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Storage structures

CREATE CLUSTERED INDEX
Storing table data \

Clustered index—-_, .o 1xoex—— 1€3P

Optimized for one access pattern Unorganized

Benefits on reading Modifications (slightly) faster
Especially when that pattern is used Reading (much) slower

Maximum one per table Best to avoid

Unless you know what you are doing
Other issues as well

Automatic if no clustered index
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Storage structures

Storing table data
Clustered index
Heap

Nonclustered index

Multiple per table allowed

Up to 999 per table
This is the maximum, not a target
Realistically, more than 10 is often already suspect

Optimized for specific access pattern
Stores copy of some data
Also includes pointer to rest of the data
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Storage structures

Storing table data
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Storage structures

Storing table data
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Storage structures

Storing table data

Logical structure

Heap

All data

Not organized
Clustered index

All data

Organized
Nonclustered index

Subset of data

Organized

Pointer to rest of data
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Storage structures

Storing table data
Logical structure

Physical structure
On-disk rowstore
Columnstore
Memory-optimized

Rowstore and columnstore
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Storage structures

Heap table

Page type:?a(a Page type: Data
n

prev

forwarded row —»

forwarding pointer ——»>

Annet Visser

6 Els Rekels .

Page type: Data
prev next

lID FName LNamé Othezi
93 Willem Zand, ‘t ...

98 Sonja Zwart

back pointer
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Storage structures

Heap table

Page type:?ﬁ \Eage type: Data Péftype: Data

prev next rev next prev next

ID FName LName Other
1 Jan Jahsen ...

Other ID FNamg LName Other
93 WillemgZand, ‘t ...

7 Wilma Boer, de ... forwarded row

forwarding pointer —— XXXXX Jansen ... 8 Sonja Zwart

16 Els Rekels .. Annet Visser ... 4 Wim  Blok

back pointe
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Storage structures

Heap table

Page type:?arﬁ Page type: Data Pé%type: Data

prev next prev next prev next
& LName Other

forwarding pointer ——» — forwarding pointer

16 Els Rekels ...
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Heap table

Page type: Data
prev next

Storage structures

ID FName LName Other
1 Jan Jansen ...

7 Wilma Boer, de ...
XXXXX

16 Els Rekels ...

Page type: Data
prev next

Page type: IAM

prev @

00! 0000
000000000002000
000000000000000
000000000000000
000000000000000
000000000000000

L 600606600100000

ID FName LName Other
98 Sonja Zwart

16 Els Rekels ...
9 Klaas Jansen ...

81 Annet Visser

Page type: Data
prev next

SQlServerFast.com execution plan training, block 2, basic level, chapter 1: Storage structures - (c) Hugo Kornelis

ID FName LName Other
93 Willem Zand, ‘t ...

3 Klaas Visser >
XHXXXX

4 Wim  Blok

L ——a Pa%e type: 1AM

prev next

0000(0000000000
000Q00000000000
000000000000000
0@0000000000000
00000000000000
000000000000000




Storage structures

Clustered index
Data pages ordered
No forwarded rows

by key

Page type: Index
prev next

Page type: Index

(next

Root level
(Level 2)

Page type: IAM
[ Peevipan,

Index pages (B-tree) e

As many levels as
needed

NOo maximum

Pas

e type: Index

Pa
prev

next

e

>
ID\Fnam
1 Jan

3 Klaas

4 \Vim

type: Data P e type: Data P e type: Data
next prev Ge_x?j prev @
‘R\§_______,,/
Jansen ... ‘\_7

e LName Other

Visser ...

Blok

e
—

FName LName Other
7 Wilma Boer, de ...

9 Klaas Jansen ...

16 Els Rekels ...
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(ID Name LName Other
25 Els Rekels ...

81 Mnnet Visser ...
93 Willem Zand, ‘t ...

98/Sonja Zwart

~prev

00@190000000000
000000¢0000
000 000

L ——a Pa%e type: IAM

Leaf level
(Level O)

prev next

000000000000000
000000000000000
000000000000000
000000000000000
000000000000000
000000000000000
000000000000000




Clustered index
Data pages ordered by key
No forwarded rows

Page type: Index

prev next
ID page
XXXX
25 XXXX

Page type: Index
next

Page type: Index
prev

next

Index pages (B-tree) ey

ID

As many levels as 7
needed

ID
25

page
XHXX

NOo maximum

Page type: Data
prev next

ID Fname LName Other
1 Jan Jansen ...

3 Klaas Visser

4 Wim  Blok

Page type: Data
prev next

ID FName LName Other
7 Wilma Boer, de ...

9 Klaas Jansen ...

16 Els Rekels ...
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Page type: IAM
prev next

000100000000000
001000000000000
000010000010000
000000000000000
000000000100000
000000000000000
000100000000000

Page type: Data
prev next

ID FName LName Other
25 Els Rekels ...

81 Annet Visser

93 Willem Zand, ‘t ...

98 Sonja Zwart




Page type: IAM
prev next

0000000000

Clustered index
Data pages ordered
No forwarded rows contontigon

Index pa

(B—tree) 6042000000000
As ma
needed

i

o

levels as

Page type: Index Page type: Data Page type: Data Page type: Index Page type: Index Page type: Data
prev next prev next prev next prev next prev next prev next
ID page ID FName LName Other ID Fname LName Other ID page ID page ID FName LName Other
XXXX 25 Els Rekels ... 1 Jan Jansen ... XXX 25 XXXX 7 Wilma Boer, de ...
7 XXXX 81 Annet Visser ... 3 Klaas Visser ... 25 XXXX 9 Klaas Jansen ...
93 Willem Zand, ‘t ... 4 Wim  Blok 16 Els Rekels ...
98 Sonja Zwart
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Nonclustered index

Data included

Indexed column(s)

Clustered index key
Overlapping columns stored once

For heaps: RID (row identifier)
File number

Page number
Row slot number

INCLUDEd columns
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Nonclustered index

Data included
Indexed column(s)

Page type: Index
prev next

LName FName page
XXXX

Root level
(Level 2)

Page type: Index

Page type: Index
next

Clustered index key prev next prev
LName FName page

Overlapping columns stored once

For heaps: RID (row identifier)
File number

LName FName page
Visser Klaas  xxxx

(Level 1)

Page number
Row slot number

INCLUDEd columns

Page type: Index
prev next

LName FName ID
Blok Wim

Klaas 9 | Mr.

Jansen

Page type: Index
prev

LName FName ID
Jansen Jan 1 [Mr.

Rekels Els 16| Ms.

Rekels Els 25| Mrs.

Page type: Index
prev next

Visser Annet 81
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LName FName ID [Titl
Visser Klaas 3 [NUL

Zandt, ‘t Willem 93| Dr.

Zwart  Sonja 98| Mrs.

Page type: IAM
prev next

000000010000000
000011000000000
000000000000000
000000000010000
000000000000000
000000001010000
000000000000000

Intermediate level

Leaf level

(Level O)




Nonclustered index

Data included
Indexed column(s)

Clustered index key
Overlapping columns stored once

For heaps: RID (row identifier)
INCLUDEd columns

prev

Page type: Index
next

Root level

Visser

LName FName page
XXXX

Klaas

(Level 2)

Page type: Index
prev next

LName FName page
XXX

Jansen Jan XXXX

Page type: Index
prev next

LName FName page
Visser Klaas  xxxx

Page type: IAM
prev next

000000010000000
000011000000000
000000000000000
000000000010000
000000000000000
000000001010000
000000000000000

Intermediate level

(Level 1)

prev

Page type: Index
next

prev

Page type: Index
next

prev

Page type: Index
next

LName FName
Blok Wim

Boer, de Wilm

Jansen Klaas

Jansen

Rekels

Rekels

Visser

LName FName

Jan

Visser
Zandt,

Zwart

LName FName

Klaas

‘t Willel

Sonja |\ 1,954

SQlServerFast.com execution plan training, block 2, basic level, chapter 1: Storage structures - (c) Hugo Kornelis

Leaf level

(Level O)




Summary

Storage structures (for on-disk rowstore data)
Heap

Unorganized
Forwarding pointers

Clustered index

Index columns
Rest of data

Nonclustered index
To clustered index, or to heap
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Next chapters

Chapter 2: Scan operators
Table Scan
Index Scan
Clustered Index Scan

Chapter 3: Seek operators
Chapter 4: Lookup operators

Chapter 5: Special scans
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