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Database Files - Overview

A database can have three types of files

•Primary 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)

•Secondary data file (.NDF) –
A database can have optionally zero or more Secondary data files, 
created for better performance and to manage data efficiently.

•Transaction 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:

System Page types
1. Header page
2. GAM  page (Global allocation map)
3. SGAM page (Shared global allocation map)
4. IAM page (Index allocation map)
5. PFS page (Page free space)
6. BCM page (Bulk change map)
7. DCM page (Differential change map)
8. Metadata Pages

Data related page types
1. Data page
2. Index page



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



System Pages



System Pages

Page Types

1 - data page.
2 - index page.
8 - GAM page.
9 - SGAM page.
10 - IAM page.

11 - PFS page.
13 - boot page.
15 - file header page.
16 - diff map page.
17 - ML map page

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



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.



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

Extent Allocations - GAM/SGAM

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


Partitions and Allocation Units

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'
go



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')
go



Header Pages

Pages are uniquely
Identified by 
File Number : Page Number

Mdf can have ‘n’ 
tables

Table can have 
More than on
partitions

Partition have Data page and optionally LOB, Overflow pages 

One table allocation unit can have 
‘n’ pages In Uniform/Mixed extend

A Page can have 1 or 
more
Rows

Database structure (high level)



DBCC Commands

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

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)

DBCC ind ( { '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])

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


DBCC EXTENTINFO and DBCC IND

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

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



DBCC PAGE



DBCC PAGE



DBCC WRITEPAGE

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

Note:
Database PageVerify = CHECKSUM

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


Hex Editor (Ex: XVI32)

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

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


What Next

DBCC CHECKDB Internals



Thanks


