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Hello!
20+ years of experience in IT
15+ years of experience working with SQL Server
Microsoft Data Platform MVP
Microsoft Certified Master
Author
• Pro SQL Server Internals (v1-2) 
• Expert SQL Server In-Memory OLTP (v1-2)
• Expert SQL Server Transactions and Locking

Blog: http://aboutsqlserver.com
Email: dk@aboutsqlserver.com
YouTube: AboutSQLServer

http://aboutsqlserver.com/
mailto:dk@aboutsqlserver.com
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Time for Quiz



Dmitri Korotkevitch (http://aboutsqlserver.com)4



Dmitri Korotkevitch (http://aboutsqlserver.com)5



Dmitri Korotkevitch (http://aboutsqlserver.com)6

Agenda
Seeks and Scans

Joins

Key Lookups
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B-Tree Index

Leaf Level
(actual data)

1 Victor
2 Brian   
3 Lisa
4 Dmitri
5 Anton

6  Perry
7  Boris
8  Ashley
9  Alyson 
10 Greg

122 Peter 
125 Tom
126 Lisa
130 Juan
131 Marg

132 Antony
133 Fedor
134 Shawn

93701 Kevin
93702 Mike
93705 Andy
93707 Bob
93708 Mary

93710 Serg
93711 John… …

(null)  1:176
6          1:177
11        1:178
…..
132      1:412
…..
344      1:944

350  1:945
357  1:946          
368  1:1724 
375  1:947
…..

…
93533 1:6945
93540 1:6946  
93544 1:6947
…..
93701 1:7021
93710 1:7022 

Intermediate 
Level

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

(null)  1:170
350     1:171
…
93533 1:1210 Root Level
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Index Scan

1 Victor
2 Brian   
3 Lisa
4 Dmitri
5 Anton

6  Perry
7  Boris
8  Ashley
9  Alyson 
10 Greg

122 Peter 
125 Tom
126 Lisa
130 Juan
131 Marg

132 Antony
133 Fedor
134 Shawn

93701 Kevin
93702 Mike
93705 Andy
93707 Bob
93708 Mary

93710 Serg
93711 John… …

(null)  1:176
6          1:177
11        1:178
…..
132      1:412
…..
344      1:944

350  1:945
357  1:946          
368  1:1724 
375  1:947
…..

…
93533 1:6945
93540 1:6946  
93544 1:6947
…..
93701 1:7021
93710 1:7022 

(null)  1:170
350     1:171
…
93533 1:1210
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Index Seek

1 Victor
2 Brian   
3 Lisa
4 Dmitri
5 Anton

6  Perry
7  Boris
8  Ashley
9  Alyson 
10 Greg

122 Peter 
125 Tom
126 Lisa
130 Juan
131 Marg

132 Antony
133 Fedor
134 Shawn

93701 Kevin
93702 Mike
93705 Andy
93707 Bob
93708 Mary

93710 Serg
93711 John… …

(null)  1:176
6          1:177
11        1:178
…..
132      1:412
…..
344      1:944

350  1:945
357  1:946          
368  1:1724 
375  1:947
…..

…
93533 1:6945
93540 1:6946  
93544 1:6947
…..
93701 1:7021
93710 1:7022 

(null)  1:170
350     1:171
…
93533 1:1210
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Composite Index

AL Aaron 732462 35011
AL Abigail 432123 35010 
AL Ada 9431 35041 
AL Adam 832431 35020
AL Adeline 312341 35115 
AL Amelia 87 35055 
…..

…

…

(null) (null) (null).  1:1723
…
WY Zack 423499    1:1741

AL Andrew 900871 35074
AL Angel 21351 35065 
AL Anna 19842 35023 
…..

WY Zack 423499 82213
WY Zara 3123 82190
WY Zoe 654523 82053
…..

…..
WY Zack  423499 1:2312

(null) (null) (null)   1:1936
AL Andrew 232   1:1937
…..



Index Seek
Demo
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Index Seek

Filtering the range of the keys
Is it selective enough? 

Additional filter on all selected rows
Can those column(s) be added as the 
index key(s)? 

# of rows read / processed

# of rows selected

Large # of reads or large delta –
is index selective enough? 

Cardinality 
estimation 
error
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Joins
Three logical joins

• (Nested) Loop
• Hash
• Merge

Multiple physical joins
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Joins
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Loop Join

T1

ABC

BCD

DEF

HJK

T2

ABC

BCD

BCD

DEF

HJK

KLM

T3

HJK

DEF

ABC

DEF

YXZ
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Loop Join
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Loop Join

T1

ABC

BCD

DEF

HJK

T2

ABC

BCD

BCD

DEF

HJK

KLM

T3

HJK

DEF

ABC

DEF

YXZ

Cost: 
(# of rows in outer input (T1)) *

cost of processing of inner input
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Loop JoinCost: 
(# of rows in outer input (T1)) *

cost of processing of inner input
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Merge Join

T1

ABC

BCD

DEF

HJK

T2

ABC

BCD

DEF

HJK

KLM

ABC ABC

BCD BCD

DEF DEF

HJK HJK
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Merge Join

T1

ABC

BCD

DEF

HJK

T3

HJK

DEF

ABC

DEF

YXZ

ABC

DEF

DEF

HJK

YXZ

In memory or in 
tempdb

(spill / sort warining)
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Merge JoinCost: 
cost of processing of input 1 +
cost of processing of input 2 +
cost of sort (if required)
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Hash Join

T1

ABC

BCD

BHK

HJK

T3

HJK

DEF

ABC

DEF

YXZ

A

B

H

Hash table
(In memory or 

in tempdb)
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Hash Join

T1

ABC

BCD

BHK

HJK

T3

HJK

DEF

ABC

DEF

YXZ

A

B

H

Hash table
(In memory or 

in tempdb)

H

HJKHJK

D

A

ABCABC

D

Y
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Hash JoinCost: 
cost of processing of input 1 +
cost of processing of input 2 +
cost of hash operations
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Joins
Loop Hash Merge

Use-case Small outer input
Low cost of inner input scan

Large unsorted inputs Mid-size sorted inputs

Cost Depends on cost of inner input 
scan and # of executions

Startup overhead with linear 
dependency on size of inputs

Low cost but may 
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



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



Parameter Sniffing
Demo
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Loop Join: Cost of Inner Input
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Spools
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Nonclustered Index

93533 1:6945
93540 1:6946  
93544 1:6947
…..
93701 1:7021
93710 1:7022 

Steve 43233  1:10965
…..
Vic     9421    1:12171
Zeta   6594    1:12172 

1 Victor
2 Brian   
3 Lisa
4 Dmitri
5 Anton

6  Perry
7  Boris
8  Ashley
9  Alyson 
10 Greg

93701 Kevin
93702 Mike
93705 Andy
93707 Ann
93708 Boris

93710 Serg
93711 John

(null)   1:176
6          1:177
11        1:178
…..
132      1:412
……
344      1:944

(null)  1:170
350     1:171
…
93533 1:1210

Aaron   55
Alyson 9   
Alyson 756
….
Boris   7

Boris  93708
Brian  2
….
Carl    83011
Carl    476

Vic       9421
Vick     53212
Victor  11023
…
Zachary  514 

Zeta     6534
Zina     32121
Zohan  20121

(null)    (null)    1:5025
Boris   93708   1:5026
.…

Tom    125        1:4033

(null)  (null)    1:5011
Dan     4321    1:5013
…
Steve  43233  1:5017

Clustered 
Index

Nonclustered
Index
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NCI Usage

93533 1:6945
93540 1:6946  
93544 1:6947
…..
93701 1:7021
93710 1:7022 

Steve 43233  1:10965
…..
Vic     9421    1:12171
Zeta   6594    1:12172 

1 Victor
2 Brian   
3 Lisa
4 Dmitri
5 Anton

6  Perry
7  Boris
8  Ashley
9  Alyson 
10 Greg

93701 Kevin
93702 Mike
93705 Andy
93707 Ann
93708 Boris

93710 Serg
93711 John

(null)   1:176
6          1:177
11        1:178
…..
132      1:412
……
344      1:944

(null)  1:170
350     1:171
…
93533 1:1210

Aaron   55
Alyson 9   
Alyson 756
….
Boris   7

Boris  93708
Brian  2
….
Carl    83011
Carl    476

Vic       9421
Vick     53212
Victor  11023
…
Zachary  514 

Zeta     6534
Zina     32121
Zohan  20121

(null)    (null)    1:5025
Boris   93708   1:5026
.…

Tom    125        1:4033

(null)  (null)    1:5011
Dan     4321    1:5013
…
Steve  43233  1:5017

Clustered 
Index

Nonclustered
Index



Key Lookup
Demo
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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!



A Couple Tricks
Demo
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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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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

Blog: http://aboutsqlserver.com
E-mail: dk@aboutsqlserver.com
Slides and demos: http://aboutsqlserver.com/presentations

http://aboutsqlserver.com/
mailto:dk@aboutsqlserver.com
http://aboutsqlserver.com/presentations


Thank You 


