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My Assumptions About You

A You are most likely a DBA or developer with one or
more years SQL Server experience.

A You have a basic understanding of how to use
Performance Monitor and Profiler.

A You have a basic understanding of DMV/DMFs.

A You have a basic understanding of SQL Server
Internals.
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What We Are Going to Learn Toda

A How tempdb is Used
Atempdb Internals

A Ways to Monitor tempdb
A Ways to Optimize tempdb

Note: This session covers SQL Server 2005/2008
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What is Stored Iin tempdb?

Atempdb is used to store three different
categories of temporary data:
I User Objects
I Internal Objects
I Version Stores

Sa[_ ®

= 2 = w~ . 2 v A EEEEN A 2 A
SENEFCEHITEI.EID ¢ KS 2ZNX RQa [ NHSau /2YYdzyAue 2F {v] { SNIBIS NJ



User Objects

A Local and global temporary tables and indexe:
A Userdefined tables and indexes

A Table variables

A Tables returned in tablealued functions

Note: These lists are not designed to be all inclusive.
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Internal Objects

A Work tables foDBCC CHECKamRIDBCC CHECKTABLE

A Work tables fothash operationssuch as joins and
aggregations.

A Work tables for processing static or keysatsors
A Work tables for processingervice Brokeobjects.

A Work files needed for man@ROUP BY, ORDER BY, UNIGN
SELECT DISTIN@@&rations.

A Work files forsortsthat result from creating or rebuilding
iIndexes (SORT_IN_TEMPDB).

A Storingtemporary large objectd_OBs) as variables or
LI N} YSUSNER OAF GKSeé g2y Qi 7T,
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Version Stores

A The version store is a collection of pages used to store row
level versioning of data.

A There are two types of version stores:
1. Common Version StordJsed when:

I Building the inserted and deleted tables in after triggers.

I When DML is executed against a database usnagshot
transactionsor read-committed row versioning isolation
levels

I When multiple active result set8ARShare used.

2. Online-Index-Build Version StoreUsed for online index builds or
rebuilds. EE edition only.
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Keep the Following in Mind

ALT @2dzNJ { v[ {SNXSNI Ayaual yosS
activities just described, thetempdb performance may not
be an issudor you.

A On the other hand, if your SQL Server instance uses many of
these features, thetempdb could become a significant
bottleneckfor your SQL Server instance.

A Only byinvestigationwill you know.

A Keep in mind that there isnly one tempdband it is possible
for one misbehaved application and database to indirectly
affect the performance of all the other databasms the same
Instance.
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tempdb Internals (1)

A tempdb is dropped and recreated every time the SQL Server
service Is stopped and restarted.

A When SQL Server is restarted, tempdb inheritgyof the
characteristics of model, and creates an MDF file of 8MB and
an LDF file of 1MB.

A Autogrowth is set to grow by 10% with unrestricted growth.

A Each SQL Server instance may have only one tempdb,
although tempdb may have multiple physical files.
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tempdb Internals (2)
AGSYLIRO 2F0SY R2SayQi I Ot

A tempdb only uses the simple recovery model.

Aalyeé RIGlFIolIasS 2LWGA2ya O y @aly, Aau® OK
Close, Auto Shrink).

A tempdb may not be dropped, detached, or attached.

A tempdb may not be backed up, restored, be mirrored, have database
snapshots made of it, or have many DBCC commands run against it.

A tempdb logging works differently from regular logging. Operations are
only minimally logged with enough information to roll back transactions,
but not to be rolled forward. The log is truncated constantly, although it
can grow with longunning transactions.

Optional demo using SSMS, Profiler, a+8L Scripts
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Execution Plans and tempdb

A When a query execution plan is cached, the tempdb
work tables required by the plan, If any, are often cached

A When a work table is cached, the table is truncated (fror
the previous execution of the code) and up to nine pages
remain in the cache for reuse.

A This improves the performance of the next execution of
the query.

A If the system is low on memory, the Database Engine
removes the execution plan and drops the associated
work tables.
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Types of tempdb Problems

A Generally, there are three major problems you run
Into with tempdb:

1. tempdb is experiencing aO bottleneck hurting server performance.

2. tempdb is experiencing DDL and/or allocat@mntention on various
global allocation structure@netadata pages) as temporary objects are
being created, populated, and dropped. E.G. Any sighegaging
operation (such as INSERT) acquires a latch on PFS, SGAM or GAM pge
to update space allocation metadata. A large number of such operations
can cause excessive waits while latches are acquired, creating a
bottleneck, and hurting performance.

3. tempdb hasun out of space.

A Ideally, you should be monitoring all these on a
proactive basis.
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ldentifying tempdb I/O Problems (1)

A Use Performance Monitor to determine how busy ttisk is where your tempdb
MDF and LDF files are located
A LogicalDisk Object: Avg. Disk Sec/Re#@ile average time, in seconds, akad of
data from disk. Numbers below are a general guide only and may not apply to you
hardware configuration.
A Less than 10 milliseconds (ms) = very good
A Between 1620 ms = okay
A Between 2650 ms = slow, needs attention
A Greater than 50 ms = serious |10 bottleneck
A LogicalDisk Object: Avg. Disk Sec/Wrihe average time, in seconds, ofate
of data to the disk. See above guidelines.
A LogicalDisk: %Disk Tim&he percentage of elapsed time that the selected disk
drive is busy servicing read or write requedisgeneral guideline is that if this
value > 50%, there is an I/O bottleneck.
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ldentifying tempdb I/O Problems (2)

A SQL Server Database: Log Bytes Flushed/Ske total
number of log bytes flushed. A large value indicates heavy lo¢
activity in tempdb.

A SQL Server Database: Log Flush Waits/3é® number of
commits that are waiting on log flusAlthough transactions
do not wait for the log to be flushed in tempgda high
number in this performance counter indicates an 1/O
bottleneck on the disk associated with the log.
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ldentifying Contention on Allocation Structures

A Use these performance counters to monitor allocatidaallocation
contention in SQL Server:

AccesdMethods:WorktablesCreated/sec The number of work tables created
per second. Work tables are temporary objects and are used to store results
for query spool, LOB variables, and cursors. This number sgen&tally be

less than 200but can vary based on your hardware.

AccesMethods:WorkfilesCreated/sec The number of work files created per
second. Work files argimilar to work tables but are created by hashing
operations Work files are used to store temporary results for hash joins and
hash aggregates.

Temp Tables Creation Rat€éhe number of temporary tables or variables
created/sec.

Temp Tables For Destructioithe number of temporary tables or variables
waiting to be destroyed by the cleanup system thread.
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DMVs to Help You See What Is Happenin

A sys.dm_db file space usagReturns one row for
each data file in tempdb showing space usage.

A sys.dm_db task space usagReturns one row for
eachactive taskand shows the space allocated and
deallocatedby the task.

A sys.dm_db_session_space usagreturns one row
for each sessionwith cumulative value$or space
allocated anddeallocatedoy the session.

A Demo
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tempdb Space Allocation

A A higher % allocation farser objectsmplies that objects that are
created by applications are the major consumers of tempdb. This
may or may not be a cause of concern, but can imply potential
allocation page contention.

A A higher % allocation fanternal objectsimplies that the query
plans make heavy use of tempdb. This may not be a problem, but
you may want to look at the queries and try to optimize them.

A A higher % allocation for theersion storeimplies that the version
store cleanup cannot keep pace with version generation. See if a
long-running transaction is preventing version store cleanup. Or, a
high transaction throughput might be generating a large number of
versions per minute.
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Monitoring tempdb Space

A Performance Counters:
A SQL Server: Database: Data File(s) Size(KB): tempdb
A SQL Server: Database: Log File(s) Used Size(KB): tempdt
A SQL Server: Transactions: Free Space in tempdb (KB)

A DMV

A sys.dm_db_file space usage

A Consider creating an alert on these if you are having
spacerelated tempdb problems.
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If tempdb Space Runs Low, Errors Occl

A Check the SQL Server error log for these errors:

I 1101 or 1105: A session has to allocate more space in tempdb in orde
to continue
I 3959: The version store is full.

I 3967: The version store has been forced to shrink because tempdb is
full.

I 3958 or 3966: A transaction is unable to find a required version record
In tempdb.

A Be sure autogrowth is turned on for tempdb, and
ensure that you have enough available free disk
space.
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Tips for Optimizing tempdb: Overview

A Minimize the use of tempdb

A Add more RAM to your server

A Leave Auto Create Statistics & Auto Update Statistics on
A Preallocate tempdb space everyone needs to do this
A52y Q0 &aKNAY]l USYLIRO AT &2

A
A
A

_ocate tempdb on its own array
_ocate tempdb on a fast I/O subsystem

Divide tempdb among multiple physical files

A Avoid using Transparent Data Encryption (2008)
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How to Optimize tempdb General

A Generally, if you are building a new SQL Server instance, it is
good idea toassume that tempdb performance will become a
problem, and to take proactive steps to deal with this
possibility. It is often easier to deal with tempdb performance
Issues before they occur, than after they occur.

A The following tempdb performance tips may or may not apply
to your particular situation. It is important to evaluate each
one, anddetermine which ones best fit your particular SQL
{ S NI S NX a\ot/a g Size §fit©aB approach.
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Minimize the Use of tempdb (1)

A Usestandard performance tuning techniquésboost your
aSNISNXa LISNF2NXYI YOS 0STF2NB ¢
A52y Qi NBUOUdAzZNY Y2NB NRga GKIFyYy @&2dz
A52y Qi &a2NI RIFIGlF GKFO R2SayQi yS
A52y Qi dzaS 'bLhb 2NJ {9[ 9/ ¢ 5L{c¢L
A Keep transactions short.

A Use proper indexing to (e.g. use clustered indexes for columns where
lot of sorting occurs).

A Avoid using local and global temp tables. Either rewrite your code to
avoid using them, or consider creating a permanent work table.
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Minimize the Use of tempdb (2)

A Avoid using static and keysétiven cursorsin many cases, cursors can be
avoided by rewriting the code.

A Avoid using recursive common table expression queli¢be execution
plan for such a query shows a spool operator, then tempdb is being used
to execute it.

A Avoid using the SORT _IN_ TEMBPN when creating or rebuilding an
iIndex. If you decide to use this option, schedule to run during a slower
time of the day.

A Avoid using online index rebuilditgnterprise Edition), which uses row
versioning and, in turn, uses tempdb.

A Avoid using large object data types

A Avoid using table variables.
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Minimize the Use of tempdb (3)

Avoid aggregatingxcessive amounts of data.

Avoid joins that indicate a hadiipe joinin the query execution plan.
Rewrite the query or use better indexing.

Avoid using triggers
Avoid using rowversioningbased transaction isolation levels

Schedule jobssuch as DBCC CHECKDB, that use tempdb hetaumes
of the day when the SQL Server instance is less tugyerform DBCC
CHECKDB on a database backup on another server.

o Io Po  Io o
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| Need the Features You Told Me to Avoill

A The previous slides suggest avoiding taking
advantage of a lot of tools that are available to you.

A If you need these tools, then use them, but keep in
mind how they effect tempdb performance, and plan
accordingly.

Ahy GKS 20KSNJ KIFIyYRZ R2Yy QI
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Add More RAM to Your Server

A Depending on the operation, SQL Server tries to perform
the action in the buffer cache. (e.g. sorts, CTES)

A If the buffer cache does not have enough available space
then the operation may have to spill to tempdb.

A This places additional overhead on tempdb.

A If your server is experiencing a memory bottleneck, then
adding RAM can help reduce the load on tempdb.

A On the other hand, if your server has plenty of memory,
F RRAY 3 Y2NB 62y Qi0 KSftLI GS
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| eave Auto Statistics On

A By default, the database options Auto Create
Statistics and Auto Update Statistics are turned on
for tempdb.

ALY Y2ad OFasSasz R2y Q0 (dz
Server will automatically create and update statistics
as needed in temporary tables and indexes, helping
to boost performance of many operations performed
on them.
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Pre-Allocate tempdb Space

A The default SMB of tempdb space that is automatically allocated is
generally way too small a value.

A As SQL Server needs more tempdb space, it will request it, and
through autogrowth, it will get it, 10% at a time.

A When autogrowth kicks in, it uses up resources at often
Inconvenient times, and transactions have to wait until autogrowth
finishes, maybe causing timeouts. Also, autogrowth can contribute
to physical file fragmentation, which hurts I/0O.

A Instead, you should prallocate tempdb space so that when SQL
Server Is restarted, that it is immediately sized to the optimum size.

A Using Instant File Initialization can greatly speed the process of
growing the tempdb at system start.
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How Large Should tempdb Be?

A Start with an educated guess for new servers. For existing servers,
observe how much tempdb is used.

A Monitor tempdb usage over typical usage periods to help
determine typical tempdb MDF and LDF usage.

A Set tempdb size to the maximum amount (plus ~10% extra) based
on your monitoring.

A Keep autogrowth on just in case you are wrong, and some
unexpected transactions eats up a lot of additional tempdb space.

A Assuming that you have pidlocated tempdb, then usingfaed
autogrowth value from 410% of the size of tempdb should cover
most unexpected growth spurts with minimal resource effect.
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How to Preallocate tempdb Space

A Use ALTER DATABASE, or SSMS, to increase the s
of the tempdb database MDF and LDF files.

USE master;
GO
ALTER DATABASE tempdb
MODIFY FILE
(NAME = tempdev ,
SIZE = 20MB);
GO
ALTER DATABASE tempdb
MODIFY FILE
(NAME = templog ,
SIZE = 10MB)
GO
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A The amount of space actually used out of the amourgpzfce
allocated to tempdb can vary wildly over timehis is normal
behavior.

A52yQ0 0S GSYLIWWSR G2 aKNARyYy] 0SY
Its spacelf you do, you could start a cycle of growth and shrinkage
that wastes server resources.

A If the rare casesvhere tempg!b grows excessively (due to a wild
j dzZSNESX F2NJ SEFYLX SO0 yR AT @2
NE2OOdzNE GKSYy &2dz YIFreé gl yia 02
A The best way to shrink tempdb is to stop and restart the seswer

that the preallocated size is recreated. Using DBCC SHRINKFILE
might work, but is often ineffective.
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Locate tempdb on its Own Array

A If tempdb becomes very active, disk 1/0 contention
can become an issue.

A One way to help mitigate this problem is to locate
tempdb on its on array (or LUN) so that tempdb
F OUABAGOE R2SayQu KIF @S i:
activity.
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Locate tempdb on Fast I/O Subsysten

A Always locate tempdb on the fastest 1/0 subsystem
you have available.

A Prefer RAID 1 or RAID 10. RAID 5 is slow for writes
and should generally be avoided for tempdb, as
tempdb Is often writeintensive.

A If using a SAN, consult with a SAN engineer to ensul
UKFO GSYLIRO ¢62yQl0 06S | F-
A Consider SSD drives for tempdb MDF and LDF files.
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How to Move tempdb

A Determine the current location of the MDF and LDF files
A Run the ALTER DATABASE command to move the files

USE master;

GO

ALTER DATABASE tempdb

MODIFY FILE (NAME = tempdev , FILENAME ='E:  \ SQLData\ tempdb.mdf');
GO

ALTER DATABASE tempdb

MODIFY FILE (NAME = templog , FILENAME ="F: \ SQLLog\ templog.Idf');
GO

A Stop and restart the SQL Server instance
A Delete the old MDF and LDF files
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Divide tempdb Into Multiple Files

A By default, when tempdb is created, the MDF and LDF are created as
singlephysical files.

A While theLDF should always remain as a single physicabften dividing
the tempdb MDF into multiple physical filean help performance.

A Multiple files carreduce contention on various global allocation structures
by spreading activity over multiple physical fil@sis is particularly useful
for those tempdb database which spend a large percentage of time
allocatinganddé t t 20F GAy3 Gl ofSad LT &2dz
0 KSYy @&2dz LINPOoFoOofte& R2yQl Yy SSR Y dz

A Keep in mind thatising more physical disk files for tempdb can increase
switching costs and file management overheathich could potentially
hurt performance.

A Thus, a balance must be maintained. How is this done?
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How Many Physical Files Should tempdb Have

A Microsoft recommends (very generally) that tempdb should
have one physical file per CPU core.

A This often makes sense with 8 or fewer cores.

A But with more than 8 cores, you may be reaching the point
where the overhead of maintaining multiple tempdb physical
files overcomes the benefits.

A The design of your disk subsystem will affect this.

A Only through formal testing will you able to determine the
optimum number of physical files for your particular
AyaillyoSQa GSYLIROO®
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Recommendations for Multiple tempdb Files

A If you choose to use multiple tempdb files, keep the

following In mind.:

I Each physical file must be identical in size, and should be large enoug
to meet the tempdb needs of your instance.

I The autogrowth setting for each physical file must be identical, using
the same fixed autogrowth amount.

A The above is important because SQL Server uses a
proportional fill strategy to fill the physical files, and
If the files become different sizes, then tempdb
becomes less efficient.
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