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Relevant Components of a Server (CPU,
RAM, 1/0)

AB4, x64, x86 — Overview over the
architectures

Which architecture is best for which
workload

NUMA — Why it’s a good thing and you
should become friends

Affinity how to increase performance and
save money

Questions and answers
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My favorite new
SQL2008 R2 feature




CREATE INDEX WITH A SMILE

il_1Windows Task Manager
File Options Wisw Help

.Apphcat\ons | Pracesses | Services  Parformance |Netwurkmg | Users |

FCPUUsage | [ CPU Usage History

- Memary - Physical Memory Usage Histar,

[ Physical Memory (ME) System
Total 513013 Handles Tli1ed
Cached 1471 Threads 5829
Available 216313 Processes 71
Free 215022 Up Time 0:01:14:35
Commit (GE) 300} 502

Paged 168

Kernel Memary (MB)
’VNUnpaggd 1075 Resource Maonitor,

[Processes: 71 CPU Usage: 72% [Physical Memory: 57%
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Relevant Components of a Server

= CPU’s
= RAM
= |/O

Central Procession Units
Random Access Memory
Input/Output

Storage

SAN, DAS, SSD
(Solid State Devices)

Network
Display
Keyboard
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|AG4, X064, X86

= X386 or |IA32

3 32 bit Address space

- Intel and AMD

= X064

- AMD and Intel

3 Xx86 backward compatible

(native execution,
wrapper dll’'s into the OS)

= |[A64 - Itanium 2 64 Bit
o Intel

- x86 and backward compatible
(emulated execution)
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History and a glimpse in the future

SQL Server
SQL 4.21
SQL 6.0/6.5

SQL 7.0
X86

SQL 2000

SQL 2005
IAB4

SQL 2008
IAG4

X86
X86

x86, |A64
X86, x64,

X86, x64,

SQL 2008 R2 x86, x64, |IA64

SQL Denali

X64 only

Windows Server

NT 3.x
X86

NT4.0
X86

Windows 2000
x86, IA64

Windows 2003
x86, x64, |1A64

Windows 2003 R2
|IAG4

Windows 2008
X86, x64, |A64

Windows 2008R2
X64, |1A64

Windows ?7?7?7?
x64 only

X86, x64,

[
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Which Architecture for which

Workload

= X64 Is the future and best compromise

= Special cases

= X86 — Very Small databases that need to be
extra fast

= |A64 — Very I/O intense databases
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= None

= Uniform
= Memory
= Access

= OK - but what the heck does that mean?
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Why is Memory Important?

= Memory is fast
= Disk access is measured in ms
= Memory access in ns

» |f snapping your finger once a second is memory
access

* Doing it every 11 days is disk access
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Why is Memory Important?

SQL Server is ain memory database

All Query Requests and DML statements
and even all DLL statements work only on
data in memory

If data required for the operation is not in
memory it is loaded from disk into memory
first

Data i1s written back to disk at a later time

Only the transaction log Is persisted
Immediately to disk
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Single CPU
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Single CPU / Dual Core
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Single CPU / Multi Core
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Dual CPU
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Dual CPU / Solution
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Quad CPU Solution
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Octal CPU Solution
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= No longer a high end server feature
= Almost every >= 2 CPU server is now a

NUMA system.
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Dual CPU / Solution

konferenz




Quad CPU Solution




Octal CPU Solution
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How To Use it for SQL Server

= How SQL Server uses Memory
= Allocation from the Buffer Pool
= Allocation from Server Memory

* How SQL Server uses Memory on a NUMA
System
= Allocation from the local Buffer Pool
= Allocation from local NUMA Node memory
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Not NUMA friendly

Request comes in Worker thread is
here scheduled here

Data is in memory

Result is returned
here

via this node
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NUMA Friendly way

Request comes in
here

Result is returned
via this node

Worker thread is

scheduled here Data is in memory

here

[SQLdays]

konferenz




What is easy to affinitize

= Fully Transparent to the Application

* Multiple databases on the same server used by
different application

= Same database but different applications accessing
different parts of the database

= With Application Support

= Partition the data within one application and
process each partition on a separate node
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Multiple Databases and Applications

Application 1 Application 2 Application 3 Application 4

$ 3 87
= 5 5

ENEREY
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Same Database / Multiple Applications

Application 2 Application 3 Application 4

$ 3 87
= 5 5
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Same Database and Application

Application 1
UN) EMEA CAPRICA TATOOINE
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How to Affinitize

= You can map a NUMA node to an IP

@ Sql Server Configuration Manager WIS e
Address and Port = w
L AN IEREY
ﬁ SQL Server Configuration Manager (Local) Protocol Name Status
g SQL Server Services ) . || ¥ Shared Memory Enabled
B_ SQL Server Network Configuration (32bit ¥ Named Pipes Disabled
» 8 SQL Native Client 10.0 Configuration (324 TcP/P pae
4 _a_ SQL Server Network Configuration VA Disabled
& Protocols for MSSQLSERVER e
[ § SQL Native Client 10.0 Configuration - )
TCP/IP Properties 2l =
1P Addresses
B p1 =l
Active Yes d
Enabled No =
IP Address fe80::9d3cb19b:f2df:4e7e%14 | |
TCP Dynamic Ports
TCP Port 1433
B P10
Active Yes
Enabled No
IP Address 2001:0:d5¢7:a2d6:147e:31el:3a8
TCP Dynamic Ports
TCP Port 1433
B P11
Active Yes
Enabled No
1P Address fe80::147e:31e1:2280:94e8%15 ~
Active
Indicates whether the selected IP Address is active.
o) Comm ] [
. /
« 1 »
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How to Affinitize

= <port number>[<affinity bit mask>]

= Single Port Examples
= 1500[0x1] > NUMA Node 0
= 1600[0x2] - NUMA Node 1
= 1700[0x4] - NUMA Node 2
= 1800[0x7] > NUMA Node 0,1,2
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How to Affinitize

= You can also combine the settings

= 1500[0x1],1501[0x2],1502[0x3],1433[0xf]

1433 uses all Nodes, while 1500 to 1502 use one
node each
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How to connect from an Application

string generalConnectionString =
“Server=MyServer;Database=MyDB;...”;

string nodelConnectionString =

“Server=MyServer,1500;Database=MyDB;...

string node2ConnectionString =
“Server=MyServer,1501;Database=MyDB;...
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Good vs Bad Server design

= All I/O In one node @

= Put OS Disks in the OS node g

= Node 0 on most systems, depends on CPU and Server
manufacturer (on some system OS is in last node)

= Enable NUMA

= Setting often called Interleaved memory On / Off
= Tricky setting:

On = NUMA OFF or Disabled

Off = NUMA ON or Enabled (the good stuff)

e
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SQL Server Error log

* On aNUMA enabled system you will find the following entries in the error log

<date> <time> Server Node configuration:

node 0: CPU mask: 0x00000000000000f0 Active CPU mask: 0x00000000000000f0
node 1: CPU mask: 0x000000000000000f Active CPU mask: 0x000000000000000f
node 2: CPU mask: 0x0000000000000f00 Active CPU mask: 0x0000000000000f00
node 3: CPU mask: 0x000000000000f000 Active CPU mask: 0x000000000000f000
node 4: CPU mask: 0x00000000000f0000 Active CPU mask: 0x00000000000f0000
node 5: CPU mask: 0x0000000000f00000 Active CPU mask: 0x0000000000f00000
node 6: CPU mask: 0x000000000f000000 Active CPU mask: 0x000000000f000000
node 7: CPU mask: 0x00000000f0000000 Active CPU mask: 0x00000000f0000000

This message provides a description of the NUMA configuration for this computer.
This is an informational message only. No user action is required.

konferenz
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Avoiding Context Switches

exec sp_configure 'show advanced options’, 1
reconfigure

exec sp_configure 'affinity mask', 0x0002
reconfigure

HEX Value is CPU mask; One bit per CPU
Bit =1 CPU is used and a Worker Thread will not switch once started
Bit = 0 CPU is not used

All Bits = 0 (default) all CPU’s are used but worker threads can switch
from CPU to CPU

(this costs time only good on mixed OLTP/DSS/BI systems)
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Dedicating CPU’s for /O

= exec sp_configure 'affinity 1/O mask’,
0x0002

= |[f a CPU is dedicated to I/O corresponding
bits in the affinity mask must be 0

Affinity Mask 0 0 1
Affinity 1/O Mask 0 1 0
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For the CPUs 33 to 64 there is a second pair of
configuration values:

exec sp_configure 'affinity64 mask', 0x0000
exec sp_configure 'affinity64 I/0O mask', 0x0000
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>64 CPU’s: Windows 2008 R2 and SQL

Server 2008 R2

= Unisys ES7000 96 cores Xeon
= HP Superdome 128/256 cores Itanium
= More CPU’s and cores to come in the future

ALTER SERVER CONFIGURATION
SET PROCESS AFFINITY

CPU ={ AUTO | <range _spec>} |
NUMANODE = <range_spec>
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>64 CPU’s: Windows 2008 R2 and SQL

Server 2008 R2

ALTER SERVER CONFIGURATION SET PROCESS AFFINITY CPU =
AUTO

ALTER SERVER CONFIGURATION SET PROCESS AFFINITY CPU =0

ALTER SERVER CONFIGURATION SET PROCESS AFFINITY CPU =2 to
38

ALTER SERVER CONFIGURATION SET PROCESS AFFINITY CPU =2 to
8, 12 to 100, 107

ALTER SERVER CONFIGURATION SET PROCESS AFFINITY
NUMANODE =0,2TO4, 7,8
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Side effect: Save licensing costs

* You have a lot of CPU’s its very likely that one
or more CPU for I/O might make sense

= Example 32 CPU’s and we dedicate one per
NUMA node for I/O

exec sp_configure 'affinity mask', 0x7777777
exec sp_configure 'affinity 1/0O mask', 0x8888888

- Only 24 CPU licenses are required for
SQL Server
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= NUMA has arrived or will arrive at your
datacenter soon

= NUMA makes local memory access faster
not remote memory access slower, without
NUMA all memory access would be like
remotel!

= Make NUMA your friend by actively
supporting it
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FRAGEN ?




Hat Ihnnen mein Vortrag gefallen?

Ich freue mich auf Ihr Feedback!
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Wir sehen uns wieder:

[vs ] » building & connecting Know-how
One = 16.-17. Februar 2011 in Minchen
= _NET, Visual Studio, SharePoint & more!
www.VSone.de

appedv Training ° Trainings und Events der ppedv
I < ool = Mehr als 90 verschiedene Trainings
elnfach ausgezeichnet! _ _ U
= auf Microsoft-Technologien spezialisiert
= 11 Standorte in D & AT

» Mal3geschneiderte Trainings
direkt bei Ihnen vor Ort!

www.ppedv.de
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