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Abstract


Oracle Real Application Cluster technology and the Linux operating system together provide an excellent high-performance and high availability solution for online transaction processing (OLTP), decision support systems (DSS), and Data Warehouse databases. The focus of this presentation is to cover which linux versions are supported, the Oracle Cluster File System (OCFS), cluster management on Linux using OCMS, along with tips on the installation and configuration of Linux and Oracle RDBMS software. 


Oracle 9i Real Application Clusters


Real Applications Clusters is an Oracle9i software option that allows you take advantage of clustered hardware by running multiple instances against a database. The database files are stored on disks that are either physically or logically connected to each node so that every active instance can read or write to them. 


The Real Application Clusters software manages data access so changes are coordinated between the instances and each instance sees a consistent image of the database. The cluster interconnect enables instances to pass coordination information and data images between each other.


Oracle9i Real Application Clusters replaces clustered database options available in earlier releases. It offers transparent scalability, high availability with minimal down time following an instance failure, and centralized management of the database and its instances.


Why Implement RAC?


Increased Throughput


Parallel processing breaks a large task into smaller subtasks that can be performed concurrently. With tasks that grow larger over time, a parallel system that also grows, or “scales up,” can maintain a constant time for completing the same task.


Increased Performance


For a given task, a parallel system that can scale up improves response time for completing the same task. For decision support systems (DSS) applications and parallel query, parallel processing decreases response time. For online transaction processing (OLTP) applications, speedup cannot be expected because of the overhead of synchronization. 


Higher Availability


Because each node that runs in the parallel system is isolated from other nodes, a single node failure or crash should not cause other nodes to fail. This enables other instances in the parallel server environment to run normally. This also depends on the failover capabilities of the operating system and the fault tolerance of the distributed cluster software.


Support for a Greater Number of Users


Because each node has its own set of resources, such as memory, CPU, and so on, each node can support several users. As nodes are added to the system, more users can also be added, thereby enabling the system to continue to scale up.


Oracle 9i RAC Cache Fusion


By allowing any block being held by an instance to be copied to another instance across the cluster interconnect, cache fusion allows data to be shared between instances without the overhead of forced disk write block transfers. It even allows an instance to obtain a block already cached in another instance faster than it could read that same block from disk.
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Studies on typical clusters with high-speed interconnects regularly demonstrate the levels of speedup shown in the graph. This, in turn, allows applications to run on Real Application Clusters that might not have scaled successfully in previous Oracle cluster-enabled software releases.


Why Choose Linux?


Enterprise level kernels are now available for the Linux operating system that support many features required for very large databases such as SGA sizes beyond 4GB, asynchronous I/O, and big memory pages. Linux runs on near commodity Intel 32-bit platforms with support now extending to Intel based 64-bit platforms, resulting in a lower total cost of ownership hardware and software combination. Oracle Corporation now provides direct worldwide support for the Linux operating system running Oracle databases.


Linux RAC Architecture


Oracle Corporation supports the Oracle software on clusters that comprise RAC-compatible technologies and certified software combinations. Oracle Corporation does not provide hardware certification or compliance; this is still the responsibility of the hardware vendor.  Consult the Hardware Compatibility List (HCL) provided by the Linux distribution vendor for certified combinations.


Server/Processor Architecture


32-bit Intel Architecture Pentium III or IV, including Xeon based systems 


AMD processor systems not supported 


Network Interconnect Technologies


100 Mbps or Gigabit NICs and Switches


Crossover cables only supported on two nodes


Infiniband not currently supported


Storage Technologies


Fiber Channel Switched Fabric adhering to ANSI FC-FS specs


Fiber Channel Arbitrated Loop adhering to ANSI FC-A specs


Any SCSI product that is supported by the host and storage device


All arrays of JBOD devices


iSCSI not supported


Operating System


The Oracle9i database is supported with some of the personal version distributions for Red Hat and SuSE. The Caldera Open UNIX 8 with LKP (Linux Kernel Personality) distribution is supported. Oracle’s Intel/Linux binaries run without modifications on SCO Open UNIX 8 with LKP.


Oracle9i Release 2 database is supported only on the enterprise versions of Red Hat and SuSE. The current direction of Oracle Corporation on Linux is to support the enterprise-level distributions that are revised at approximately 12 to 18 month intervals, instead of the personal version distributions that have new releases at 3 to 6 month intervals. This gives the enterprise users a longer window for development and deployment on a stable release. 


Oracle Software


Oracle9i Enterprise database


Oracle Cluster File System


Oracle Cluster Management System


RAC on Linux Storage


Regular UNIX file system I/O routines do not support simultaneous remote access, which is required by RAC instances. Raw devices have been the standard for RAC on the UNIX platform because they bypass the OS file handling function calls, such as iget(), fopen(), fclose(), and so on. However, the disadvantage of using raw devices is the difficulty in managing very large number of raw disk devices. This has been addressed by the use of volume managers like Veritas Volume Manager. These volume managers work very well but they tend to be very expensive.


For Linux platforms that do not include a volume manager, such as Red Hat Advanced Server, Oracle has introduced Oracle Cluster File System (OCFS) to address the disk space management problem.


Oracle Cluster File System


Oracle Cluster File System (OCFS) is a shared file system that is designed specifically for Oracle RAC. OCFS eliminates the requirement for Oracle database files to be linked to logical drives or raw devices and enables all nodes to share a single Oracle home instead of requiring each node to have its own local copy. OCFS volumes can span one shared disk or multiple shared disks for redundancy and performance enhancements. 


The Oracle Cluster File System:


Is extensible without interrupting availability. Oracle homes and data files that are stored on the OCFS can be extended dynamically.


Eliminates the requirement for each node in a cluster to have its own local copy of the Oracle home.


Takes full advantage of RAID volumes and storage area networks (SANs)


Simplifies Oracle database administration. The OCFS provides a uniform view of files and directories across a cluster for both Oracle home files and Oracle database files.


Provides uniform accessibility to archive logs in the event of physical node failures


Guarantees, when applying Oracle patches, that the updated Oracle home is visible to all nodes in the cluster.


Guarantees consistency of metadata across nodes in a cluster.


OCFS Features


Node-Specific Files and Directories 


OCFS supports node-specific files and directories, which are also known as Content Dependent Symbolic Links (CDSL). This allows nodes in a cluster to see different views of the same files and directories although they have the same pathname on OCFS. This feature supports products that are installed on the Oracle home (like Oracle Intelligent Agent) that need to have the same filename on different nodes but require a private copy on each node because node-specific information might be stored in these files.


Unique Clustername Integrity 


OCFS associates a unique clustername with an OCFS volume. The clustername is automatically selected from the Cluster Manager registry and, if a valid nondefault cluster name is present, then any volume that is formatted from this node is available to nodes with the same clustername as this node. The ocfsutil command provides a way to change the clustername for a volume to another clustername or no clustername, which makes the volume visible to all nodes in the cluster. Clustername allows a hardware cluster to be segregated into logical software clusters from a storage viewpoint. This is important for supporting a storage area network (SAN).


When new nodes are added to an existing cluster, they automatically have access to the OCFS volume.


Cluster Management on Linux


In contrast to other UNIX platforms, RAC on Linux does not rely on a cluster software layer that is supplied by the system vendor. OCMS is included with Oracle9i for Linux.


OCMS resides above the operating system and provides the clustering that is needed by RAC. OCMS also provides cluster membership services, global view of clusters, node monitoring, and cluster reconfiguration as needed. The binaries, logs, and configuration files can be found in $ORACLE_HOME/oracm/.


In Oracle Release 9.2.0.2, Watchdog and the Watchdog timer have been replaced by the hangcheck thread driver and the hangcheck-timer, respectively. The hangcheck thread driver starts a thread with a timeout value that is controlled by the hangcheck_margin parameter. If the thread is not scheduled within that timeout value, then the machine is restarted. The default value for the parameter is 60 seconds.


OCMS COMPONENTS


OCMS consists of the following components:


Hangcheck thread driver


Cluster manager (oracm)


The cluster monitor (CM) maintains the process-level cluster status. It also accepts the registration of Oracle instances to the cluster and provides a consistent view of Oracle instances.


The node monitor provides the interface to other modules for determining cluster resources’ status, that is, node membership. It obtains the status of the cluster resources from the cluster manager for remote nodes and provides the status of the cluster resources of the local node to the cluster manager.


The hangcheck-timer module monitors the Linux kernel for any long operating system hangs that might adversely affect the cluster or damage the database. 


The parameters that control the behavior of the cluster manager are set in two files that are located in $ORACLE_HOME/oracm/admin: cmcfg.ora and ocmargs.ora, respectively.


The Hangcheck-Timer


In place of the watchdog daemon, the 9.2.0.2 version of the cluster manager for Linux now includes the use of a Linux kernel module called hangcheck-timer. This module is not required for cluster manager operation but its use is highly recommended. This module monitors the Linux kernel for long operating system hangs that could affect the reliability of an RAC node and damage a RAC database. When such a hang occurs, this module sends a signal to reset the node. This approach offers three advantages over the watchdog approach: 


Node resets are triggered from within the Linux kernel, making them much less affected by the system load.


The cluster manager on an RAC node can easily be stopped and reconfigured because its operation is completely independent of the kernel module.


The features that are provided by the hangcheck-timer module closely resemble those found in the implementation of the cluster manager for RAC on the Windows platform, on which the cluster manager on Linux was based. 


The Node Monitor


The node monitors on all nodes send heartbeat messages to each other. Each node maintains a database containing status information about the other nodes. The node monitors in a cluster mark a node inactive if the hangcheck-timer determines that the kernel is inactive for too long a period.


The hangcheck-timer sends a node reset signal for the following reasons:


Termination of the NM on the remote server


Node failure


Heavy load on the remote server


The node monitor reconfigures the cluster to terminate the isolated nodes, ensuring that the remaining nodes in the reconfigured cluster continue to function properly.


The Cluster Monitor


If an Oracle background process terminates abnormally, then the CM daemon on the node detects it and requests that the node stop completely. This prevents the node from issuing physical I/O to the shared disk before CM daemons on the other nodes report the cluster reconfiguration to instances on the nodes. This action prevents database damage.


RAC/Linux installation outline





The following section represents a high level overview of the steps necessary to install Oracle9i Real Application Clusters on a Linux System, along with some tips that may not be included in the installation guides. It is not meant to be a substitute for the manuals. Please consult the installation guides and release notes for detailed information.





In General, all steps will be performed on both nodes unless otherwise indicated.





Build the hardware cluster and interconnect using certified components. Consult the hardware compatibility list (HCL) from your operating system vendor.


Install Linux. For a RedHat installation, start with the Advanced Server installation to get the baseline of packages to install, but select customize packages to add and remove packages.


Remove the IBMJAVA2 package, as Oracle Corporation does not use it.


Add the pdksh package along with any additional tuning and monitoring packages desired. The ksh is required for some OID scripts to execute properly.


Prepare the Operating System for OCFS and OCMS installation.


Verify public and private network interface cards have addresses in /etc/hosts.


Adjust kernel parameters for interprocess communication, shared memory and semaphores in /etc/sysctl.conf


net.core.rmem_default = 65535


net.core.rmem_max = 65535


net.core.wmem_default = 65535


net.core.wmem_max = 65535


kernel.sem = 100 32000 128 128


kernel.shmmax = 2147483648 (For SGA sizes under 2GB)


Create oracle account and dba group


groupadd  -g 400 dba


useradd -u 400 -g dba -s /bin/bash oracle


Create the $ORACLE_BASE directories and /var/opt/oracle directories


mkdir /u01/oracle


chown oracle:dba /u01/oracle


mkdir /var/opt/oracle


chown oracle:dba /var/opt/oracle


Edit .bashrc profile for the oracle account owner.


ORACLE_BASE=/u01/oracle


ORACLE_HOME=/u01/oracle/product/9.2.0


PATH=$ORACLE_HOME/bin:$ORACLE_HOME/oracm/bin:$PATH


LD_LIBRARY_PATH=$ORACLE_HOME/lib:$ORACLE_HOME/oracm/lib


DISPLAY=machine_name:0.0 (Substitute actual machine name here)


export ORACLE_BASE ORACLE_HOME PATH LD_LIBRARY_PATH DISPLAY


umask 022


ulimit –u 16384


Download OCFS for Linux in a compiled form from the following Web site: http://otn.oracle.com/tech/linux/content.html


In addition, you must download the following RPM packages:


ocfs-support-1.0-1.i686.rpm


ocfs-tools-1.0-1.i686.rpm


ocfs-2.4.9-3typeversion.rpm, where the variable typeversion stands for the type and version of the kernel that is used


Install the above packages with: rpm –ivh package_name


Start the ocfstool GUI and generate configuration


/usr/bin/ocfstool


Select Task / Generate Configuration / Follow prompts


Verify /etc/ocfs.conf  was created successfully


Create mount point for OCFS shared disk.


mkdir /ocfs


chown oracle:dba /ocfs


chmod 755 /ocfs


Use the linux fdisk command to partition the shared disk. (On one node only)


Start ocfstool and format the OCFS shared disk/partition. (On one node only)


Select Task, then Format from the menu bar


Make sure to use 128k block size, user oracle, group dba, and protection 0775.


Load the ocfs module and mount ocfs volumes


/usr/local/sbin/load_ocfs


/bin/mount –t ocfs /dev/device_name /ocfs ( Substitute device_name with actual )


touch /ocfs/testfile.txt and verify both nodes have access.


Install the Oracle Cluster Manager 9.2.0.1 from the cdrom


Follow the prompts on the installation screens


Leave the watchdog parameter at the default value. It will be disabled later as it is deprecated in the 9.2.0.2 patchset to the Oracle Cluster Manager


The Quorum disk can either be a raw partition or a file in the OCFS shared disk area.


Download and install the Hangcheck-timer kernel module from the following Web site: http://otn.oracle.com/tech/linux/content.html


Install with: rpm –ivh hangcheck-timer-2.4.9-e.3-0.4.0-2.i686.rpm


This needs to be installed before the 9.2.0.2 patch


Manually load the hangcheck-timer kernel module to continue without rebooting


/sbin/insmod hangcheck-timer hangcheck_tick=30  hangcheck_margin=180 


Disable the mechanism to start the watchdog daemon


Issue the command: mv /etc/rc3.d/S99cluster /etc/rc3.d/s99cluster


Issue the command: mv /etc/rc5.d/S99cluster /etc/rc5.d/s99cluster


Issue the command: cd $ORACLE_HOME/oracm/bin;  vi ocmstart.sh


Comment out the lines related to the watchdog daemon


Install the 9.2.0.2 Cluster manager patch set using the runInstaller from the $ORACLE_HOME


Automate OCFS and OCMS commands to execute on system startup


Edit the /etc/rc.local startup file.


Include command to do the following:


Set oracle environment variables for root user


Load OCFS module


Mount OCFS file systems


Load Hangcheck-timer module


Start Oracle Cluster Manager


Start gsd process


Setup rsh and rlogin facilities so the installer can perform work on both nodes


Edit /etc/xinetd/rlogin and /etc/xinetd/rsh files


Check that “disable = no” exist in each file


Create the /etc/hosts.equiv file and cross-populate each node


Setup nodes specific entries in the .bashrc file on each node for the oracle account


On the first node, use runInstaller from the cdrom to install the Oracle 9.2.0.1 RDBMS software


Follow the screen prompts


Select custom install


Make sure Oracle Real Application Clusters 9.2.0.1 is selected in addition to other items


Select ‘The management server will use an existing repository’


Prevents installer from creating OMS repository now


Choose not to create a database at this time


Cancel Oracle Net configuration assistant


Cancel Enterprise Manager configuration assistant


Run root.sh on both nodes when directed


At the end, acknowledge error dialog by clicking OK button. (Due to canceling options)


Apply the Oracle 9iR2 9.2.0.2.0 patch with the runInstaller program


Use the DBCA utility to create the database (From one node only)





Oracle University Related Offerings


Managing Oracle On Linux ( 3 days - ILT )


This course is designed to give the Database Administrator a firm understanding of the components required to successfully deploy an Oracle9i Database on Linux. Students will learn how to configure the Linux operating system for optimal performance with an oracle database. Then they will install and create an Oracle9i Database on Linux. The students will also learn how to tune the Oracle9i Database to take advantage of the Linux operating system and the enterprise level feaures of the OS. Basic administration OS tasks as they relate to the database will also be covered; file system choices, automated startup and shutdown scripts, network configuration, customizing the database for Linux, and configuring Oracle Enterprise Manager. Lectures are reinforced with hands-on practices designed to walk the student through the entire installation, tuning and configuration process.


Oracle9i: Real Application Clusters ( 3 days – ILT )


If high availability and scalability are important to your organization, take advantage of the capabilities of Oracle Real Application Clusters. In this hands-on course you learn to configure and manage Real Application cluster database environment and learn how RAC delivers Scalability to your organization.


Oracle9i: Real Application Clusters on linux ( 2 days – ilt )


This course should provide the student with a working knowledge of the components required to sucessfully configure Oracle Real Application Clusters on the Linux platform. The student should be able to implement RAC on Linux using either native raw devices or the Oracle Cluster File System after completing the course. 
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