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Abstract 
The purpose of this paper is to provide information that can assist IBM customers and 
IBM business partners who are installing Oracle 10g (10.2.0.4 and up) or 11g on IBM 
System x3950 M2 with Linux® and NUMA enabled.  

Cpmment added January 2011. 

Please note that the default for 11gR2 is to have NUMA disabled.  This is a change from 
11gR1 where it is enabled by default. 

 

Prerequisites 
This document assumes a working knowledge of the Oracle Database. 

 

Introduction 
IBM System x3950 M2 utilizes eX4 technology which is primarily designed for but not limited to 
three major workloads: database servers, server consolidation using virtualization services, and 
Enterprise Resource Planning (ERP) servers.  The eX4 design consists of two 4U 4-socket rack-
optimized chassis (available on the System x3850 M2 and x3950 M2 systems) with the ability to 
scale up to 16 sockets and up to 96 cores. We will use “x3950 M2” for the remainder of this 
document, when referring to the IBM System x3950 M2 hardware.  By adding a ScaleXpander 
Option Kit, two (or more) x3950 M2 chassis can be configured into a multi-node NUMA capable 
x3950 M2. 

In order to set up x3950 M2 with NUMA, two or more x3950 M2 chassis are required. Each chassis 
serves as a single NUMA node.   

The steps are: 

1. Set up multimode configuration 

2. Install NUMA-enabled Operating System 

3. Install Oracle 10.2.0.4 or above 

This white paper is meant to increase the readers’ understanding of how Oracle Database 10.2.0.4 
and above and 11g can be deployed utilizing NUMA on an x3950 M2.  The example shown in this 
paper has not been extensively tested in a production environment.  It is left to the reader to take 
advantage of this information and use it wisely in its  own unique deployment environment. 

 

About IBM System x3950 M2 
IBM System x3950 M2 provides a scalable solution with the use of 4th generation X-Architecture 
enterprise server.  Its balanced design provides additional memory, processing power and I/O on 
demand.  As business grows, the x3950 M2 provides the flexibility to run more applications on the 
same server.  It includes a minimum of two CPUs per chassis for additional access to memory and 
I/O that addresses an organization’s specific application requirements.   
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Some of the performance highlights of x3950 M2 include but are not limited to: 

 The introduction of the first Intel® Xeon® processor-based 8-socket system to achieve 
1,000,000 transactions per minute milestone for x86-64 systems and surpass it by more 
than 20% 

 IBM Chipkill memory to help correct multiple, single-bit errors using off-the-shelf DIMMs 
 Memory Mirroring with hot-swap and hot-add support to help protect data through the ability 

to write simultaneously to independent redundant memory cards 

For further information on the IBM System x3850 M2 and x3950 M2, please refer to the following 
web site:    

http://www-03.ibm.com/systems/x/hardware/enterprise/x3950m2/index.html

 

Please refer to the following web site for product guide of the IBM x3850 M2 and x3950 M2:   

ftp://ftp.software.ibm.com/common/ssi/pm/rg/n/xso03033usen/XSO03033USEN.PDF

 

 
Figure 1: IBM System x3850 M2 / x3950 M2 front view (single node – not NUMA capable) 

 

 
Figure 2: IBM System x3850 M2 / x3950 M2 back view 
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Figure 3: IBM System x3850 M2 / x3950 M2 Interior View 

 

 
Figure 4: Supported multinode configurations (way means core in the diagram) 

 

According to IBM’s ITSO Redbook, “Planning, Installing, and Managing the IBM System x3950 M2”, 
(available at: http://www.redbooks.ibm.com/abstracts/sg247630.html), the x3950 M2 can form a 
multimode configuration by adding one or more x3950 M2 servers, as shown in Figure 4.  A 
multimode configuration is required for NUMA.  The x3950 M2 is the basic building block that allows 
supported two node (4-way or 8-way), three node (6-way or 12-way), and four node (8-way or 16-
way) configurations by adding other x3950 M2s as needed. 

 

About NUMA 
NUMA (Non-Uniform Memory Architecture) is a computer memory design that is used in some 
multiprocessor architectures.  With NUMA, every processor has access to all of the server memory.  
However, the memory access latency is lower (better) for memory that is on the same shared 
memory bus as the processor accessing that memory than for memory that is on a different shared 
memory bus.  Therefore, for optimal performance, the kernel needs to know the location of the 
memory and keep memory used as close as possible to the use of the memory.  The 2.5 Linux 
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kernels support NUMA servers.  The kernel provides data structures and macros to determine the 
layout of the memory and processors on the system.  The latest 2.6 Linux kernel works even better 
than 2.5 Linux kernel.  For instance, it makes NUMA clusters look more like a shared memory SMP 
cluster. 

In addition, support for NUMA has been enabled on the Oracle Database 10.2.0.4 and 11g. and the 
IBM System x3850 M2 and x3950 M2 are capable of exploiting NUMA features. 

NUMA commands 
This section describes the NUMA control commands that are available to validate the NUMA set up 
during the installation. 

Following is sample output from the “numactl –hardware” command:  

[oracle@test]$ numactl --hardware 
available: 2 nodes (0-1) 
node 0 size: 48193 MB 
node 0 free: 32989 MB 
node 1 size: 48227 MB 
node 1 free: 34402 MB 
node distances: 
node   0   1 
  0:  10  26 
  1:  26  10 

If the numactl command indicates are 2 (or more) nodes available (as in the above example), then 
NUMA is enabled on the server.  

Following is sample numctl output for a system that is not NUMA enabled:  

[root@r12db ~]# numactl --hardware 
available: 1 nodes (0-0) 
node 0 size: 64605 MB 
node 0 free: 298 MB 
node distances: 
node   0 
  0:  10 

If NUMA is not currently enabled, you can enable it by adding “numa=acpi” to the kernel command 
line which is located under /boot/grub/menu.lst for Red Hat Enterprise Linux 4 Update 5, and then 
reboot the server for the changes to take effect.  For Red Hat Enterprise Linux 5 or above, NUMA is 
automatically enabled. 

Numactl package needs to be installed either during Red Hat Enterprise Linux installation or install 
the package alone after the operating system installation.  This numactl package allows you to get 
more information on how shared memories on different nodes are distributed; it also allows you to 
manage the shared memory and CPUs distribution on the nodes.  Here are the two examples of 
numactl command. The following command will show you the policy, the preferred node, the 
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presence of physical CPUs and distribution of memory and CPUs.  In this example, the preferred 
node is the current node and there are 32 CPUs available for NUMA distribution.  The CPUs and 
memory are distributed across node 0 and 1. 

[oracle@test]$ numactl --show 
policy: default 
preferred node: current 
physcpubind: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
26 27 28 29 30 31 
cpubind: 0 1 
nodebind: 0 1 
membind: 0 1 

 

Numastat command provides the kernel NUMA statistics.  For each individual node’s memory 
distribution, /sys/devices/system/node/node*/meminfo will give you more details on it is usage on 
memory.  For NUMA servers with two nodes, numastat will return the following output on the left 
side of the table; for NUMA server with one node, numastat will return the output on the right side of 
the table. 

 

 

 

 

 

 

 

 

For NUMA server with one node, numactl --show will return the following output on the right side of 
the table below.  With NUMA servers with two nodes, it will return the output on the left side of the 
table below. 

 

 

 

 

 

 

 

[oracle@test]$ numactl --show 
policy: default 
preferred node: current 
physcpubind: 0 1 2 3 4 5 6 7 8 9 10 
11 12 13 14 15 16 17 18 19 20 21 22 
23 24 25 26 27 28 29 30 31 
cpubind: 0 1 
nodebind: 0 1 

[root@r12db ~]# numactl -show 

policy: default 

preferred node: current 

physcpubind: 0 1 2 3 4 5 6 7 8 9 10 11 

cpubind: 0 

nodebind: 0 

membind: 0 

[oracle@test]$ numastat 
                           node0           node1 
numa_hit               522610683       485031525 
numa_miss                      0               0 
numa_foreign                   0               0 
interleave_hit             25627           27061 
local_node             522228471       484175276 
other_node                382212          856249 

[root@r12db ~]# numastat 

                           node0 

numa_hit              1941772811 

numa_miss                      0 

numa_foreign                   0 

interleave_hit            223116 

local_node            1941772811 

other_node                     0 

A NUMA “node” is a group of processors with its own memory and possibly its own I/O channels.  

Hints and Tips for installing Oracle Database 10g (10.2.0.4 and up) and 11g on IBM System x3950 M2 with NUMA enabled 
http://w3-03.ibm.com/support/techdocs/atsmastr.nsf/Web/TechDocs 
© Copyright 2010, IBM Corporation 



  
 

On NUMA hardware, some regions of memory are on physically different buses from other regions.  
Since NUMA uses both local and foreign memory, it will sometimes take longer to access some 
regions of memory than others.  The ratio of the cost of access foreign memory over that for local 
memory is called the NUMA ratio.  The greater the ratio, the greater the relative cost of  accessing 
the memory of other nodes. 

 

Preparing the x3950 M2 with NUMA enabled 
The IBM System x3950 M2 includes two or more 4U rack-optimized chassis.  

An IBM Redbook titled “Planning, Installing, and Managing the IBM System x3950 M2” details 
planning, installing and managing the IBM System x3950 M2 and is available at: 

http://www.redbooks.ibm.com/abstracts/sg247630.html

Another IBM Redbook titled “Tuning IBM System x Servers for Performance” can be helpful in 
preparing x3950 M2 for NUMA implementation.  It is available at: 

http://www.redbooks.ibm.com/redpieces/abstracts/sg245287.html

 

Prerequisites to create a multimode configuration 
 The nodes are required to have ScaleXpander key with ScaleXpander Option Kit (part 

number 44E4249) installed. 
Note: An x3850 M2 with the installed ScaleXpander Option Kit is considered equivalent to 
an x3950 M2. 

 All nodes within a multimode configuration must have the same processor family, speed, 
and cache sizes. 

 Two or three or four nodes are supported in this multimode configuration, as shown in 
Figure 4. 

 Necessary cables are included with the x3950 M2 or with the ScaleXpander Option Kit for 
two-nodes and three-node complexes. 

 The primary node must have at least 4GB of RAM to form a multimode complex.  The 
amount of RAM in each node must be in the same amount in order to form a multimode 
configuration.  Please follow the installation manual to install DIMMs in the right place in 
the memory cards and in the right order. 
Note: It is important to make sure that the installed memory on all nodes has to be the 
same amount of memory; any different amount of memory will cause NUMA to be disabled 
on the servers. 

 All systems in the complex must have the same firmware levels for RSA II, FPGA, BMC 
and BIOS.  Failure to do so will cause unpredictable results. 
Note: Please flash all the system components after installing the ScaleXpanderchip even if 
the latest versions are already installed. 

 The RSA II network interface should be configured and attached to a separate 
management LAN. 
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 Access to at least one RSA II network connection is required in order to control the 
configurations.  For instance, you will need to manage all partitions by the RSA Adapter II’s 
scalability management menu in any node in the complex. 
Note: Only after merge is completed, the remote video and drive features are available 
from RSA II interface of the primary node. 

 The BIOS date and time settings should be adjusted to your local time settings. 
Note: Synchronizing the system and the RSA II in the BIOS is very important. Error events 
will be easier to debug if all nodes have the same time setting because each node has its 
own clock. 

 

Basic steps in setting up the multimode configuration 
1. Make sure that all nodes are on the same firmware levels for RSA II, FPGA, BMC and 

BIOS.  Otherwise, the merge will not be successful.  Please refer to the Redbook 
Section 5.1 (“Planning, Installing, and Managing the IBM System x3950 M2” ) on how 
to update the firmware levels and BIOS. 

2. Install the scalability cables to connect to all nodes.  Please refer to the Redbook 
section 4.6 for Cabling of multimode configurations. 

3. Assign each server a static IP address by logging into the server using RSA Adapters. 

4. Configure partitions in the Scalable Partitioning menu of RSA II Web Interface.  Please 
refer to Section 4.7 in the Redbook mentioned above. 

5. After you have completed all the steps in configuring the multimode configuration, 
power off every node, then power on the primary node only.  The other nodes will 
power on automatically if the configuration is done correctly.  After the system starts the 
POST, you can watch the merge process on the screens of all nodes in the partition. 

For instance, you will see the following in the screen of primary node that it is searching for 
the secondary node: 

 IBM BIOS - (c) Copyright IBM Cooperation 2009 
 Symmetric Multiprocessing System 
 Quad-Core Intel Xeon MP ~2.93GHz 
 Searching for secondary server 
 Press BLUE Remind button to bypass partition merge and boot standalone 

You will see the following in the screen of secondary node that it is searching for the 
primary node: 

 IBM BIOS - (c) Copyright IBM Cooperation 2009 
 Symmetric Multiprocessing System 
 Quad-Core Intel Xeon MP ~2.93GHz 
 Searching for primary server 
 Press BLUE Remind button to bypass partition merge and boot standalone 

As indicated, the merging process can be bypassed by pressing the blue REMIND button 
located on the LightPath Diagnostics panel.  However, if you want to merge two or more 
servers together as NUMA server, you do not want to press the blue REMIND button. 

After the nodes have merged successfully, you will see the following on the screen on the 
primary node: 
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Chassis Number      Partition Merge Status      Installed Memory 
       1            Primary                      48GB 
       2            Merged                       48GB 
Partition merge successful 
96 GB Memory:  Installed 
512 MB Memory:  Consumed by Scalability 
Press ESC to reboot and bypass merge attempt on next boot 
Press F1 for Setup 
Press F2 for Preboot Diagnostics (DSA) 
Press F12 to select boot devices 

 

Installing operating systems 
When choosing the operating system to be installed, check the IBM ServerProven Web pages to 
verify if the particular version of the operating system has been tested for compatibility with the 
x3850 M2 or x3950 M2.   

The IBM ServerProven Home web site is at: 

http://www.ibm.com/servers/eServer/serverproven/compat/us/index.html

The matrix of IBM ServerProven operating system support is at: 

http://www.ibm.com/servers/eServer/serverproven/compat/us/nos/matrix.shtml

Another important site to check is the IBM ServerProven compatibility for System x® servers at: 

http://www.ibm.com/servers/eServer/serverproven/compat/us/indexsp.html

Since different operating systems vendors have different hardware compatibility lists (HCLs), we 
recommend checking with the operating systems vendors’ web site before deciding on the 
operating system version. 

The commonly used web sites can be found on Section 5.3 of the IBM Redbook “Planning, 
Installing, and Managing the IBM x3950 M2”. 

 

Installing Oracle Database 10.2.0.4 and above and 11g with 
NUMA enabled 
In 10.2.0.4 and above and 11g, NUMA features are enabled by default if the hardware is NUMA 
enabled.  Installation of Oracle Database 10.2.0.4 and 11g on a NUMA server is no different than 
installing on a SMP server.  The storage device can be in the form of ASM, block devices or ext2 / 
ext3 file systems.  Nevertheless, after installation, particular attention needs to be paid to its 
performance and memory allocation because different applications will have a different outcome for 
the performance.   

The installation steps can be found on Oracle Technology Network web site at: 

http://www.oracle.com/technology/pub/articles/smiley-11gr1-install.html
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Hints and tips 

Oracle alert log 
You will see the following in the alert log if NUMA is enabled, Oracle should write a message similar 
to the following at instance startup time:. 

NUMA PG = 2, CPUs = 16 

Otherwise, it will say NUMA PG=1, CPUs = 32. 

(The above output assumes you have 2 nodes and 16 CPUs on each node.) 

 

NUMA and HugePages 
We recommend implementing HugePages if it is available on your platform.  It is important to make 
sure that there are enough huge pages allocated to host the entire SGA when Oracle NUMA 
optimizations are enabled.  If there are not enough huge pages configured to satisfy all shared 
memory segment allocation requests, then the probability that you will deplete one local memory 
pool is very high, especially for node 0.  The performance will be greatly affected because Oracle 
will default to use 2K pages. 

As mentioned in the previous section in this paper, usage of Hugepages on each node can be 
found in meminfo under /sys/devices/system/node/node* directory. 

 

Red Hat Enterprise Linux 4 
The boot parameter numa=acpi is required to enable NUMA initialization on RHEL4.4, RHEL4.5, 
and RHEL4.6 on multi-node x460, x3950, x3950 M2 systems.  Fix is in RHEL4.7.   

At the end of the line in the boot menu, you type numa=acpi which is located in /boot/grub/menu.lst.  
Please see the installation instructions for these machines for more information.  For example, in 
Step 3 of Red Hat Enterprise Linux Version 4 Update 4 Install Instructions at this web site: 

http://www-304.ibm.com/systems/support/supportsite.wss/docdisplay?lndocid=MIGR-
5069533&brandind=5000008#45

Disabling NUMA 
Beginning in Oracle Database 10.2.0.4 and 11.1.0.6, Oracle will automatically exploit NUMA 
features if it is running in a NUMA enabled environment.  

It is always a best practice to test the performance of the system in a test environment after 
disabling NUMA.   

Oracle’s patch number 8199533 will disable NUMA optimization (by default) at the database layer.  
This patch is rolling upgradeable and does not need to be applied to ASM home.  Oracle does not 
recommend to disable NUMA by setting init.ora parameter “_enable_NUMA_optimization” = FALSE 
and “_db_block_numa” = 1”.  After applying this patch, you will get more detailed information about 
NUMA in the alert log. 
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Adding numa=off at the end of the kernel parameters in the boot file can also disable NUMA.  The 
boot file in Linux is in /boot/grub/menu.lst. 

For instance, the output will look like this: 

title Red Hat Enterprise Linux Server (2.6.18-128.el5) 

        root (hd0,0) 

        kernel /vmlinuz-2.6.18-128.el5 ro root=LABEL=/ rhgb quiet numa=off 

        initrd /initrd-2.6.18-128.el5.img 

 

Summary 
The NUMA architecture, which is part of the so-called Distributed Shared Memory (DSM) 
architecture, was designed to surpass the scalability limits of the SMP (Symmetric Multi-
Processing) architecture., where all memory access are posted to the same shared memory bus.  
Scalability is the main benefit of NUMA.  By having several memory busses and only a small 
number of CPUs on each of those busses, NUMA is one method to reduce the number of CPUs 
competing for access to a shared memory bus. 

In order to set up x3950 M2 with NUMA, we need to have two or more x3950 M2 nodes.  After 
fulfilling all the prerequisites of setting up multimode configuration and testing the NUMA setup on 
the server side, install a NUMA-enabled Operating System and Oracle 10.2.0.4 or above.  After OS 
and database installations, you can see if NUMA is enabled or not by executing numactl command 
and checking initialization parameters (or Oracle alert log) for the operating system and database 
levels respectively.  Please also remember to check the latest news on the IBM Server web site 
and Oracle’s Metalink web site for the interoperability guide and NUMA information. 
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Resources 
 IBM Redbook “Planning, Installing, and Managing the IBM System x3950 M2” 

http://www.redbooks.ibm.com/abstracts/sg247630.html

 IBM Redbook “Planning IBM System x Servers for Performance” 

http://www.redbooks.ibm.com/redpieces/abstracts/sg245287.html

 

These Web sites provide useful references to supplement the information contained in this 
document: 

 IBM Support web site 
http://www.ibm.com/support

 IBM Redbooks web site 
http://www.redbooks.ibm.com

 Oracle Metalink 
http://metalink.oracle.com 

 Oracle Technology Network 
http://www.oracle.com/technology/index.html 

 

Please submit any questions related to this document to the IBM Oracle International Competency 
Center at: ibmoracl@us.ibm.com  
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performance, capability, or any other claims related to non-IBM products. Questions on the 
capability of non-IBM products should be addressed to the supplier of those products. 

All statements regarding IBM future direction and intent are subject to change or withdrawal without 
notice, and represent goals and objectives only. Contact your local IBM office or IBM authorized 
reseller for the full text of the specific Statement of Direction. 

Some information addresses anticipated future capabilities. Such information is not intended as a 
definitive statement of a commitment to specific levels of performance, function or delivery 
schedules with respect to any future products. Such commitments are only made in IBM product 
announcements. The information is presented here to communicate IBM's current investment and 
development activities as a good faith effort to help with our customers' future planning.  

Performance is based on measurements and projections using standard IBM benchmarks in a 
controlled environment. The actual throughput or performance that any user will experience will 
vary depending upon considerations such as the amount of multiprogramming in the user's job 
stream, the I/O configuration, the storage configuration, and the workload processed. Therefore, no 
assurance can be given that an individual user will achieve throughput or performance 
improvements equivalent to the ratios stated here. 

Photographs shown are of engineering prototypes. Changes may be incorporated in production 
models. 
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Any references in this information to non-IBM Web sites are provided for convenience only and do 
not in any manner serve as an endorsement of those Web sites.  The materials at those Web sites 
are not part of the materials for this IBM product and use of those Web sites is at your own risk. 
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