Sun^{TM} Cluster 2.2 Product Just the Facts

Copyrights © 2000 Sun Microsystems, Inc. All Rights Reserved.

Sun, Sun Microsystems, the Sun logo, Solaris, Sun Enterprise, Ultra, Solstice, Solstice DiskSuite, Netra, Sun StorEdge, SunFastEthernet, iPlanet, Java, AnswerBook, SunService, SunSpectrum, SunSpectrum Platinum, SunSpectrum Gold, Solstice Backup, SunStart, SunSpectrum Silver, SunVIP, SunSolve, SunSolve EarlyNotifier, and PDB are trademarks or registered trademarks of Sun Microsystems, Inc. in the United States and other countries.

UNIX is a registered trademark in the United States and other countries, exclusively licensed through X/Open Company, Ltd.

Netscape is a trademark of Netscape Communications Corporation.

All SPARC trademarks are used under license and are trademarks or registered trademarks of SPARC International, Inc. in the United States and other countries. Products bearing SPARC trademarks are based upon an architecture developed by Sun Microsystems, Inc.

X/Open is a registered trademark, and the "X" device is a trademark, of X/Open Company Limited. Legato NetWorker is a registered trademark of Legato Systems, Inc.

Table of Contents

Positioning............................................................................................................................................................4 Introduction......................................................................................................................................................4 Product Family Placement................................................................................................................................5 The Sun Enterprise Server Family....................................................................................................................6 Supported Configurations and Key Features.....................................................................................................6 Key Messages: Clustering for Availability, Scalability, and Flexibility.............................................................8 Sun Cluster Target Customers.........................................................................................................................10 Sun Cluster Key Differentiators......................................................................................................................10 Selling Highlights...............................................................................................................................................14 Target Applications........................................................................................................................................14 System Architecture ..........................................................................................................................................16 Sun Cluster Hardware Architecture.................................................................................................................16 Disk Storage Subsystem..................................................................................................................................17 Cluster Private Network..................................................................................................................................17 Reliability, Availability, and Serviceability (RAS)............................................................................................19 Availability.....................................................................................................................................................19 Requirements and Configuration......................................................................................................................23 System Requirements.....................................................................................................................................23 System Management..........................................................................................................................................24 Sun Cluster Software Components..................................................................................................................24 Solstice DiskSuite (SDS) Software..................................................................................................................27 VERITAS Volume Manager (VxVM) Software..............................................................................................27 Fault Management and Recovery Software.....................................................................................................27 Cluster Management Software........................................................................................................................28 Backup and Restore in the Sun Cluster Server.................................................................................................29 Failure Recovery............................................................................................................................................29 Private Network Failure..................................................................................................................................33 Recovery Time...............................................................................................................................................33 Parallel Database Technology.........................................................................................................................34 Oracle Parallel Server: A Shared Disk Model.................................................................................................34 Transaction Monitors......................................................................................................................................35 Terminal Concentrator/Start- up Package........................................................................................................35 Ordering Information........................................................................................................................................37 Sun Cluster Order Approval Process...............................................................................................................37 Migration to SunTM Cluster Server.................................................................................................................40 The Migration Process: An Example of Migration From a Single- Node Environment....................................40 Migration Detail: Disk Subsystems.................................................................................................................41 Service and Support...........................................................................................................................................42 Glossary..............................................................................................................................................................44 Materials Abstract.............................................................................................................................................47

Positioning

Introduction

The Sun^{TM} Cluster product is a loose coupling of two or more servers (nodes). Sun Cluster provides a highly available, scalable, flexible, and manageable solution for enterprise- wide computing.

This product is targeted at customers who run business- critical applications, which in today’s environment is every enterprise customer. These customers cannot afford to lose their business- critical computing resources for extended periods of time due to hardware or software failures, or even due to routine maintenance such as application upgrades. To these customers, extended downtime is unacceptable and expensive in terms of lost revenue and productivity. These customers are willing to make investments in solutions that minimize the impact of downtime. Sun Cluster is designed specifically to address the high- availability needs of these customers.

Sun’s approach to clustering for high availability is simple, yet elegant. Sun leverages its core competencies in servers, storage, system software, and support to provide a cost- effective, flexible solution. The Sun Cluster solution uses Sun’s standard server and storage products, allowing customers to integrate existing Sun products and some earlier generation Sun products into a cluster. This solution is very flexible, allowing a wide variety of Sun servers and storage products to be clustered.

Sun Cluster 2.2 (including Sun Cluster 2.2 updates) provides a comprehensive solution for customers with a need for high availability and scalability of critical data and services. Sun Cluster 2.2 is the next phase of Sun’s Full Moon clustering roadmap, which delivers an easy- to- use, continuously available, multiplatform clustering solution that is completely integrated with the Solaris^{TM} Operating Environment.

Sun Cluster 2.2 merges the capabilities of Sun Cluster 2.1 and HA 1.3 in a single offering. It is an integrated parallel database and high- availability solution including all of the Sun Cluster 2.1 patches to date.

Sun’s investment in this technology is huge. There are approximately 200 development engineers dedicated to providing the "best of breed" clustering products for Sun’s customers and to introduce new features aggressively.

Sun Cluster is one of the most highly available, scalable, and flexible clustering solutions in the industry today. With Sun’s Full Moon clustering technology roadmap, Sun has set a course toward making Sun clusters the most easily manageable in the industry. When fully implemented, Sun’s Full Moon clustering technology will make it easier to manage a cluster of several servers than many individual servers. This manageability benefit, together with the high- availability and scalability benefits, will make clustering a standard requirement for enterprise- wide computing. Sun is uniquely positioned to deliver on the Full Moon technology roadmap˙ Sun has articulated a vision for clustering, laid out a roadmap to get there, and committed the resources to make it a reality.

Product Family Placement

Sun Cluster is an integrated solution built on the solid foundation provided by Sun’s hardware and software products and relationships with Sun’s allies.

• Hardware

− Sun Enterprise^{TM} servers − Outstanding servers in terms of price/performance, scalability, and RAS features (reliability, availability, and serviceability)

− Sun storage products − A comprehensive line of robust storage products of various capacities, supporting a variety of interfaces from fast/wide to Ultra^{TM} differential SCSI to Fibre Channel arbitrated loop

− Cluster interconnect − Industry- standard FastEthernet (100 Mb/sec.), Gigabit Ethernet (up to 20 MB/sec.), and scalable coherent interconnect (up to 50 MB/sec.) for private cluster communication • Software

− Solaris 2.6, 7, and 8 Operating

Environment

− One of the most robust UNIX^® operating environments in the industry

− Sun Cluster software − Clustering software technology for cluster monitoring and fault management

− Sun Cluster API − Published API for making commercial and custom applications highly available on Sun clusters

− GUI- based clustermanagement software

− To monitor the status of cluster membership of a node, logical hosts, HA and parallel data services, and interconnects

− VERITAS Volume Manager

(VxVM) software, Solstice DiskSuite^{TM} software, VxVM Cluster Functionality (formerly Cluster Volume Manager) (for OPS)

− Choice of volume managers and file systems

− High- availability agents − High availability agents for popular applications are developed and maintained by Sun, while others are available from third parties, such as DB2 from IBM

− These agents significantly reduce the time and cost to deploy high- availability applications on Sun clusters • Strategic alliances

− Certified cluster applications − Sun collaborates with leading ISVs such as Oracle, Informix, Sybase, IBM, BEA, SAP, Lotus, Tivoli, and Netscape to certify their applications on Sun clusters

− Many ISVs use Sun servers as their development platform, resulting in time- to- market advantages for Sun and competitive benefits for customers

The Sun Enterprise Server Family

The Sun Enterprise server family is the foundation for Sun Cluster’s highly available, flexible, and scalable clusters for enterprise computing, supporting both commercial and custom applications.

Figure 1. The Sun Enterprise server family

Supported Configurations and Key Features

Sun Cluster supports up to four nodes in a cluster, up from two nodes in earlier Sun products. Customers can mix and match any four servers from Sun’s broad server line, including some earlier generation servers (see Figure 1).

Category Supported Systems Server options • Sun Enterprise 2, 250, 220R, 420R, and 450 servers • Sun Enterprise 3500˘6500 (3000˘6000 servers are also supported) • Sun Enterprise 10000 server • Netra^{TM} t1 server • Netra t 1120/1125 and 1400/1405 servers Storage options • Sun StorEdge^{TM} MultiPack system • Sun StorEdge D1000, A1000, A3500, A3500- Light, A3500FC, and A5X00 arrays • Netra st A1000/D1000 and Netra st D130 storage systems

Category Supported Systems

Cluster interconnect options • SunFastEthernet_{TM} product at 100 Mb/second, Gigabit Ethernet at 20

MB per second, or scalable coherent interface (SCI in SBus or PCI) at

50 MB per second. For more than two nodes, either SCI switch or

Ethernet hubs is required

High- availability agents • Standard Oracle and Informix

• SAP R/3, Lotus Domino, Tivoli, and NetBackup

• Netscape_{TM} Directory Server (LDAP), Netscape Enterprise Server, and iPlanet_{TM} Web Server

Parallel databases supported • Oracle Parallel Server (OPS)

• DB2 EEE (sold and supported by IBM)

• Informix XPS RDBMS

High- availability agents available through third parties • HA DB2 EE (sold and supported by IBM)

• HA Sybase and HA BEA Tuxedo

Solaris Operating

Environment • Solaris 2.6

• Solaris 7

• Solaris 8

Volume manager and file systems • VERITAS Volume Manager (VxVM) software, Solstice DiskSuite

(SDS) software, and VxVM Cluster Functionality (formerly CVM)

(for OPS)

• UFS and VERITAS File System (VxFS)

Key features • Cluster up to four nodes including Sun Enterprise 10000 domains

• Highly available standard and parallel applications on the same node

• Local application restart

• Individual application failover

• Cascading failover

• Local LAN adapter failover

• Network failover for Ethernet, FDDI, token ring, and ATM

• Rolling standard application upgrade

• Dynamic addition and removal of nodes

• Dynamic addition of disk arrays and disks

• Dynamic addition of new IP aliases and new applications

• L10N Support (As of 7/00)

− Localized documents in Japanese, Korean, and French

− Localized Software UI messages in Japanese, Korean, and French

• Availability of online AnswerBook on Sun Cluster 2.2 7/00 CD

• Year- 2000 compliant

Key Messages: Clustering for Availability, Scalability, and Flexibility

Sun Cluster for Availability

Sun Cluster offers two levels of availability, each of which can survive a single point of failure of any hardware or software component in the cluster.

• Standard application availability

For standard applications, Sun Cluster provides automatic fault detection and recovery to restore application availability within minutes of service disruption. All current users of the application are impacted during the restart or failover period.

High- availability agents which enable common commercial applications to make use of the Sun

Cluster platform are available from Sun and third parties. These agents have been tested on Sun clusters (by Sun or the third party) and they significantly reduce the time required to deploy a clustered solution.

− High- availability agents currently available from Sun include

− NFS (bundled with Sun Cluster software)

− Netscape_{TM} Directory Server (LDAP), iPlanet Web Server, Tivoli, Lotus Notes, DNS, and

VERITAS NetBackup

− SAP R/3

− Standard RDBMS: Informix, and Oracle

− High- availability agents currently available from third parties include

− Sybase, Tuxedo (BEA), and DB2 (EE) from IBM

• Parallel application availability

For parallel applications, Sun Cluster provides continuous availability of the application through the surviving nodes in the event of a node failure˙ only clients connected to the node on which the failure occurs are impacted. For example, in a four- node cluster running a parallel application, and assuming equal distribution of clients across all nodes, only 25 percent of the clients are impacted in the event of a failure. The other 75 percent of the clients are unaffected.

Clients connected to the node on which the failure occurs must reconnect to one of the surviving nodes˙ reconnect can be manual or automatic. The client application can be written to automatically reconnect to any surviving node in the cluster, or a TP monitor, such as Tuxedo, could be used. An example of a parallel, high- availability commercial application is Oracle OPS.

− Parallel database applications currently supported on Sun Cluster

− Oracle Parallel Server (OPS)

− DB2 (EEE) (sold and supported by IBM)

Sun Cluster for Scalability

Sun Cluster offers a scalable platform for commercially available parallel databases and custom parallel applications. Up to four Sun Enterprise 2, 220R, 420R, 250, 450, 3500˘ 6500, or 10000 servers, as well as previous generation Sun Enterprise 3000˘ 6000 servers, can be clustered together to apply the computing power of many servers to a single application with access to a partitioned or single shared database. Oracle OPS and IBM DB2 are examples of commercially available parallel RDBMS.

Figure 2. Logical view of a two- node Sun Cluster server running OPS

Sun Cluster provides these scalability benefits:

• Supports large databases and user communities

By combining the raw power of multiple Sun servers, Sun Cluster can support databases up to several terabytes in size and user communities numbering in the thousands˙ capacities that exceed the capability of a single node. The capacity of these clusters provides an ideal platform for demanding

OLTP, e- commerce, data- warehousing, and decision- support applications.

• Increases database throughput

Using parallel database processing, Sun Cluster delivers scalability above and beyond what can be achieved with a single server. The Sun Cluster architecture is scalable from two UltraSPARC_{TM} processors with a two- node Sun Enterprise 2 cluster to 256 UltraSPARC processors with a four- node

Sun Enterprise 10000 cluster (64 CPUs per physical server). The benefits of this highly scalable solution can be utilized by any parallel application.

• Simplifies system administration

Enterprise computing is becoming increasingly complex, with multiple applications, servers, and databases. Clustering with fat servers from Sun allows customers to consolidate and bring order to their environment, simplifying administration and reducing overhead costs.

Sun Cluster for Flexibility

Sun Cluster is one of the most flexible clustering solutions in the industry today. Sun has invested an enormous amount of time in testing to help ensure that all the various cluster components work together easily. Customers have a choice of

• Servers

All current- generation Sun Enterprise servers and Netra t telecommunications servers can be clustered together, as well as previous- generation Sun Enterprise 3000˘ 6000 servers˙ protecting the customer’s investment in Sun products. With the Sun Enterprise 10000 server, customers have the additional flexibility of clustering domains within the same physical Sun Enterprise 10000 server, across multiple

Sun Enterprise 10000 servers, or across a Sun Enterprise 10000 server and another physical server (for example, across a Sun Enterprise 10000 server and a Sun Enterprise 3500 server).

• Storage subsystems

Sun allows a wide selection of Sun storage products to be integrated into the cluster with a corresponding choice of host- to- disk links, from fast/wide SCSI to ultra differential SCSI to FC- AL.

• Cluster interconnect technology

Customers have a choice of SCI, Gigabit Ethernet, or Fast Ethernet for the private cluster communications network. SCI is recommended for parallel applications and Ethernet for standard applications. Gigabit Ethernet is applicable to either parallel or standard applications.

• Standard and parallel applications on the same cluster

The flexible Sun Cluster architecture allows both standard and parallel applications to coexist on the same cluster node, allowing consolidation of computing resources into a few fat nodes for manageability as well as flexibility.

Sun Cluster Target Customers

Sun Cluster is a horizontal solution that is required in any enterprise where the availability of enterprise data and information is critical˙ in today’s global business environment, this is every enterprise. The best candidates for Sun Cluster are customers who • Run applications which must be up and available at all times and to whom the unavailability of applications or critical data is costly in terms of lost business, productivity, and competitiveness • Run OLTP, e- commerce, web serving, or DSS- type applications • Run database and other business- critical applications in a single- node environment (manufacturing, finance, and so on) and are concerned about server, database, and application availability • Run Oracle or Informix RDBMS on a single node and are running out of capacity, but want to leverage their existing investments towards a more powerful, more scalable solution • Do not currently use parallel databases, but have expressed interest in such products • Run third- party clustering solutions on Sun servers • Run competing clustering solutions and want to switch to Sun servers and clusters

Sun Cluster Key Differentiators

Sun Cluster is built with some of the best building blocks in the industry. • Servers with comprehensive RAS features

Sun Cluster is built with one of the most highly available servers in the industry. This translates to increased uptime since these servers do not frequently fail. Sun server RAS features are

− Reliability − Parity checking across all data and control lines, ECC memory, and environmental sensing and management − Availability − Journal file system, automatic system recovery, dynamic reconfigure around failed modules, graceful shutdown, N+1 power and cooling, uninterruptable power supplies (thirdparty option) − Serviceability − Visual failed- component identification, 24 x 7 support, and pluggable FRUs to speed up mean time to repair (MTTR) − Dynamic

reconfiguration

− Automatic reboot and reconfigure around failed components (Sun Enterprise 10000 server)

• Wide storage- product line

The following highly available storage products are supported in Sun Cluster − Sun StorEdge MultiPack system − Sun StorEdge A1000/D1000 arrays − Netra st D1000/A1000 arrays − Netra st D130 array − Sun StorEdge A3500, A3500FC, and A3500- Light arrays − Sun StorEdge A5X00 arrays • Flexible cluster interconnect using industry- standard interconnect technology − Fast Ethernet: 100 Mb/second for standard high- availability applications and campus- wide clustering (up to 2 km between nodes) − Gigabit Ethernet (available in SBus or PCI): Up to 20 MB/second, for clustering more than two nodes − SCI (available in SBus or PCI): Up to 50 MB/second, for parallel applications with heavy internode traffic and for clustering more than two nodes • Campus- wide cluster

Sun allows clustered nodes to be up to ten kilometers apart (this will be true using Sun StorEdge A5X00 array). This option is available to customers who want to protect against a disaster in one of their buildings, such as a power outage, flood, fire, and so on. Sun Professional Services must be contacted to plan and implement this solution.

• Single point of administration

The Sun Cluster manager supports a comprehensive graphical user interface to view and manage the entire cluster. The Sun Cluster manager monitors the status of cluster membership of a node, logical hosts, HA and parallel data services, interconnects, and public network interfaces. It can run remotely as a standalone application or as an applet within a Java^{TM} technology- compliant browser.

• Fault- resilient distributed lock manager (Oracle Parallel Server only) The distributed lock manager (DLM) coordinates concurrent access to the database and manages contention and lock recovery. Sun adopted Oracle’s highly available, user- level, multithreaded, XAcompliant UNIX DLM that offers high- performance parallel processing. In addition, the DLM resides on each node; should one node fail, the DLM residing on the surviving node(s) will continue to operate, providing high availability.

• High- performance, low- latency, physically redundant interconnect − SCI

A fully redundant, high- performance, private internode communication mechanism based on SCI technology enables node- to- node packet delivery and provides for failover and recovery should a single component fail. SCI provides a high- performance, low- latency link, and it is available as an SBus adapter or a PCI adapter. Data rate is dependent on transferred block sizes. For SBus, it is about 10 MB/second, and for PCI, it is about 50 MB/second.

Two controllers per node are required to establish redundant private links to each node of the cluster. This eliminates the controller as a single point of failure.

− Gigabit Ethernet

The high- speed, low- latency Gigabit Ethernet can also be used for the cluster’s private network. This is recommended network for both parallel and standard high- availability applications. Data rate is dependent on transferred block sizes. For SBus and PCI, it is about 20 MB/second. Two controllers per node are required to establish redundant private links to each node of the cluster. This eliminates the controller as a single point of failure.

− Ethernet

The high- speed, low- latency, 100- Mb/second SunFastEthernet product can also be used for the cluster’s private network. This is the recommended network for standard high- availability applications, since the internode traffic is low compared with parallel applications. Two controllers per node are required to establish redundant private links to each node of the cluster. This eliminates the controller as a single point of failure.

• Highly available disk subsystem

Sun Cluster offers support for Sun’s entire line of robust disk products. These dual and multihosted (Sun StorEdge A5X00 array) storage products have high- availability features such as hardware or software RAID, hot- pluggable disks, hot sparing, redundant power supply and cooling, and on- line maintenance.

• VxVM Cluster Functionality (formerly Cluster volume manager) (OPS Only) The VxVM Cluster Functionality (formerly cluster volume manager) was designed in order for Sun Cluster to support Oracle Parallel Server RDBMS. The VxVM Cluster Functionality supports shared concurrent access to the database and distributed mirrors to maintain data integrity across the cluster. The VxVM Cluster Functionality supports software RAID 0 and RAID 1, and also features a graphical user interface for disk management. The VxVM Cluster Functionality supports dirty region logging (DRL), which dramatically reduces the time required to recover a storage subsystem when a failure occurs. It also supports hot sparing and dynamic volume reconfiguration, increasing the availability of the disk subsystem.

Note: Starting with VxVM 3.0.x, the functionality provided by Cluster Volume Manager (CVM) has been integrated into the base VxVM product as a feature called the VxVM Cluster Functionality. Thus, CVM will no longer ship on a separate CD. An RTU license and a license key are required to enable the VxVM Cluster Functionality.

• Choice of volume managers

− Solstice DiskSuite (SDS) software

Solstice DiskSuite software supports Solaris 2.6, 7, and 8 Operating Environments and offers the following powerful features in one integrated solution: Disk mirroring and RAID 5, a hot- spare facility provides for automatic online recovery, UNIX logging, disk striping, support for alternate pathing, a performance monitor, and a GUI- based management tool.

− Sun Cluster provides choice in selecting volume managers:

VERITAS Volume Manager (VxVM) software is used for all applications except OPS. VxVM software supports RAID 0, RAID 1, RAID 5 and other high- availability features such as dirty region logging (DRL), hot relocation, disk mirroring, and failover. Not all of Sun’s storage products support the full VxVM feature set. VxVM supports Solaris 2.6, 7 and 8 Operating Environments.

• Solaris Operating Environment

The Solaris Operating Environment is one of the most robust UNIX operating systems in the industry. Solaris provides a reliable and mature operating environment on which Sun Cluster software is layered, providing a very robust cluster foundation for enterprise- wide, high- availability applications.

• Sun Cluster software

Sun Cluster software is the enabling software technology that makes standard and parallel applications highly available on the Sun Cluster platform. This software is responsible for monitoring the health of the cluster. When faults are identified, the software makes intelligent decisions, such as fault localization, application restart or migration, and cluster resource management, in order to minimize the impact on end- users.

This technology was developed by Sun and is continuously being enhanced to address the needs of the enterprise. It is tightly integrated with the Solaris Operating Environment and Sun’s server and storage products, resulting in one of the most robust clustering solutions in the industry today.

• ISV strategic alliances

Sun has strategic relationships with Informix, Oracle, Sybase, Netscape, SAP R/3, BEA, and VERITAS.

• Heterogeneous cluster configurations

Sun Cluster supports heterogeneous server configurations; dissimilar enterprise servers may be mixed with other enterprise servers based on SuperSPARC^{TM} and UltraSPARC processor technologies. Likewise, dissimilar workgroup servers may be mixed with other workgroup servers based on SuperSPARC and UltraSPARC technologies. This flexibility allows customers to easily migrate their existing servers into cluster configurations.

Note: For standard and parallel applications it is recommended that the computing capacity allocated to the application be the same on each node of the cluster.

Selling Highlights

Target Applications

The Sun^{TM} Cluster product is applicable to all vertical market segments. All existing applications currently running on single nodes can take advantage of the high- availability benefit of the cluster architecture. Standard and parallel applications that are well- suited for the Sun Cluster environment include the following: • OLTP with partitioned data • OLTP with random access to a large database • Departmentalized applications • Data warehousing and decision scale up and speed up

OLTP with Partitioned Data These applications generally update disjointed sets of data, such as in a financial organization in which departments access their own accounts and occasionally access accounts from other departments. For parallel applications, a single consolidated database may be used with logical partitions. For standard applications, the database may be physically partitioned and dedicated to individual applications. In the case of standard applications, a TP monitor may be required to handle communications between the various applications in the cluster.

Figure 3. Examples of OLTP applications with partitioned data running on a four- node Sun Cluster

OLTP with Random Access to a Large Database These applications exhibit random patterns of access to a database significantly larger than the memory caches of the instances accessing the data. Individual records accessed by one node are unlikely to be accessed from other nodes at the same time.

These types of applications are well- suited for OPS when performance and capacity requirements exceed the capability of a single server. If performance and capacity requirements are within the limits of a single server, any standard RDBMS will do.

Departmentalized Applications

These applications primarily modify their own data sets. As a result, any standard, highly available

RDBMS could be used for each application, or the databases could be consolidated and a highly available parallel RDBMS solution implemented.

Figure 4. Departmentalized applications running on a three- node Sun Cluster

Data Warehousing and Decision Scale Up and Speed Up

These applications are read- intensive, with users usually retrieving information from a large, static database. Updates are infrequent. Queries are complex and availability is not a critical concern, but performance and capacity are.

The Sun Cluster server aggregates the capacity of multiple server nodes to allow support for a large user community and very large databases. The enhanced feature of the underlying database are Oracle’s distributed parallel query, which increases parallelism, making data retrieval from the static database fast and efficient.

Figure 5. Data- warehouse applications running on a two- node Sun Cluster

System Architecture

Sun^{TM} Cluster Hardware Architecture

Figure 6. Sun Cluster with two nodes˙ hardware view Sun^{TM} Cluster was carefully designed to support a high- availability, large- capacity a

• Server nodes

− Sun Enterprise^{TM} 2, Sun Enterprise 220R, Sun Enterprise 420R, Sun Enterprise 250, Sun Enterprise 450, Netra^{TM} t1, Netra t 1120/1125, Netra t 1400/1405, Sun Enterprise 3500˘ 6500, Sun Enterprise 3000˘ 6000, and Sun Enterprise 10000 servers − Solaris^{TM} 2.6, 7, or 8 Operating Environment • Private connections among cluster nodes • Connections to storage subsystem • Terminal concentrator • L10N support starting with Sun Cluster 2.2, 7/00

− Documents are available on Sun Cluster 2.2 CD via online AnswerBook^{TM} software (hardcopy doc set will continue to be available as a separately orderable item) − Localized documents available in Japanese, Korean and French (Please seen Sun Cluster 2.2 7/00 Product Intro for a list of documents that have been localized into Japanese, Korean and French) − Localized Software UI messages are also available • Sun Cluster manager and Solaris Operating Environment (version 2.6 or later) for the workstation • Sun Cluster software license˙ one for each physical node); in the case of Sun Enterprise 10000 server, customers buy one license per physical server and are entitled to as many licenses as domains in the server • Application and application agent license (one for each node)

• Disk subsystem

• SunService_{SM} start- up package and SunSpectrum Platinum_{SM} or SunSpectrum Gold_{SM} contract

Figure 7. Sun Cluster building blocks

Disk Storage Subsystem

The use of a high- availability Sun disk subsystem is a prerequisite to overall cluster availability. The

Sun Cluster server utilizes the Sun storage products which have numerous high- availability features.

Disk mirroring and RAID 1, 0+1, and 5, effectively remove any single point of failure in the disk subsystem. The trade- off between mirroring and different levels of RAID is one of performance versus cost. Customers should consult with a Sun technical support specialist to make the right decision for their environments.

Cluster Private Network

A reliable communication channel is crucial to the overall cluster availability for transmitting important cluster- wide messages among the cluster nodes. Sun Cluster uses fully redundant, high- performance links to enable node- to- node packet delivery and provide failover should one component fail.

• SCI, a widely accepted ANSI/IEEE standard, is recommended for all parallel applications.

• Gigabit Ethernet is recommended for both standard applications and parallel applications.

• Ethernet is recommended for standard applications since internode cluster traffic is limited mainly to cluster heartbeat and status messages.

Used strictly for private node- to- node communication, Sun’s internode implementation has the following advantages:

Feature Ethernet Gigabit Ethernet

(SBus and PCI) SCI SBus SCI PCI

High bandwidth ¯ 100 Mb/sec. ¯ 20 MB/sec. ¯ 10 MB/sec. ¯ 50 MB/sec.

Low latency ¯ 200 ms ¯ 60 ms ¯ 200 ms ¯ 70 ms

Media ¯ Copper or fiber ¯ Fiber ¯ Copper ¯ Copper

Internode distance ¯ 100 meters nodeto- node (copper)

¯ 2 km (fiber) contact Sun

Professional

Services

¯ Varies from 220 to 550 meters, depending on the diameter of the fiber

¯ 10 meters, node- to- node ¯ 7.5 meters, node- to- node

More than two nodes ¯ Redundant hubs required

(customer to procure)

¯ Redundant hubs required

(customer to procure)

¯ Redundant SCI switches required

(Sun product) ¯ Redundant SCI switches required

(Sun product)

Fault resilience ¯ Yes ¯ Yes ¯ Yes ¯ Yes

Detection of and recovery from node and interconnection media failure

¯ Yes ¯ Yes ¯ Yes ¯ Yes

Failure and recovery transparent to end users ¯ Yes ¯ Yes ¯ Yes ¯ Yes

Reliability, Availability, and Serviceability (RAS)

As a provider of highly available and scalable computing solutions, Sun offers single- node solutions with excellent reliability, availability, and serviceability (RAS) features. With outstanding TPC- C and

TPC- D price/performance benchmarks and rich product features, Sun servers provide a robust, highperformance, and scalable alternative to Microsoft Windows NT clusters, and a cost- effective and scalable alternative to traditional proprietary mainframes and fault- tolerant systems.

Sun_{TM} Cluster servers extend the high availability and scalability benefits of existing Sun single- server solutions.

Availability

To provide high availability, all disks must be mirrored, or must use RAID 0+1 or 5 (software RAID 5 is not supported with OPS) in the Sun Cluster environment. If an internal boot disk is used, it is highly recommended that it be mirrored.

Note: Sun Cluster can be booted from a dual- hosted Sun StorEdge_{TM} MultiPack system, eliminating the need for an internal disk in the configuration. For Sun StorEdge A3500 and A5X00 arrays, a boot disk is required in the servers and it is recommended that these disks be mirrored.

• Mirror

When one disk array is powered down for maintenance or repair, the mirrored array continues to provide the data service. On- line maintenance can be performed without shutting down the hosts, since, in the case of fiber connections, the entire disk array is electrically isolated from the hosts and, in the case of copper SCSI connections, the bus can be acquiesced. When the repaired array is brought up again, data is automatically resynchronized across the mirrors.

• RAID

For a RAID storage device, on- line maintenance can proceed on the array without powering it off.

Once the failed disk is replaced, the replacement disk is automatically integrated back into the storage subsystem.

Sun Storage Products High- Availability Features

Feature/Benefit Sun

StorEdge

MultiPack Sun StorEdge

D1000 Sun StorEdge

A1000 Sun StorEdge

A3500 Sun StorEdge

A5X00

Disk striping (RAID 0)

¯ Improves I/O throughput Yes Yes Yes Yes Yes

Disk mirroring (RAID 1)

¯ Increases overall data availability Yes Yes Yes Yes Yes

Disk mirroring (RAID 0+1)

¯ Increases overall data availability and I/O throughput Yes Yes Yes Yes Yes

Disk striping/parity (RAID 5)

¯ Increases overall data availability without requirement of doubling disk capacity No Yes Yes Yes Yes

Feature/Benefit Sun

StorEdge

MultiPack Sun StorEdge

D1000 Sun StorEdge

A1000 Sun StorEdge

A3500 Sun StorEdge

A5X00

Hardware/software RAID

¯ Performance (depends on the capacity of the hardware RAID controller and, in the case of software RAID, the server capacity dedicated to this function)

Software Software Hardware or software Hardware or software Software

On- line replaceable components

¯ Replaces failed disks without downtime Yes Yes Yes Yes Yes

Pluggable components

¯ Speeds up mean time to repair (MTTR) Yes Yes Yes Yes Yes

On- line storage management with Sun Cluster manager

¯ Simplifies component replacement

Yes Yes Yes Yes Yes

Redundant power and cooling

¯ Enhances disk subsystem availability No Yes Yes Yes Yes

GUI- based administration

¯ Easy to use; minimizes training costs Yes Yes Yes Yes Yes

Fiber host attachment

¯ Enables remote host- to- disk connection spans up to two kilometers

No; SCSI connection No; SCSI connection No; SCSI connection No; SCSI connection Yes˙ limited initially to

500 meters

Small footprint

¯ Supports high storage density

¯ Provides better use of available floor space

Yes Yes Yes Yes Yes

Sun Cluster offers these availability benefits:

• Provides standard and parallel application availability

Customers can make their applications highly available and scalable by running them on the Sun

Enterprise clustering environment. ISVs and customers can use the published Cluster APIs, which is available from Sun, to make their applications highly available.

Sun bundles the HA- NFS application agent with Sun Cluster software. Agents for SAP R/3, Lotus

Notes, Tivoli, Netscape_{TM} Directory Server (LDAP), Netscape Enterprise Server, iPlanet Web Server, and NetBackup are also offered. Sun is currently increasing the number of application HA agents offered, since this significantly reduces the deployment time and cost of clustered solutions to customers.

• Provides standard and parallel database availability

For customers using standard RDBMS (Informix, Oracle, Sybase, or DB2, for example) or parallel

RDBMS (Oracle Parallel Server or DB2, for example), Sun Cluster provides a platform that allows the database to be highly available in the event of hardware, software, or network failure.

• Helps maximizes system availability and minimize costs

Sun Cluster provides automatic fault detection and recovery from any single failure (hardware, software, network) in the cluster. With recovery time measured in mere minutes, Sun Cluster minimizes the costs associated with downtime, while providing benefits once possible only with expensive fault- tolerant machines. As a result, customers are replacing their mainframes and faulttolerant machines with Sun’s clustered solutions.

• Virtually eliminates single points of failure

By helping to eliminate single points of failure, Sun Cluster provides a highly available, fault- resilient platform ideal for enterprise- wide business critical computing.

All on- line field- replaceable units (FRUs) in the cluster configuration can be serviced without bringing the cluster down. The node(s) of the cluster that are not being serviced continue to be available to clients; the applications running on the cluster also continue to be available.

• Preserves and maximizes customer investment in servers, storage, and software

Sun’s server solutions provide an object- code- compatible growth path which allows applications to run unmodified on all Sun servers and clusters. Existing single- server customers can establish a Sun

Cluster by integrating their existing Sun servers and storage products into the cluster. Investments in existing servers and storage are fully preserved.

• Accommodates growing needs

Migration from a single node to a cluster configuration allows existing single- node customers the flexibility to grow their computing resources as their needs grow, while protecting their investments in

Sun’s products. It is easy to add more processing power, memory, disks, networks, or entire nodes to the cluster.

Sun Cluster 2.2 Feature Summary

Feature Sun Cluster 2.2

Maximum number of nodes in cluster ¯ Four

Supported servers ¯ Sun Enterprise_{TM} 2, 220R, 420R, 250, 450, 3500˘4500,

3000˘ 6000, and 10000

¯ Netra_{TM} t 1, Netra t 1120/1125, and Netra t 1400/1405

Ability to mix all nodes in cluster ¯ Yes, within the same product family. (For example, the Sun

Enterprise 250 server can be clustered with the Sun

Enterprise 450 server, but not with the Sun Enterprise 3500 server; supported storage limits some of these configurations)

Hot standby nodes ¯ Yes, asymmetric or symmetric

Supported clustering software ¯ Sun Cluster 2.2 (including updates)

Supported Solaris_{TM} Operating Environment release ¯ 2.6 ¯ 7 ¯ 8 Supported file systems ¯ VxFS and UFS

Centralized administration ¯ Yes, with Sun Cluster manager

Administrative interface ¯ GUI

Volume management ¯ VERITAS Volume Manager software

¯ Solstice DiskSuite_{TM} software

¯ Cluster volume manager (required for Oracle Parallel Server and bundled with the Sun Cluster OPS license)

Shared data ¯ Yes, raw and files

Shared disk ¯ Yes

Feature Sun Cluster 2.2

Cluster interconnect ¯ SCI (SBus or PCI), Gigabit Ethernet (SBus or PCI), or

SunFastEthernet_{TM}

Failure detection and recovery ¯ Automatic database and application failure detection and recovery

HA agents ¯ Standard Oracle, Informix, and Sybase, SAP R/3, NFS,

Netscape Directory Server (LDAP), iPlanet_{TM} Web Server,

Netscape Enterprise Server, Lotus Domino, and Tivoli

¯ Tuxedo from BEA, DB2 EE from IBM

Parallel databases supported ¯ Oracle OPS

¯ DB2 EEE from IBM

¯ Informix XPS

X/Open_® XA compliance ¯ Yes

Shared access to database ¯ Oracle OPS database is dynamically shared between nodes

Database availability upon failure ¯ Standard RDBMS

− Oracle, Informix, and Sybase fails over to the backup node

¯ Parallel RDBMS

− Oracle OPS database remains accessible via the remaining node(s) of the cluster

− Informix database is not available upon failure

Recovery ¯ Crash recovery

¯ Oracle Parallel Server: lock recovery only, no need to rebuild database

Application failover ¯ Automatic (Oracle, Sybase, Informix, NFS, SAP R/3,

Netscape/iPlanet, Lotus Domino, and Tivoli)

Performance scalable across cluster ¯ Yes

Target applications ¯ Standard Oracle, Sybase, Informix, SAP R/3, NFS, Lotus

Notes, Tivoli, and Netscape applications that are required to be highly available

¯ Parallel Oracle applications that require high availability and scalability

¯ Parallel Informix applications that require scalability

L10N Support (as of Sun Cluster 2.2, 7/00

Release) ¯ Localized documents in Japanese, Korean and French (See

Sun Cluster 2.2, 7/00 Product Intro for a list of documents that have been localized)

¯ Localized Software UI messages

Online AnswerBook ¯ Availability of online AnswerBook (as of Sun Cluster 2.2,

7/00 Release)

Year- 2000 compliance ¯ Yes

Benefits ¯ Higher availability, faster recovery, and performance scalability across cluster nodes

Requirements and Configuration

System Requirements

Sun_{TM} Cluster 2.2 software requires Solaris_{TM} 2.6, 7, or 8 Operating Environment.

Licensing

The following table summarizes the licenses required for Sun Cluster.

License Number of Required Licenses

Solaris 2.6, 7, or 8 Operating Environment ¯ One for each node (one media kit per cluster)

¯ One workstation license for cluster management console

Sun Cluster software ¯ One for each node

VERITAS Volume Manager ¯ One for each node; VxVM is bundled with Sun Cluster software and does not have to be purchased separately

VxVM Cluster Functionality ¯ One for each node; VxVM Cluster Functionality RTU license is bundled with Oracle Parallel Server Agent RTU license

Application agent ¯ One for each node (NFS agent is bundled with cluster software)

Application ¯ Contact application vendor for licensing information

Optional transaction monitor:

− Tuxedo ¯ Contact the transaction monitor vendor for licensing information

Note: The licensing and pricing methodology for various application vendors may differ.

System Management

Sun_{TM} Cluster Software Components

Sun_{TM} Cluster software is the enabling technology that makes standard and parallel applications highly available on the Sun Cluster platform. It handles all fault management, including fault detection, fault isolation, and intelligent recovery. As a fully distributed program, Sun Cluster software is highly available. The software is composed of the following elements:

• Distributed lock manager (DLM), Oracle OPS only

• VxVM Cluster Functionality (formerly CVM), Oracle OPS only

• VERITAS Volume Manager (VxVM) or Solstice DiskSuite_{TM} (SDS) software, all standard applications

• Fault management and recovery software, cluster membership monitor (CMM) and cluster connectivity manager (CCM)

• Cluster management software

Figure 8. Sun Cluster software components

Distributed Lock Manager (DLM)˙ Oracle OPS Only

• Functionality

The distributed lock manager (DLM) manages concurrent access to the Oracle database, granting and releasing locks when required, and handling lock recovery for cluster faults. The DLM works with the

Oracle processes to support non- blocking reads and low- level locking for writes. It is aware of the transaction isolation (parallel cache management) and concurrence control techniques used by the

Oracle Parallel Server (OPS) to maintain data integrity under the shared disk model.

• Implementation

Sun uses Oracle’s generic UNIX^® DLM. Implemented as a user- level process, the Oracle UNIX DLM is highly integrated with, and optimized for, the Oracle RDBMS.

• Communication

The DLM is a distributed program. Each node has its own copy of the DLM, and the copies communicate with each other between nodes across the high- performance interconnect managed by the CCM.

• Failure recovery

The DLM can dynamically reconfigure itself if a cluster node fails. The DLM maintains user access to the database through the surviving node during the reconfiguration. The DLM keeps a "master" copy of its own locks and a "slave" copy of the locks of the other node(s). In the event of a node failure, the DLM on the surviving node(s) incrementally recovers the failed node’s locks.

Figure 9. Highly available distributed lock manager˙ a two- node example

• Multithreaded

The UNIX DLM is multithreaded and supports lock requests from multiple Oracle processes. This feature improves the overall throughput of the DLM, resulting in better scalability of the user application.

• DLM batching

The Oracle UNIX DLM is also capable of communicating TCP requests through batch mode, which serves to avoid performance degradation due to network overhead. In batch mode, the DLM monitors request activity. Once a certain level of request activity is reached, the DLM begins to batch multiple TCP requests across the network.

• XA compliance

The Oracle UNIX DLM is compliant with X/Open^® XA, which allows support for distributed transactions commonly used by transaction monitors. To support the XA standard, the Oracle DLM supports group- based locking, which allows locks to be owned by multiple processes.

• Persistent resources/DBA locking

The Oracle UNIX DLM enables Oracle Parallel Server to use fine- grain locking where locks are allocated dynamically, thereby reducing the memory requirement of the DLM.

• Distributed deadlock detection

The Oracle UNIX DLM performs distributed deadlock detection that removes the bottleneck of mastering all deadlock- able resources on one node.

• Logical clock- based system commit number (SCN) Oracle uses a system commit number (SCN) to keep track of the commit ordering of transactions. This number must be monotonically increased across the cluster. The Oracle DLM uses a concept of logical cluster- wide clock and construct SCN from the logical clock value. This implementation is even more efficient than the previous "fetch and increment" semantics used by the Sun DLM.

• Lock caching

The Oracle UNIX DLM utilizes lock caching, which minimizes the overhead in acquiring and freeing the same locks in shared mode by Oracle. This access pattern occurs for table locks in Oracle and makes the overhead of using non- zero values of dml_locks negligible.

VxVM Cluster Functionality (Formerly CVM)˙ Oracle OPS Only

Specially developed to run Oracle Parallel Server on Sun Cluster, the VxVM Cluster Functionality

(starting with VxVM 3.0.x) is now one of features of standard VERITAS Volume Manager software that ships with the SPARCstorage_{TM} Array or is purchased from Sun. The VxVM Cluster Functionality is enhanced to support the distributed mirroring and shared disk access necessary in a shared- storage clustered environment, such as OPS. Customers who plan on running OPS must use the VxVM Cluster

Functionality. The VxVM Cluster Functionality bits are delivered on the VxVM CD, and a separate license key is required to unlock the VxVM Cluster Functionality.

The VxVM Cluster Functionality supports the following features:

• RAID 0 (disk striping) and RAID 1 (disk mirroring)

• Distributed mirroring capability

All cluster nodes see a consistent mirror state for the shared storage

• Shared, concurrent access to the physical disks across multiple cluster nodes

• Automatic data resynchronization

Automatic data resynchronization improves the overall data availability in a cluster by automatically replacing a failed disk and rapidly restoring a fully mirrored disk environment

• GUI based logical volume management

• Dirty region logging (DRL)

In solutions without DRL, a node failure requires resynchronization of the entire mass storage in order to guarantee the consistency of the mirrored volumes. This limitation forces a very lengthy recovery process to return the failed node to the cluster and consumes precious resources of the surviving node. By supporting dirty region logging, Sun Cluster removes this limitation.

With DRL, updates to the mirror are logged in the dirty region log, which is visible as another specialpurpose plex associated with each volume. Whenever a mass storage recovery operation is necessary, (for example, when a SPARCstorage Array or server node is offline due to failure, upgrade, expansion or repairs) the resynchronization process checks the DRL and recovers only those regions that have been updated since the failure. Support for DRL significantly improves volume recovery times, in some cases reducing it from hours to minutes.

• Dynamic volume reconfiguration

In some competing clustering solutions, a volume configuration operation cannot be performed with all nodes running in the cluster. Such an operation can be accomplished only by removing one node from the cluster configuration and carrying out the configuration operation on the remaining node(s).

Sun Cluster does not have this limitation. It allows dynamic volume configuration operations with all nodes in the cluster.

• Cluster join with resynchronization

In competing solutions, a node cannot join the cluster configuration while volume recovery is being performed. This situation typically occurs when a node is forcibly removed from the cluster by an abort or panic, triggering volume recovery on the surviving node. With support for DRL, volumes can join the cluster after a very brief DRL map recovery without having to wait for volume data recovery.

• Cluster- wide statistics

Cluster- wide statistics are maintained, which provide statistical information on disk I/O read/write activity. This information can be used to make intelligent load- balancing decisions.

• Hot relocation

Sun Cluster supports hot relocation and sparing, which allows data redundancy to be restored automatically to the mirrored volume upon disk failure. One or more disks can be designated as "hot spares" without a disk group. As disk failure occurs, the volume manager will look for the closest hotspare disk. The hot- spare disk replaces the failed disk and inherits the object from the failed disk. This provides more time for system administrators to repair the failed disk without compromising system availability.

• Global state maintenance

Sun Cluster supports global state maintenance. This information is required for optimal recovery of volumes after a node failure, and enables faster cluster reconfiguration.

Solstice DiskSuite (SDS) Software

Solstice DiskSuite software is bundled with each copy of the Sun Cluster product. Highlighted features are

• Hot spares

• RAID 0, RAID 1, and RAID 5

• UNIX logging

• Alternate pathing support

• A GUI- based volume management tool

• Performance monitor

• Supports Solaris 2.6, 7, and 8 Operating Environments

VERITAS Volume Manager (VxVM) Software

VERITAS Volume Manager (VxVM) software (formerly known as Sun StorEdge_{TM} Volume Manager software) is bundled with each copy of Sun Cluster software. Highlighted features are

• Dirty region logging (DRL)

• Hot spares

• RAID 0, RAID 1, and RAID 5

• VxVM Cluster Functionality (formerly CVM)

− A separate license key is required to unlock this feature

• VxVM Storage Administrator, a GUI- based visual administrator

Fault Management and Recovery Software

The cluster membership monitor and the cluster connectivity manager software components work together to detect hardware, software, and network failures automatically.

When a failure occurs, these components reconfigure the cluster to restore availability, affecting all cluster services, including the DLM, VxVM Cluster Functionality (formerly CVM), VxVM, and node interconnections. Cluster reconfiguration occurs very quickly, typically within minutes. The fault management and recovery software fully preserves data integrity, without operator intervention.

• Cluster membership monitor (CMM)

The CMM software continuously monitors all critical cluster resources, providing status information to the cluster management console. When the CMM software detects a failure, the CMM invokes the reconfiguration protocol to isolate the failed element at the node or disk subsystem level, and creates a new logical cluster.

− Upon node failure, a new logical cluster is established without the failed node.

− Upon disk failure, recovery is transparently handled by the volume manager (VxVM Cluster

Functionality or VxVM), but the CMM is notified of the event and can implement responses, such as notifying the cluster monitor software of the replacement.

Figure 10. Internode communication

• Cluster connectivity manager (CCM)

The CCM provides a highly available private network to the cluster. It uses a TCP/IP protocol that runs over the redundant Ethernet, Gigabit Ethernet or SCI links. Implemented as a network multiplexer driver at the streams layer, the CCM enables completely transparent recovery from a single point of failure in the node interconnect.

One unique benefit of CCM is that it establishes logical links between the clustered nodes so that a failure of the physical communication medium is transparent to the application. In addition, when clustering more than two nodes, this module is responsible for managing the switches or Ethernet hubs.

Cluster Management Software

Sun’s cluster management technology provides the following components for comprehensive clusterwide management:

Sun Cluster Manager

The Sun Cluster manager supports a comprehensive graphical user interface to view and manage the entire cluster. The Sun Cluster manager monitors the status of cluster membership of a node, logical hosts, HA and parallel data services, interconnects and public network interfaces. It can run remotely as a standalone application or as an applet within a Java_{TM} technology- compliant browser.

Figure 11. Volume Manager Storage Administrator

• Cluster volume manager visual administrator

The Volume Manager Storage Administrator can also be used when using VxVM Cluster

Functionality (formerly CVM). The VxVM Cluster Functionality supports the same features as the standard VERITAS Volume Manager software, with additional support for cluster- wide volume management. (See the discussion on cluster volume manager earlier in this section.)

Backup and Restore in the Sun Cluster Server

Solstice Backup_{TM} software is currently available for use with the Sun Cluster products. Backup modules are also available from the following database vendors:

• Informix Onbar (On- line backup and restore) supports on- line database backup

• Legato NetWorker_® software for Oracle is designed specifically for use with Oracle databases

Failure Recovery

Failure Recovery Capabilities

A Sun Cluster is subject to the same points of failure as a standalone system˙ processor failure, memory failure, system software failure, application software failure, power supply failure, and fan failure.

However, due to the cluster- redundant architecture and automated fault management capabilities, the cluster can recover from any single point of failure without operator intervention.

No single component failure can result in a failure of the cluster. If two or more concurrent failures occur, the cluster may not recover; however, the statistical probability of two or more types of failures occurring simultaneously is extremely low.

Failure Scenarios: Node Failure

In the event of a node failure, the cluster recovers in a manner that maintains the integrity of its application(s) and/or database(s).

• Recovery of a standard database application

Figure 12. Node failure recovery process

• Recovery of a parallel database application: Oracle Parallel Server (OPS)

The Oracle database is mirrored (using software- RAID 0 or 1 only; software RAID 5 does not work) or hardware- RAIDed and dynamically shared by all cluster nodes. Regardless of the type of single failure that occurs (hardware, software, or network), the RDBMS remains accessible. Upon Node A failure, the DLM in Node B begins lock recovery. Only locks held by Node A need to be recovered, not the entire database. During the recovery process, all locked records are available incrementally through Node B. In this fashion, the RDBMS is brought back on- line in an incremental fashion, providing Node B’s application with incremental access to the database. When the failed node is recovered, it re- establishes the connection to the database. There is no need to rebuild the database, provided at least one node in the cluster remains operational. When Node A is serviced, it can be brought back to the cluster dynamically without shutting down the Oracle database.

Transparency to Users

For standard high- availability applications, the users of the failed application or failed node are impacted for the duration of time taken by the cluster to recover from the failure and restart the application.

For users of a parallel application such as OPS, only those clients connected to the node that failed are impacted. Following is an example of a highly available application running on top of OPS.

• The application runs on one of the cluster nodes and users are connected directly to the node.

In a direct- connection configuration, users see the failure because their session is interrupted. The application that runs on the failed cluster node goes down. The cluster begins cluster reconfiguration, isolating the failed node and recovering the locks it held. Committed data is rolled forward, while uncommitted data is rolled back. The application is restarted on the surviving node in the cluster and the IP address of the failed node is migrated to the node on which the application was restarted. Users can then reconnect to the application using the same logical address. Transactions in process when the node failure occurred will have to be resubmitted.

Figure 13. Users directly connected to the cluster node

• Applications run in a client/server architecture with or without a transaction monitor In a client/server configuration, whether or not the users see the failure depends upon how the client application responds to a failure situation and if a transaction monitor is used. If the client application can recognize the failure (through a time- out mechanism or similar application- specific recovery mechanism) and resubmits the transaction to the network address of the backup cluster node, the user may not even know that a node failure has occurred (a transaction monitor normally does all of this automatically). However, there will be a delay in handling the transaction while the cluster is recovering. If this logic does not exist in the client application or a transaction monitor is not used, the user will have to resubmit the transaction, directing it to the remaining node’s network address.

Figure 14. Users log on through client machine

Public Network Failure

In the event of a LAN adapter failure, failover will be to the backup LAN adapter in the server where the failure occurred, and is transparent to the users. If no backup LAN adapter is installed, then the network will failover to the backup node. In both case, the IP address of the failed adapter is migrated to the backup.

Disk Subsystem Failure

Since the database is mirrored or RAID- protected at all times and power supplies and fans are redundant

(n+1), a single failure of an individual component (such as a disk, power supply, or fan) should not affect the availability of the database.

Figure 15. I/O subsystem failure

Software Failure

• Standard application failure

Sun Cluster first attempts a local restart of the failed application since this is the fastest and most efficient means of recovery. If unsuccessful or not practical because of the type of failure, the application is restarted on its backup node and its resources are migrated to the backup node, including the IP address used by clients to access the application. Once the application is back up and running, clients can connect to it just as they did before the failure occurred.

• Parallel database software failure

Since there are multiple instances of the Solaris_{TM} Operating Environment, the lock manager (Oracle only), the volume manager, and the database application in the cluster, software failures are isolated to the node on which the failure occurs and do not affect other nodes in the cluster, except during the cluster reconfiguration process.

Figure 16. Software failure

Private Network Failure

• Single failure in private interconnect

There should be no interruption in service should a single component in the private interconnect fail. All cables and controllers are redundantly configured. Should one component fail, the redundant part will take over.

Figure 17. Private interconnect failure

• Dual failures in private interconnect

The following outlines what happens in the case of two node clusters; a similar scheme is used for three and four node clusters:

In the event of dual failures in the private interconnect where all intercluster communications is lost, the cluster nodes use majority quorum voting to determine the current state of the system. Each node and a single storage subsystem, which houses the quorum device, are used for voting. During the recovery process, both nodes attempt to reserve the quorum device. The one that succeeds undergoes reconfiguration to reconstitute the cluster to include itself and the storage arrays. The node that loses shuts itself down, taking itself out of the cluster. Operator intervention is required to bring that node back into the cluster.

Note: The membership monitor helps ensure that the node with the majority vote will continue to operate and provide access to the data.

Recovery Time

Recovery usually takes minutes, but the actual recovery time varies and depends on the environment. Some determining factors are:

Oracle Parallel Server example:

• Distributed lock manager and cluster

volume manager

Recovery usually takes a few minutes

• Number of outstanding locks Recovery time is dependent on the number of locks held by the failed node

• Application recovery Though the Oracle database remains up with any single point of failure, the application may need to be recovered

• RDBMS recovery Recovery depends on the number of outstanding locks, checkpoint intervals, workload, DLM states, and so on

Other factors:

• Which component fails Recovery from node and disk failures are transparent;

application failure is not

• The time needed to detect failure The cluster membership monitor needs to differentiate between a failed and a slow component

Parallel Database Technology

Parallel database technology increases availability of the database as well as parallelism in processing, which results in significant performance gains. Sun currently supports Oracle Parallel Server and IBM

DB2 EEE parallel database products on Sun Cluster. Despite different architectures, parallel databases are designed for OLTP, DSS, and batch workload- type environments. They leverage client- server architecture to provide a more flexible, high- end growth path. Regardless of the difference in parallel database architecture, the enterprise cluster provides an identical, highly available hardware platform for the supported databases.

Oracle Parallel Server: A Shared Disk Model

The Oracle Parallel Server (Oracle RDBMS with parallel server option) leverages loosely coupled systems to form a single database- computing resource. It supports shared, concurrent access to the disk across multiple nodes. In Sun Cluster, Oracle’s UNIX distributed lock manager (DLM) is used to coordinate shared, concurrent access to the database. Oracle Parallel Server also has many built- in availability features that help ensure accessibility of the database upon failure. With support for distributed parallel query, Oracle Parallel Server is targeted for OLTP as well as read- intensive DSStype workloads.

Figure 18. A shared- disk model

Transaction Monitors

Using

If properly configured, the use of transaction monitors with Sun Cluster provides additional benefits as described below.

• Transparent recovery

In the event of failure, transaction monitors provide an additional buffer between clients and Sun Cluster, managing in- flight transactions and making node failures less visible to the users. In this manner, users are shielded from cluster events. In order to enjoy this benefit, the application must be configured to run in a true client/server architecture, where the cluster is viewed strictly as the data server.

Figure 19. Using transaction monitors with Sun Cluster

• Cluster- wide load balancing

Transaction monitors can be used for cluster load- balancing by distributing transactions to different nodes in the cluster. An instance of the transaction monitor can be run at the node level or on a separate front end to the cluster, and has access to standard UNIX status information concerning workload. This information can be used to direct transactions at less heavily loaded nodes, providing greater overall cluster throughput.

• Distributed transaction processing

Sun Cluster and Oracle software comply with the X/Open^® XA standard. The use of transaction monitors with the XA- compliant Sun Cluster facilitates the access and updating of data managed by dissimilar DBMS and file servers.

Terminal Concentrator/Start- up Package

Terminal Concentrator

The terminal concentrator is used to connect a Sun Ultra^{TM} 5 workstation or a more powerful Sun workstation (the cluster management console) to all of the cluster nodes (it has a total of eight serial ports and one Ethernet port). This allows access to cluster information from a direct attached or network attached console.

Start- up Package

Sun recommends that customers purchase installation and training start- up packages with all first- time installations. Sun Enterprise Services may not support Sun Cluster configurations that do not include a start- up package. The start- up packages must be ordered as separate line items from the Sun Enterprise

Services price list. See the Service and Support section of this document for details.

Ordering Information

Sun_{TM} Cluster Order Approval Process

For Sun_{TM} Cluster 2.2 software, both resellers and Sun sales must go through the automated order approval process, completing steps A and B below. The SunConfig Notes (Section C) documents important changes (from the old ConfigTool) on SunConfig’s supported cluster topologies, making changes to sample configurations, and using SunConfig.

Note: This process does not include Sun Enterprise_{TM} 10000 clustered systems. For Sun Enterprise

10000 cluster systems, send e- mail to: bsd_sales_desk@oregon.west.sun.com

All information on the cluster order approval process can be found on the reseller homepage:

http://reseller.sun.com/products/clusters/

A. Determine Valid Configuration for a Cluster and Generate Sales Quote

Responsibility for generating a valid configuration rests with the Sales Team. NO FORMAL

APPROVAL OF YOUR CONFIGURATION IS REQUIRED - - USE ONE OF THE THREE

METHODS BELOW TO VERIFY THE VALIDITY OF THE CONFIGURATION, then generate a sales quote. To order the cluster, proceed to Step B.

Configuration validation methods

1. Generate valid configuration or use sample configuration with SunConfig. See SunConfig Notes,

Section C, for important changes from the old ConfigTool cluster process.

Note: Sun Cluster configs must be checked/validated in SunConfig and then "dropped" into

QuoteTool/QuoteMaster, not the other way around (QuoteMaster does not support checking cluster configs).

(a) Allow SunConfig to complete a valid configuration.

Enter the part numbers and quantities for the components of the configuration which you know you want (e.g., desired servers, storage, and software agent such as high- availability Netscape), then allow SunConfig to complete the remaining necessary components for that configuration

(select "Action," "Complete Config").

(b) Generate your own cluster configuration and check it using SunConfig.

See details in SunConfig Notes, Section C, for important changes from the old ConfigTool cluster process.

(c) Use a sample, pre- validated configuration file previously generated by SunConfig.

See details in SunConfig Notes, Section C, for important changes from the old ConfigTool cluster process.

2. Use a sample, pre- validated configuration

3. Generate valid configuration using the configuration guide and your own knowledge.

B. Order the Cluster, Get Approval, and Remove the B- hold

1. Get approval for a cluster order.

Go to the new Web- based cluster approval tool, named SCOPE- Tool, at:

Reseller:

http://reseller.sun.com/rscope/index.html (Americas mirror server)
http://reseller.eu.sun.com/rscope/index.html (European mirror server)
http://reseller.sun.com.sg/rscope/index.html (Singapore mirror server)

For assistance with the approval process, e- mail SCOPE- Tool’s web admin or: clustersales@sun.com

Resellers should read instructions (similar to those below) at the above reseller URLs.

For internal orders, the Computer Systems field initiates the SCOPE- Tool approval process. The

Sun Service (SSD) ASSE/SSE supplements and finalizes technical issues. And the Sun Service

(SSD) CSM/ACSD completes the service and readiness portion.

In SCOPE- Tool, you will be prompted to complete on- line checklists (such as the technical checklist and the CSM/ACSD checklist) required for service approval, to provide the CAS sales order number (six- digit number, with no alphabetical letters, not the purchase order number, quote number, manufacturing pro number, or any other non- six- digit number from CAS), and to identify which of the three methods discussed above you have used to verify the validity of your cluster configuration. Instructions and examples for using SCOPE- Tool are also at the URL. In your browser, cookies must be turned on (select "Edit," "Preferences," and "Advanced").

SCOPE- Tool allows you to save partially completed information, so that others may access the saved information in order to complete the remaining information. Once completed, the CSM/ACSD will hit the "Submit" button in SCOPE- Tool and the order will be reviewed for automatic approval or manual approval. Any problems with the order will activate certain triggers built into SCOPE-

Tool which will notify the relevant field representatives and the relevant people in corporate in order to rectify the problem and get the order approved. Otherwise, approval is immediate, via e- mail notification to the CSR and other relevant parties.

2. CSR/OrderAdmin removes the B- Hold to schedule delivery.

SCOPE- Tool will automatically send an e- mail to the CSR/OrderAdmin, the defined field representatives, and the relevant people in corporate, providing notification that the order is approved. The CSR/OrderAdmin must then use the CAS sales order number to lift the B- Hold so that delivery is scheduled on the order.

C. SunConfig Notes

QuoteMaster does NOT validate configurations, SunConfig does. Sun Cluster configurations must be checked/validated in SunConfig and then "dropped" into QuoteTool/QuoteMaster, not the other way around (QuoteMaster does not support checking cluster configs). From Salesdesk, select SunConfig. Per the below instructions, you may either build a cluster from scratch or use a template/sample.

To Build a Cluster from Scratch:

Begin building the configuration, using the rules in the Sun Cluster configuration guide.

1. Start by selecting the correct "Family" (for clusters, not standalone servers). Select "Family," New

System," "Sun Cluster � "

2. Select number of nodes and type of server.

3. Select type of private interconnect.

4. Build each node.

5. Add shared storage between nodes. Select "Configuration Setup" screen, "Sharable Parts." Note that only shared storage is supported in SunConfig now; other sharable parts should not be placed in the shared parts section.

6. Check each node separately ("Action," "Check Node") or the entire configuration ("Action," "Check

Configuration"). Pay close attention to the "Pass," "Warning," or "Fail" messages.

Use or add to a pre- validated cluster template (sample config)

1. Start by selecting the correct "Family" (for clusters, not standalone servers). Select "Family," New

System," "Sun Cluster� "

2. Select number of nodes and type of server.

3. Load the template/sample. Select "File," "Load Configuration Template."

4. Select a product family and server type, then hit "OK" to load.

5. Add to or adjust the template sample parts as needed.

6. Check each node separately ("Action," "Check Node") or the entire configuration ("Action," "Check

Configuration"). Pay close attention to the "Pass," "Warning," or "Fail" messages.

For further information on using SunConfig you can run a tutorial from the icon within the Salesdesk software suite.

Migration to Sun_{TM} Cluster Server

The Migration Process: An Example of Migration From a Single- Node

Environment

The packaging of Sun_{TM} Cluster is designed to facilitate migration from a single- node environment to a cluster. Each migration process must be carefully managed to make sure all the necessary components are in place. The flowchart below shows the step- by- step process to migrate a single- node system to a Sun

Cluster.

Figure 20. The migration process

Migration Detail: Disk Subsystems

Sun supports both single- ended and differential SCSI cables in multihosted configurations. Sun StorEdge MultiPack systems support single- ended SCSI cables, while Sun StorEdge A3500 arrays require differential SCSI cables.

Sun allows customers to migrate existing tray- mounted SCSI drives forward into cluster configurations and supports on- line replacement.

Sun’s fiber host connections and copper SCSI allow customers to power down a disk subsystem for maintenance without having to power down the host.

For more detail information, please see the Sun Cluster 2.2 Configuration Guide, SunWIN # 101249.

Service and Support

All first- time installations of Sun^{TM} Cluster require the purchase of the appropriate training, installation, and consulting start- up package and SunSpectrum Platinum^{SM} or SunSpectrum Gold^{SM} program contract. The start- up packages and support contracts are available from the SunService^{SM} program price list. They must be included with every Sun Cluster sale. If the appropriate start- up packages and support contract are not purchased, then Sun Enterprise services might not approve the order. Sun Cluster start- up packages and SunSpectrum^{SM} program support contract are an integral part of the Sun Cluster offering. These support services help ensure that the server is properly installed and configured to achieve the customer’s objectives for performance, availability, and manageability. Other cluster vendors are making similar recommendations to their customers, as they have also recognized the importance of a full- service contract to maintain high levels of availability.

In the first year of installation, customers will not be able to "downgrade" this support service to a lower level of service. However, when the warranty expires, customers who wish to downgrade their support services can negotiate with Sun Enterprise services. Sun recommends that Sun Cluster server customers use the SunSpectrum Platinum or SunSpectrum Gold services as long as they are running the product in their production environment, to provide a highly available environment.

The SunSpectrum program is an innovative and flexible service offering that allows customers to choose the level of service best suited to their needs, ranging from mission- critical support for maximum solution availability to backup assistance for self- support customers. The SunSpectrum program provides a simple pricing structure in which a single fee covers support for an entire system, including related hardware and peripherals, the Solaris^{TM} Operating Environment software, and telephone support for Sun software packages. The majority of Sun’s customers today take advantage of the SunSpectrum program, underscoring the value it represents. Customers should check with their local Sun Enterprise services representative for program/feature variance and availability in their area. Note: Sun Enterprise^{TM} server customers running failover functionality on a Sun Enterprise 2 server also have the option of purchasing the SunSpectrum Silver^{SM} program service.

FEATURE

SUNSPECTRUM PLATINUM Mission- critical Support

SUNSPECTRUM GOLD Business- critical Support

Systems Features Systems approach coverage Yes Yes System availability guarantee Customized No Account Support Features Service account management team Yes No Local customer support management No Yes Personal technical account support Yes Yes SunStart^{SM} installation service Yes No Account support plan Yes Yes Software release planning Yes No On- site account reviews Monthly Semiannual Skills assessment Yes No Site activity log Yes Yes

FEATURE

SUNSPECTRUM PLATINUM Mission- critical Support

SUNSPECTRUM GOLD Business- critical Support

Coverage / Response Time Standard telephone coverage hours 7 day/24 hour 7 day/24 hour Standard on- site coverage hours 7 day/24 hour 8 a.m.˘ 8 p.m., Monday˘ Friday 7- day/24- hour telephone coverage Yes Yes 7- day/24- hour on- site coverage Yes Option 7- day/12- hour on- site coverage No Option 5- day/24- hour on- site coverage No Option Customer- defined priority setting Yes Yes ¯ Urgent (phone/on- site) Live transfer/ 2 hour Live transfer/ 4 hour ¯ Serious (phone/on- site) Live transfer/ 4 hour 2 hour/next day ¯ Not critical (phone/on- site) Live transfer/ customer convenience

4 hour/ customer convenience 2- hour on- site response Yes Option Additional contacts Option Option Premier Support Features Mission- critical support team Yes For urgent problems Sun Vendor Integration Program (SunVIP^{SM}) Yes Yes Software patch management assistance Yes No Field change order (FCO) management assistance Yes No Hardware Support Delivery Replacement hardware parts On- site technician On- site technician Two day parts delivery N/A N/A Overnight parts delivery N/A N/A Same- day parts delivery Yes Yes Remote Systems Diagnostics Remote dial- in analysis Yes Yes Remote systems monitoring Yes Yes Remote predictive failure reporting Yes Yes Software Enhancements and Maintenance Releases Solaris Operating Environment enhancement releases Yes Yes Patches and maintenance releases Yes Yes Sun unbundled software enhancements Option Option Internet and CD- ROM Support Tools SunSolve^{SM} license Yes Yes SunSolve EarlyNotifier^{SM} Service Yes Yes

Glossary

API Application programmable interface. An API is provided which enables applications to make use of Sun^{TM} Cluster software so that they can be made highly available and/or scalable.

Application failover This is the process by which an application is restarted on its backup server in the event of a failure on its primary server. Not only is the application restarted, but all of its disk resources and the IP address through which clients were accessing it are migrated over to the backup node.

Cluster A platform configuration in which two or more servers (nodes) participate cooperatively to provide availability and/or stability beyond what is possible with a single server. A disk is often physically shared in these environments and may also be logically shared (both failover databases and parallel databases use cluster configurations).

CCM Cluster connectivity manager. Manages intercluster communications.

Cluster management console A Sun Ultra^{TM} 5 workstation or better that acts as a comprehensive, centralized point of cluster management for all cluster nodes.

Cluster monitor Also known as the fault monitor, this component offers a screen- based interface to provide an integrated view of cluster status as determined through the cluster membership protocol by various software components.

Cluster membership monitor This component forms the heart of the fault management software, maintaining an up- to- date record of cluster membership; initiating and managing all cluster state transitions, such as a node failure or orderly shutdown; and handling the cluster heartbeat mechanism. This product is bundled with Sun Cluster software.

CVM See VxVM Cluster Functionality.

DLM Distributed lock manager. Available for use only in the Sun Cluster server, DLM works closely with the Oracle Parallel Server option to provide a single view of the database across multiple cluster nodes. It also manages lock recovery upon node failure in a manner that preserves the integrity of the database.

Fat node A server which is capable of scaling to a large number of CPUs within the server cabinet. The Sun Enterprise^{TM} 3500- 6500/3000- 6000/10000 servers fall into this category. Thin servers are those which are designed to support one or two CPUs maximum.

Fault tolerance An approach to achieving continuous availability that leverages recovery within a node (if CPU 0 dies, then CPU 1 takes over). Fault tolerance implies a level of availability above that achievable with high availability configurations, but it compares poorly in terms of price/performance. Fault tolerance implementation typically requires a high level of system and application integration.

Fibre Channel interface (FCI) Used for the direct disk connections to the SPARCstorage^{TM} Arrays in the Sun Cluster server. The Fibre Channel interface supports a 25 MB/second data path, location of drives up to two kilometers away from the host systems, and full electrical isolation from the host (enables on- line replacement of disk subsystem components).

High availability An approach to achieving high information- resource availability that leverages recovery between nodes. (If system A dies, then system B takes over.)

Node interconnection A dedicated, high- speed private network that is used only for Oracle lock traffic, fault- management traffic, and cluster- heartbeat traffic. Sun uses a physically and logically redundant SunFastEthernet^{TM}/Gigabit Ethernet network running a fault- tolerant version of TCP/IP for standard applications and a high- performance SCI for parallel applications.

On- line cluster management The GUI- based software package used in the Sun Cluster server for management of storage, the cluster, and the database, and for viewing the cluster as a network resource. Includes the cluster management console, cluster control panel, cluster monitor, on- line help, cluster volume manager, and visual administrator, which allow the cluster to be managed as part of an integrated network of computing resources.

Parallel database Any of a group of database products designed to run on sharedmemory, shared- disk, or shared- nothing architectures that leverage the inherent parallelism of these environments to achieve high- end performance and enhanced database availability.

Partitioned data Data laid out in such a way on the disks as to support very high degrees of concurrence among nodes that are accessing it. If data sets are well partitioned, contention is minimized among different processes or applications that are concurrently trying to update the database.

PDB^{TM} Parallel database. A term that applies to the software designed for the parallel database environment.

Query decomposition A process that takes a single query and breaks it into multiple smaller queries that can be run in parallel across different processors. For certain queries, this can produce results significantly faster than attempting to run them in a single- threaded fashion. An example would be a query that requires a 40- GB database to be searched sequentially for matches; if a user breaks this query into eight different processes, each of which would sequentially search one- eighth of the database, and the entire search process could be completed more quickly than if it were done sequentially by a single processor.

SDS Solstice DiskSuite^{TM} software.

TCP/IP The protocol the Sun Cluster server uses for lock- manager and faultmanagement traffic, implemented over logically redundant SunFastEthernet or Sun Cluster channel links.

Transaction monitor A layer of software that can be added to Sun Cluster server configurations that enhances transaction- management capabilities and cluster- wide load- balancing capabilities. Usually includes a server portion and a client portion.

VxFS VERITAS File System software.

VxVM VERITAS Volume Manager software. Formerly known as Sun StorEdge^{TM} Volume Manager (SSVM) software, this product is price listed by Sun, and bundled with Sun Cluster software.

VxVM Cluster Functionality (Formerly Cluster volume manager)

Software that supports shared concurrent access to a disk in a Sun Cluster server configuration and keeps the state of the mirrors consistent across the cluster nodes, allowing transparent recovery from disk failures and automatic data resynchronization of replaced disks.

Starting with VxVM 3.0.x, the functionality provided by Cluster Volume Manager has been integrated into the base VxVM product as a feature called Volume Manager Cluster Functionality. A separate RTU license and a separate license key are required to unlock the VxVM Cluster Functionality.

Materials Abstract

All materials will be available on SunWIN except where noted otherwise.

Collateral Description Purpose Distribution Token # or COMAC Order #

Powerpack

− Sun^{TM} Cluster Software, Just

the Facts

Reference Guide (This document)

Training, Sales Tool

SunWIN, Reseller Web

74006

− Sun Cluster Customer

Presentation

Presentation, With Notes Sales Tool SunWIN, Reseller Web

73456

References

− Sun Intro, Sun Cluster, 7/00 Introduction E- mail Sales Tool SunWIN, Reseller Web, E- mail 120908

− Sun Cluster Quick Reference

Card, 7/00

Quick Reference Card Sales Tool SunWIN, Reseller Web, First Resort

73715

− Sun Enterprise Cluster Field Q&A Frequently Asked Questions Training, Sales Tool

SunWIN, Reseller Web

74098

− Sun Cluster 2.2 Configuration

Guide, 7/00

Configuration Guide Training SunWIN, Reseller Web

101249

Product Literature

− Sun Cluster 2.2 Data Sheet Data Sheet Sales Tool SunWIN, Reseller Web

74836

− Sun Cluster for Solaris

Enterprise Server Data Sheet

Data Sheet Sales Tool SunWIN, Reseller Web

94365

− Sun Cluster 2.1 API

Programmer’s Reference Manual

Reference Manual Training SunWIN 90006

− Sun Cluster Roadshow

Presentation

Marketing Presentation Sales Tool SunWIN, Reseller Web

79821

− Sun Cluster 2.2 with HA- SAP

Installation Guide

Installation Guide Sales Tool SunWIN, Reseller Web

116416

Training

− Sun Cluster IQ Kit: Reference

Guide

Reference Guide Training SunWIN, Reseller Web

74305

− Sun Cluster IQ Kit: Sales

Guide

Sales Guide Training SunWIN, Reseller Web

74308

− Sun Cluster IQ Kit: Technical

Guide

Technical Guide Training SunWIN, Reseller Web

74311

Collateral Description Purpose Distribution Token # or COMAC Order #

White Papers

− Sun Cluster Architecture

White Paper

White Paper Training SunWIN, Reseller Web

74107

− RAID 5 in Sun Cluster White Paper Training SunWIN, Reseller Web

74102

− SCI Interconnect Switch

White Paper

White Paper Training SunWIN, Reseller Web

74134

− Ultra Enterprise^{TM} Cluster

HA1.3 Architecture White Paper

White Paper Training SunWIN, Reseller Web

46439

− Sun RAS Solutions for

Mission- critical Computing

White Paper Training SunWIN, Reseller Web

53096

− Data Warehousing

Performance with SMP and MPP Architectures

White Paper Training SunWIN, Reseller Web

70222

− Campus Clustering with Sun

Cluster

White Paper Training SunWIN, Reseller Web

66499

− Sun Cluster 2.1 - HA- SAP

White Paper

White Paper Training SunWIN, Reseller Web

92939

− Solaris Resource Manager on

Sun Cluster 2.2 White Paper

White Paper Training SunWIN, Reseller Web

106931

Performance Brief

− Ultra Enterprise Cluster

PDB/Oracle Parallel Server DSS Performance White Paper

Performance Brief Training SunWIN, Reseller Web

57866

External Web Site

− Sun Cluster Web Site http://www.sun.com/solaris/ds/ds-cluster/