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 SQL Server Read & Write Protocols
e Understanding Raid Levels
e DAS vs. SAN vs. NAS

« Storage Units BP’s & Trade-Offs
e Understanding your |/O

e Hard Drive Fragmentation

e Files & Filegroups
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Write Protocols

» Write-Ahead Logging (WAL)

— The log records must be hardened to disk
before the data pages

» Write Ordering

— All I/O must be written in the correct order, no
exceptions



Write Protocols

* Forced Unit Access (FUA)

— Forces writes directly to stable media (well
almost)

* Torn Page Detection
— Detects partial writes to pages on disk
* Checksum

— Generates a checksum on Writes and checks

on Reads. BP: Always use Checksums on
2005 & >



How SQL Server Reads / Writes

« Scatter-Gather I/O

— WriteFileGather can write up to 16 Pages

— ReadFileScatter can read up to 1,024 Pages
« Keep In mind:

— EE can do more efficient Read-Aheads

— Logical fragmentation will reduce read-ahead
size



Disks (Understanding Raid Levels)

 RAID 1 (Mirrored)
— O/S, Logs, Tempdb .
* RAID 5 or 6 (Striped & Parity(s)) #
— Data, Tempdb
 RAID 0+1 or 1+0 (Striped & Mirror)
— Data, Tempdb, Logs
* RAID 0 (Striped)
— Temporary or Intermediate Backups
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Temporary or Intermediate Backups




Drive Arrays (Cont)

RAID 1
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O/S, Logs, Tempdb




Drive Arrays (Cont)
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Drive Arrays (Cont)




Note the Difference

RAID 0+1

SIS




Drive Arrays (Cont)

RAID 5
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Data, Tempdb
Not as preferred as it used to be. OK for mostly Read-Only
applications




Drive Arrays (Cont)
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Data, Tempdb, SAN Base Arrays




RAIDS5 vs. RAID10 Performance Comparison
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DAS (Direct Attached Storage)

 Either internal disks or external disks that are
dedicated to a particular host

« May be configured in an array or used as a stand
alone disk

* Requires an array controller in the host
« Usually traditional copper connections &
* Limited Cache _ ]
« Limited # of total disks J\|\|\|\|\|\|\l}‘{l\l\[\l\l\l\l\[
* Limited options for configuring

« But still has some benefits




Local Array Controllers

 Local Controller
— Cache size

— Cache Ratio
» Usually defaults to 60/40 or 50/50

— Shared Channels
— Limited Bandwidth

 Best Practices
— Devote more cache to write than read
— Turn off caching if not battery backed



SAN (Storage Area Network)

External storage that is typically shared (in one form
or another) between various hosts

Various flavors of Raid Levels and general

storage techniques L DS 000 |
* Requires a HBA in each host MMM“M
« Usually Fiber Connections mm
« Cache & Processors are in the SAN LUMMMJ

« Much more scalable & flexible than DAS
 Worst Practice: Don’t assume SAN'’s are faster



HBA's (Host Bus Adapters)

« HBA's off load vitals to the SAN Heads
* No local cache, only shared at the Heads

Best Practices

— Consider multiple HBA's for redundancy &
Multi-Pathing

— The default HBA Queue depth is not always
the best, try increasing it



NAS (Network Attached Storage)

* Not directly support by SQL Server for
hosting database files (except R2 >)

e |/O Is via the network

« Still may be useful for operations such as
backups and ETL etc.




Typical SAN
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Must Have Best Practices

— Ensure you have the latest and correct drivers for
your HBA’s & Disk Array Controllers

— Ensure you also have the latest firmware updates as
well

— Disk Partition Alignment Best Practices for SQL
Server
* http://msdn.microsoft.com/en-us/library/dd758814.aspx
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Storage BP’s & Trade-Off's

« Separate Data & Log files when possible

— Maybe Tempdb as well?
 If unsure make the data array larger instead of splitting

« Keep LUN design simple yet effective

* In general avoid Raid 5 for heavy writes
* More spindles = higher I/O capacity

* More spindles = wasted space



Storage BP’s & Trade-Off's

« Faster disks = better performance

« Faster disks = more $ & higher power
consumption

« Test storage configurations before you go live
(SQLIO, SQLIOSIm, IOMeter etc.)

— Can be complicated and very time consuming

« Take advantage of Vendors & MS’s Multipath
/O options




Understanding Your I/O

* You can’t properly configure if you don’t know
your patterns / load
— What is the read to write ratio?
— How much is sequential vs. random?

— What will be the avg & peak 1/O loads?
* |[OP’s
 MB’s per second

— Is it OLTP or OLAP?

— What about Reporting?



Understanding Your I/O

« This can be one of the hardest things to
estimate
— HW is constantly changing
— HW performance depends on many factors
— If the app is still theory then you may have to guess

— If existing then use perfmon counters and
virtualfilestats

* Better to overestimate I/O needs than
under



Understanding Your I/O

 |/O speeds & throughput will depend on
many factors including:

— Vendor

— Model & Type of Disks RPM  Avg Seek 10PS
— Fabric 10K 4.9ms 125
— Controllers

15K 3.5ms 180

e Test— Test- Test



Checkpoints

* A Checkpoint attempts to

write all dirty

pages in the buffer to disk

— Can be one of the single biggest I/O hits on
your system and should always be taken into

consideration

— Has internal algorithms to minimize impact on

busy systems but it can on

* Recovery Interval can hel
edged sword

y do so much

0 but Is a dual



Stalled 1/0O

 SQL 2000 SP 4 added new detection
capabillities
— http://support.microsoft.com/default.aspx?scid=kb:en-us:897284

—“1/0O taking longer than 15 seconds”

» Best Practice: Don't ignore these
warnings & get to the root cause as
quickly as possible
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Defragging Hard Drives

* |s this necessary?

 SAN’s may not benefit from this as much
depending on the Vendor and
Implementation

* DAS can definitely benefit from this if it is
heavily fragmented to begin with

« Should only need to do it once



File & Object Placement

 Binaries

— No matter what some of the binaries must reside on
the C: drive even if you tell it to install elsewhere

— BP: Ensure there is plenty of free space on the C:
drive

« System databases
— Master
— Model
— Msdb
— Tempdb
— Distribution



Instant File Initialization

* The operating system and file system must
support instant file initialization.

 The SQL Server startup account must possess
the SE_ MANAGE_VOLUME_NAME privilege.
This privilege is required to successfully run
SetFileValidData.

« The file must be a data file. Transaction Log files
are not eligible for instant file initialization.




Files & Filegroups

 How many Filegroups should you have?

— Depends but BP is at least 2
* Primary Filegroup for the system objects
« Secondary Filegroup(s) for user objects

* You may want to separate objects into different
Filegroups for future growth

— Can be difficult to determine up front what should go
where

 Partitioning will often tax your FG scheme



Files & Filegroups

« How many Files in each Filegroup?

— User Databases also depends
« Average databases get by fine with a single file

« Extreme activity may warrant more files
— Contention for internal bitmaps (SGAM, PFS etc.)
— Extremely heavy reads or writes
— Tempdb usually benefits from multiple files
for contention reasons



Files & Filegroups

* All files in the same FG must be the same
Size

* Don’t count on Autogrow to get you by.
Be proactive instead

« Change Autogrow settings to be a fixed
amount in MB or GB

* Tran Log should be a single file



* You must understand your I/O on high end
systems

» Plan for worst case and then some

* Test before deployment

* Monitor after deployment

* Familiarize yourself with the links provided




» Description of drive caching

— http://support.microsoft.com/default.aspx?scid=kb:en-us:234656

* How to use the SqllOSIim utility

— http://support.microsoft.com/kb/231619/EN-US/

 SQL Server 2000 I/O Basics

— http:/[technet.microsoft.com/en-us/library/cc966500.aspx

« SQL Server 2005 I/O Basics Chapter 2

— http://technet.microsoft.com/en-us/library/cc917726.aspx
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« Storage TOP 10 Best Practices

— http:/[technet.microsoft.com/en-us/library/cc966534.aspx

 SQL Server Best Practices Article

— http://technet.microsoft.com/en-us/library/cc966412.aspx

* Old but good disk detalls

— http://www.cs.berkeley.edu/~culler/cs252-s02/slides/lec06-i0.pdf

 What do | need to know about SQL Server [/0O?

— http://blogs.msdn.com/psssaql/archive/2006/11/27/what-do-i-
need-to-know-about-sql-server-database-engine-i-o.aspx
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