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Database Files - Overview

A database can have three types of files

ePrimary data file (.MDF)

Every database has one primary data file and is the starting point of database.

All user tables are created in PRIMARY file group if no other secondary files are present
eSecondary data file (.NDF) —

A database can have optionally zero or more Secondary data files,

created for better performance and to manage data efficiently.
eTransaction Log file (.LDF) —

A database by default will have one log file, used to record changes made in tables.

This will be backed up and used later in case of data loss.



Pages and Extents

Page

- Is the fundamental unit of data storage in SQL Server.

- Once database is created, data space in primary and secondary files are logically
divided into 8k blocks called Pages.

- Page numbers are referred along with data file number (Ex: PAGE 1:456)

Types of pages:

detail
System Page types BUFFER details

1. Header page Header properties and

2. GAM page (Global allocation map) Allocation Info [obpes

3. SGAM page (Shared global allocation map) S50 —Recora f

4. 1AM page (Index allocation map) —t > Slot 1 —Record 2 e
5. PFS page (Page free space) — > Slot2 —Record3 23;2 bytes
6. BCM page (Bulk change map)

;. DCM page (Differential change map) Data Rows

. Metadata Pages |
Data related page types
1. Data page
2. Index page

Row Offset Oxbzl 0)(_89" OX(O

i v
\ 2 byte entry




Pages and Extents

Extents

- Extents are collection of 8 pages.
- Pages in an extent can be owned by single table or many small tables.

There are two types of extents

1. Uniform extent — all 8 pages are belongs to one object
2. Mixed extent — 8 pages are shared by two or more tables

Fact is, when a table is created and a row is inserted, table gets 1 page in mixed extent.
When a table grows, table gets pages from uniform extent.
This logic is to manage pages (in other words space) effectively

Mixed extent

£ g g7 g ¢

tablez indexl indexZ2 table? table3 index3 table2 table3

Uniferm extent

H AN NN NN

tablel tablel tablel tablel tablel tablel tablel tablel




System Pages

Page

Description

Header Page

Stores detals about data files like size and type etc.

GAM

Global Allocation Map. GAM is the 3¢ page (1:2) in each data
file. It’s a bitmap with 64000 bits (8000 bytes) each bit tells
whether the associated extent is uniform or not. With one GAM,
Storage engine can identify upto 64000 uniform extents.
Meaning one GAM will cover upto 4 GB data space. What if data
file size is greater than 4GB? Simple. another GAM will cover
next 4 GB portion

Shared Global Allocation Map. SGAM is the 4% page (1:3) in
each data file. It’s a bitmap with 64000 bits (8000 bytes) each
bit tells whether the associated extent is mixed extent or not.
With one SGAM, Storage engine can identify upto 64000 mixed
extents. Meaning one SGAM will cover upto 4 GB data space.
What if data file size is greater than 4GB? Simple. another SGAM
will cover next 4 GB portion

IAM

Index Allocation Map. One IAM page for each table to identify
pages associated with a table (there can be many IAM for one
table if table is partitioned and/or a table have row overflow
pages/LOB data etc. im leaving them unexplained as this may
confuse beginners). It's a bitmap with 64000 bits (8000 bytes)
each bit tells whether the associated extent is allocatedto a
table or not. With one IAM, Storage engine can identify upto
64000 extents. Meaning one IAM will cover upto 4 GB data
space. What if a table size is greater than 4GB? Simple. another
IAM will cover next 4 GB portion.




System Pages

Page Description

PFS Page Free Space. PFS is used for storing space availability of
each pages. One byte for each page. There will be one PFS for
every 8000 pages.

DCM Differential Change Map. DCM is a bitmap page helps differential
backups to identify the extents changed since Full backup.

BCM Bulk change map. Used to monitor extents affected by bulk
operations. Used when database in bulk logged recovery mode.

Page Types

1 - data page. 11 - PFS page.

2 -index page. 13- boot page.

8 - GAM page. 15 - file header page.

9 -SGAM page. 16 - diff map page.

10-1AM page. 17 - ML map page

When a database is created, a data file will have pages like this,

PFS

GAM

S5GAM

Unused

Unused

DCM

BCM

Data

Data

Header
1:0

1:1

1:2

1:3

1:4

1:5

1:6

17

1:15001

http://www.sqlskills.com/blogs/paul/inside-the-storage-engine-gam-sgam-pfs-and-other-allocation-maps/

1:1500:




Partitions and Allocation Units

Partitions
When a table is created (Heap), by default all its pages are aligned in one partition.
Partition is a unit of data organization.

Whenever non clustered indexes are added, partitions are framed for each non clustered index
All index pages related to non clustered indexes are logically assigned to respective partitions.

Allocation Units

Based on data it holds, a partition can have 3 kind of page groups (in other term allocation units)
1. IN_ROW_DATA pages,

2. ROW_OVERFLOW _DATA pages and

3. LOB_DATA Pages.

Difference among IN_ROW _DATA, ROW_OVERFLOW _DATA and LOB_DATA Pages

1. IN_ROW_DATA (default):

If a table is relatively simple in design. All records are stored in a pages referred as IN_ROW _DATA pages.
2. ROW_OVERFLOW_DATA:

holds data exceeds page maximum limit 8k.

3. LOB_DATA:

LOB data like varchar(max) is stored in special pages called LOB_DATA pages.

16 byte pointer in data page will be used to refer LOB_DATA page.



Extent Allocations - GAM/SGAM

GAM SGAM Any IAM (Comments
0 0 0[Mixed extent with all pages allocated
0 0 1|Dedicated extent (must be allocated to only a single IAM page)
0 1 0[Mixed extent with == 1 unallocated page
0 1 1|{Invalid state
1 0 O|Unallocated extent
1 0 1|Invalid state
1 1 0[Invalid state
1 1 1|Invalid state

Source: http://www.sqlskills.com/blogs/paul/inside-the-storage-engine-gam-sgam-pfs-and-other-allocation-maps/
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Partitions and Allocation

Allocation Unit 1
IN_ROW_DATA

Fartitionl
(C!ustered Index)

[

Allocation Unit 2
ROW_OVERFLOW_DATA

tExample2

(Table)

Aﬁocation Uhit 3 1

LOB_DATA

Partition 2
(Non Clustered Index)
Allocation Unit 4.
IN_ROW_DATA

go

SELECT so.name, so.object_id, sp.index_id, sp.partition_id, sp.hobt_id,
sa.allocation_unit_id, sa.type_desc, sa.total_pages
FROM sys.objects so
inner join sys.partitions sp on so.object_id = sp.object_id
inner join sys.allocation_units sa on sa.container_id = sp.hobt_id
WHERE so.name = 'tExample2'

Object_id and Table name tExample2

A

2 Partition_id’s are created.
One for clustered index another for NCI

name

Units

3 Allocation_units are created for clustered index
1 Allocation_unit is created for non clustered index

A

Cluster and NonClustered Index Id’s

| object_id | index_id |[parition_id T hobt_ia allocation_unt_id___ | type_desc total_pages |
| tBample2 | 53575229 [T 72057594038910976  72057594038910976 || 72057594043301888  IN_ROW_DATA 2
| tExample2 53575229 [[ 1 72057534038910976  72057594038910976 || 72057594043367424 ROW_OVERFLOW_DATA | 2
| tExample2 53575229 | 1 72057594038910976 _ 72057534038910976 || 72057594043432960 _LOB_DATA 2
| tBample2 53575229 |77 | | 72057594038976512  72057594038976512 | [ 7205 59AAHTEATE _TN_FOW _DATA | 2




Partitions and Allocation Units (cont.)

select so.name, so.object_id, sp.index_id, internals.total_pages, internals.used _pages,

internals.data_pages, first_iam_page, first_page, root_page
from sys.objects so

inner join sys.partitions sp on so.object_id = sp.object_id
inner join sys.allocation_units sa on sa.container_id = sp.hobt_id
inner join sys.system_internals_allocation_units internals

on internals.container_id = sa.container _id

where so.object_id = object_id('tExample3’)

g0
» Index_id = 0 as this table is a heap Root_page reference s
total pages allocated to heap is 7 used for !l\(lex STuciare:
A Not applicable for Heaps
> 1 for IAM page
6 for Data pages
name object id mdex_td total pages|used pages |data pages [first iam page first_page root _page
tExample3 [181575685 |0 7 7 6 0xEBOO00000100  |OXEAOOOO000100  (0x000000000000

 Address of first IAM page and

firstdata page in Hexadecimal




Database structure (high level)

&

1 page 0 page 1 page 2 page 3

___ Header Pages SRR —_—

= page page
of oo Df.’%%o% Dl:oooé% amm | 01:0511

Secondary Data File: File ID 02

e page page
ey ;a%% %

|
Primary data file § ta bleS /Tahlt
MyDBE_secondaryl -
c:\Program Files\Mlcrosoft SQL Server\MSSQL.1\MSSQL\Data\MyDB_Data2.ndf Table can have Pages are umquely

o i More than on Identified by
Secondary data fil o
e partitions File Number : Page Number

MyDB_secondary2

c:\Program Files\Mjcrosoft SQL Server\MSSQL. 1\M5SQL\Data\MyDB_Data3.ndf
- Heap or
b-tree

Secondary data file

—
-/

B

MyDB_primary |
c:\Program FiIes\Microsoft SQL Server\MSSQL.1\MSSQL\Data\MyDB_Datal.mdf Mdf can have lnl

—;

| Heap or
b-tree

MyDB_log1
c:\Program Files\Microsoft SQL Server\MSSQL 1\MSSQL\Data\MyDB_Log1.1df 1 1 O ] ] O
P Data LOB Row- Data Lo Row-
Overflow Overflow
Log file . .
e Partition have Data page and optionally LOB, Overflow pages
c:\Program Files\Microsoft SQL Server\MSSQL, 1\MSSQL\Data\MyDB_Log2.Idf Microsoft SQL
Mi: extent Server Data Page
A A =z
Log file w P ﬁ @ L;J @ Page header
table2 indexl index2 table2 table3 index3 tablez table3 > Data row 1

—
Uniform extent Data row 2

One table allocation unit can have 6§ 6 0P PP P F [ awron3
‘n’ pages In Uniform/MiXEd extend tablel tablel tablel tablel tablel tablel tablel tablei Free space

321 Row offsets

0x30 0 1400 01000000E10CFA00EASDOO002A0000000500 (1 0200 28003 700 446F6E27742050616£6963536861726520616E64 20456E6A6F 79 A Page can have 1 or
2Bytes 2 Bytes 2Bytes Bytes=#Columns/8 2 Bytes Bytes = 2 per Column more
& Rows
Y+ W
g s A 2
o & w & W Q
3 8 ¢ < £ Q N & &
s s < @,(‘\ 3 < ol 6!\" &
Q ﬁ o 2 8 *\?’ .(\,b &
AL 1R R o o & S
% | % | & <° 5 3 & & &
A A o < = A b C Y
0x30 Ox1400 0x01000000 0x0500 0x0200 0x28003700 Ox446F6E27742050616E6963
OxE10CF400EASDOO00 00000000 0x536861726520616E6420456E6A6F 79

0x2A000000



DBCC Commands

Syntax:

DBCC EXTENTINFO (Extents Allocations)

DBCC extentinfo [({'database_name'| dbid | 0} [,{'table_name' | table_id} [,
{'index_name' | index_id | -1}]])]

DBCC IND (Page allocations of one database object)
DBCCind ( { 'dbname' | dbid }, { 'objname’ | objid }, {indid | 0| -1 | -2 })

DBCC PAGE (Anatomy of a page)
DBCC page ( {'dbname’' | dbid}, filenum, pagenum [, printopt={0|1|2|3}])

DBCC WRITEPAGE (Write a byte in a page directly)

DBCC WRITEPAGE ({'dbname’' | dbid}, fileid, pageid, offset, length {1-8}, data [,
directORbufferpool])

More DBCC Commands and Syntax: http://ss64.com/sql/dbcc_undocumented.html



http://ss64.com/sql/dbcc_undocumented.html

DBCC EXTENTINFO and DBCC IND

DBCC TRACEON(3604)
DBCC EXTENTINFO('LearningInternals', 'tExample4’)

DBCC TRACEOFF(3604)
file id |page_id |pg_alloc |ext size |object.id  |index_id|partition |partition_id

iam_chain_type

pfs_bytes

1 241 1 1 197575742 |0 1 72057594039566300

In-row data

0x6100000000000000

DBCC TRACEON(3604)
DBCC IND('Learninglnternals', 'tExample3’, -1)
DBCC TRACEOFF(3604)

IAM Page : 235 for the table tExample3
1AM page type : 10

~» 6 datapages arereferring 1AM page number 235 datapage type :1

> Indexlevel for heap structureis 0

PagefiD |Pagei@ IAMAID 1AMSID  ObjectiD  IndediD  PartitionNumber Partitionid lam chais type PageType fadexieveliNextPageriD NextPagePid PrevPiagefiD PrevPageil)
W17 NUW NULL ISISTEst O 1 L - [ [ [1]
E = X w B1575685 © 1 T057SMOMS00800  In-cow data 0 ° ° 0
b 3 0] ! s 51575685 © 1 TOSTIMONIS0000  In-cow dets 0 ° ° 0
h w 1 ns 51573485 © 1 705701500800 In-row dats 0 ) 0 0
d m ! s 81573685 © 1 T2057¥M0MI500800  In-row data o 0 0
d mw 1 ms $1575685 © 1 72057¥M4039500800  In-row data 0 0 0 0
= T s 81573685 © 1 720579M039500800  In-row dats ] Q [ 9

Previous and next page pointers
are zero for heap. This means
heap pages are not linked with
eachother




DBCC PAGE

8UFF§3:N27 2
BUF X 4154
Buffer
bpage = 0x0652E000 bhash = 0x00000000 bpageno = (1:241)
bdbid = 8 breferences = 0 busel = 19558
bstat = 0x1c0010b blog = 0x21bb79bb bnext = 0x00000000

"~ PAGE HEADER:
Page @0x0652E000

m_pageId = (1:241) m_headerversion = 1 nLt¥pe =1

m_typeFlagBits = Ox4 m_level = 0 m_flagBits = 0x8000

m_objId (Allocunitid.idobj) = 93 m_indexid (Allocunitid.idInd) = 256

Metadata: AllocunitId = 72057594044022784

Metadata: PartitionId = 72057594039566336 metadata: Indexid = 0 Header
Metadata: Objectid = 197575742 m_prevPage = (0:0) m_nextPage = (0:0)

pminlen = 18 m_slotcnt =1 m_freecnt = 8055

m_freepata = 135 m_reservedcnt = 0 m_lsn = (29:18:19)

m_xactrReserved = 0 m_xdesid = (0:0) m_ghostRecCnt = 0

m_torngits = 0

Allocation Status

GAM (1:2) = ALLOCATED SGAM (1:3) = ALLOCATED
PFS (1:1) = Ox61 MIXED_EXT ALLOCATED S0_PCT_FULL DIFF (1:6) = CHANGED
ML (1:7) = NOT MIN_LOGGED
[~ DATA: ]
slot 0, offser 0x60, Length 39, DumpStyle BYTE Data
Record Type = PRIMARY_RECORD Record Attributes = NULL_BITMAP VARIABLE_COLUMNS (Sl OtS)
00000000: 30001200 e9030000 44455054 3031d430 $0....... DEPTO01.0
00000010: 00000500 e0020020 00270041 41414141 t....... . ' AAAAA

00000020:  4348454e 4e41497ttTtTtiTtTTTTTTT 1111 TCHENNAT

=Y =
OFFSET TABLE:

Row - Offset Row Offset
0 (0x0) - 96 (0x60) Array




DBCC PAGE

8UFF§3:N27 2
BUF X 4154
Buffer
bpage = 0x0652E000 bhash = 0x00000000 bpageno = (1:241)
bdbid = 8 breferences = 0 busel = 19558
bstat = 0x1c0010b blog = 0x21bb79bb bnext = 0x00000000

"~ PAGE HEADER:
Page @0x0652E000

m_pageId = (1:241) m_headerversion = 1 nLt¥pe =1

m_typeFlagBits = Ox4 m_level = 0 m_flagBits = 0x8000

m_objId (Allocunitid.idobj) = 93 m_indexid (Allocunitid.idInd) = 256

Metadata: AllocunitId = 72057594044022784

Metadata: PartitionId = 72057594039566336 metadata: Indexid = 0 Header
Metadata: Objectid = 197575742 m_prevPage = (0:0) m_nextPage = (0:0)

pminlen = 18 m_slotcnt =1 m_freecnt = 8055

m_freepata = 135 m_reservedcnt = 0 m_lsn = (29:18:19)

m_xactrReserved = 0 m_xdesid = (0:0) m_ghostRecCnt = 0

m_torngits = 0

Allocation Status

GAM (1:2) = ALLOCATED SGAM (1:3) = ALLOCATED
PFS (1:1) = Ox61 MIXED_EXT ALLOCATED S0_PCT_FULL DIFF (1:6) = CHANGED
ML (1:7) = NOT MIN_LOGGED
[~ DATA: ]
slot 0, offser 0x60, Length 39, DumpStyle BYTE Data
Record Type = PRIMARY_RECORD Record Attributes = NULL_BITMAP VARIABLE_COLUMNS (Sl OtS)
00000000: 30001200 e9030000 44455054 3031d430 $0....... DEPTO01.0
00000010: 00000500 e0020020 00270041 41414141 t....... . ' AAAAA

00000020:  4348454e 4e41497ttTtTtiTtTTTTTTT 1111 TCHENNAT

=Y =
OFFSET TABLE:

Row - Offset Row Offset
0 (0x0) - 96 (0x60) Array




£ CREATE TABLE [Test] |

4 |

e | i

] Results | U3 Messages
M=g 224, Lewvel 24, 5t .
SQL Server detected a2 logicel consistency-kesed IS0 error: incorrect checksum (expected: Oxd4lbfzes5; zctusl:

L[cl] INT IDENTITY,

[c2] CHAE (8000) DEFAULT 'a'):
=0

IHSERT INIC [Test] DEFAULT WVALUES:
=0

DBCC IND (N'CorruptDB',
e

H'Te=t', -1):

ALTER DRTABASE [CorruptDE] SET SINGLE USER:

GO
DECC WRITEPAGE (N'CorruptDE', 1, 153,
GO

SELECT = FROM Tes=st

4000,

DBCC WRITEPAGE

1,

Dx45,

Note:
Database PageVerify = CHECKSUM

{1

ate 2 Line 1

Source: http://www.sqlskills.com/blogs/paul/dbcc-writepage/

Oxd4lbLfcksh)
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Hex Editor (Ex: XVI32)

HE] V132 - ETLmdf = |lal | 2
File Edit Search Address Bookmarks Tools XViscript  Help
DR X & BBEAE 48
EII'_'IEHEI'.'II'.'IEEDDEEUDEEDDSEUDSCDDI'.'IEIBI'_'II'_'II'.'I . i ’ v n o | =
g8 |BO|00 B4|00 B2 00 |BC/ O0(CO 00| CRE Q0 E&|(Q0 FO|(00 FR||® - N w & E = d al[”
595|100 040114 01|1E 01 ZE|01 32 01 2C|01 3C 01|42 01 4 . Z < = B
LB 52|01 52 B B B El b |b
BB |01 &Z|d Go to address e || [E] [P
CCl|Z8|04 ila|® (L]~ n|Z|C{"|™
oo |7s 01 o | [Goto ~Gomode #lslslgle
£z |on|oo g & decimal * ghsolute
FE (00000 i hexadecimal - :
120llzalozld relative down alelslel
121 j00/000 IE j " relative up
132 |00 00 E
143 |00 00 E
154!l00loold OF. Cancel | Help
1&5 (00 Q0
17 (00|00 00 |00/00 /00 |00({00 34 EC|7e|17 D7|e& BO 45|BE -Iliv-|xj“Eé
187 |10 D33 7TDED |0 C4 00 0000 00 000000 00 0000 -|-'lf?r_'}é‘fi
152 |00 00 00 00 45 00 54|00 4C 00|00 00 00|00 00 00|00 E T| |L
1&% |00 00 00 0000 00 00|00 00 /00|00 00 00|00 00 00|00 j
Adr, hex: 84 |Char dec: 156|D1.remrrite| A

Download: http://www.chmaas.handshake.de/delphi/freeware/xvi32/xvi32.htm
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What Next

DBCC CHECKDB Internals
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