Can be avoided with included columns
« Remember about the overhead!
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A Couple Tricks

Demo




Estimated vs. Actual Execution Plans

AKA -> Plans with and without run-time execution statistics

Plans without run-time execution statistics

«  Will be affected by cardinality estimation errors
* Learn the data!
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Estimated vs. Actual Execution Plans

AKA -> Plans with and without run-time execution statistics

Plans without run-time execution statistics

«  Will be affected by cardinality estimation errors
* Learn the data!
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Key Points

Analyze efficiency and selectivity of the Index Seek
 Seek Predicate, Predicate, Number of rows read vs. Actual number of rows, etc

Pay attention to join type choice

« Estimated vs. actual # of executions; cardinality estimation errors
» Cost of inner input in loop join

Analyze and address excessive Key Lookups

« Small # of Key Lookups is perfectly normal
« Remember the overhead of included columns

Beware of cardinality estimation errors!
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Q&A

Pro SQL Server

Internals

APress

Blog: http://aboutsglserver.com
E-mail: dk@aboutsglserver.com

Slides and demos: http://aboutsqglserver.com/presentations
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