A L €
| /

/ r » Yy b
Celebrating SQL Server 2008 R2

- !?'
=h =

SQL Server 2008R:
and NUMA Nodes

=tg= Thomas H. Grohser,
Senior Database Engineer, nteractiv

Sponsored by:



select * from =tg=

:
g
:
|
Lo
2

sQL4.21 First SQL Server ever used (1994) EEEEEEEE
: o : e PR Gt S S S i G S 2
SQL 6.0 First Log Shipping with automatic failover I S S S B S
I i S N S O SN EEE A
) £G4 SOU SDa SUE S99 Sod Soi NN EED B
sSQL 6.5 First SQL Server Cluster (NT4.0 + Wolfpack) —A
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sQL 7.0 2+ billion rows / month in a single Table EEE TR
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SQL 2000 938 days with 100% availability RIS
SQL 2000 IA64 SQL Server on Itanium |IA64
SQL 2005 IA64,x64 Long distance mirroring & > 400.000 STMT/s
SQL 2008 IA64,x64 Replication into mirrored databases
SQL 2008R2 |A64, x64 256 CPUs & >500.000 STMT/s B e [
SQL 11 (Denali) Can’t wait to push the limits even further E':;f m Ug"":;m“

Focus on SQL Server Infrastructure Architecture and Implementation
Close Relationship with Microsoft and Hardware Vendors
SQLCAT (SQL Server Customer Advisory Team)
SCAN (SQL Server Customer Advisory Network)
TAP (Technology Adoption Program SQL2008R2 and SQL11)
Active PASS member and PASS Summit Speaker
Senior Database Engineer at bwin Interactive Entertainment AG for over 6 years
designing and implementing one of the most challenging SQL Server infrastructures




CPU and Memory and why they are so important
Configuring which CPU’s SQL Server is using and how

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

Questions and answers




My favorite new
SQL2008 R2 feature
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Physical Memory Usage Histor

[ Physical Memory (ME)
Total

Cached

Available

Free
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168
1075
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[Processes: 71

CPU Usage: 72%

[Physical Memory: 57%




Configuring which CPU’s SQL Server is
using and how

« Why would we want to do this?
— Control, Manage and optimize the existing resources
— Save Money (CPU’s are expensive)

 Where does it make sense
— Two or more instances that share one server
— SQL Server instance that shares server with other application
— Larger server with high demands to IO




None
Uniform
Memory
Access

OK - but what the heck does that mean?




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

If 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 a in 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 is written back to disk at a later time
* Only the transaction log is persisted immediately to disk
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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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 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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scheduled here
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Data is in memory

Result is returned
via this node
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Worker thread is

scheduled here Data is in memory

here
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 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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Same Database / Multiple Applications




Same Database and Application
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* You can map a NUMA node to an IP Address and Port

@ Sqgl Server Configuration Manager o el e
File Action View Help
&9 2|0=H

'g SQL Server Configuration Manager (Local) Protocol Name Status
SQL Server Services . || ¥ Shared Memory Enabled
Hsa Sen{er Ne_twork Conﬁguratlor.! (32bit ¥~ Named Pipes Disabled
b § SQL Native Client 10.0 Configuration (321 ¥ TCP/P Enabled
Pl _E_ SQL Server Network Configuration .
&~ Protocols for MSSQLSERVER LR Dissbled
» 8 SQL Native Client 10.0 Config

s N
TCP/IP Properties (2] = |
IP Addresses
B 1p1 -
Active Yes =W
Enabled No =
IP Address fe80::9d3c:b19b:f2df:4e7e%14 l
TCP Dynamic Ports
TCP Port 1433
B 1p10
Active Yes
Enabled No
1P Address 2001:0:d5¢7:a2d6:147e:31e1:2a8
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.
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<port number>[<affinity bit mask>]

Single Port Examples

1500
1600
1700
1800

(0x1]
(0X2]
(0x4]
(0X7]

- NUMA Node 0
- NUMA Node 1
- NUMA Node 2
- NUMA Node 0,1,2
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* 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




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

string nodelConnectionString =
“Server=MyServer,1500;Database=MyDB;..."

string node2ConnectionString =
“Server=MyServer,1501;Database=MyDB;..."




All 1/0 In one node

Put OS Disks in the OS node

— 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)
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Good vs Bad Server design




SQL Server Error log

* On a NUMA enabled system you will find the following entries in the error log
<date> <time> Server Node configuration:

node 0: CPU mask: 0x00000000000000  Active CPU mask: 0x00000000000000

node 1: CPU mask: 0x00000000000000  Active CPU mask: 0x00000000000000

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.




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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e exec sp_configure 'affinity 1/0O mask', 0x0002

 If a CPU is dedicated to I/O corresponding bits in the
affinity mask must be O

Affinity Mask 0 0 1
Affinity /OMask 0 1 O




For the CPUs 33 to 64 there is a second pair of
configuration values:

exec sp_configure 'affinity64 mask', 0x0000
exec sp_configure 'affinity64 1/O mask', 0x0000




>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>

=




>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 =210 8

ALTER SERVER CONFIGURATION SET PROCESS AFFINITY CPU =210 8, 12 to
100, 107

ALTER SERVER CONFIGURATION SET PROCESS AFFINITY NUMANODE = 0,
2T04,7,8




* 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 1/O

exec sp_configure ‘affinity mask', OX7777777
exec sp_configure ‘affinity /O mask’, 0x8888888




« 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 remote!

« Make NUMA your friend by actively supporting it
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