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Oracle Database 10g Storage Management and
Business Continuity—Important Functionality for
Businesses to Consider

Executive Summary

In 2003, Oracle launched a new version of its database management software, Oracle 10g
(see Exhibit 1). The “g" in the version name stands for grid. Grid computing is an IT
deployment model in which infrastructure resources, such as network bandwidth, server
processing power and storage capacity, are pooled together and can be dynamically
allocated to business applications based on predefined policies or service levels. In
addition, the grid will be constructed using low-cost components such as industry-
standard servers or blades and affordable, modular storage. This model reduces costs,
improves resource utilization and raises service levels to business applications. This is in
contrast to IT deployment models of today that typically dedicate massive infrastructure
resources to a particular application. Although the reality of grid computing is still several
years away (there are still many technical challenges to overcome), vendors must prepare
and gain experience for its advent today.

With 10g, Oracle lays the foundation for its role in grid computing in the coming years.
Applied today, these technologies address the increasing complexity of managing and
protecting ever-growing databases. Specifically, these technologies aim to mitigate some
of the complexity of database and storage management, as well as provide higher levels of
availability and business continuity. Some of these technologies complement technologies
offered by storage system and backup software vendors and others that give businesses a
choice. In these instances, businesses will need to make the choice based on cost and the
best fit for their IT environment.

These technologies also give businesses expanded choice for selecting the most appropriate
storage system. In the past, companies selected only premium, monolithic storage systems
for Oracle database deployments. These systems offered the best performance through large
system cache sizes, significant internal bandwidth and large capacities; they also offered
high availability with RAID protection, snapshots and full point-in-time copies of the data.
Today, similar performance and functionality is often available in affordable, modular
storage systems.
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Exhibit 1.

Summary of Oracle Database 10g Storage Management and Business

Continuity Features
Source: Oracle and the Yankee Group, 2004

Function Benefits Considerations ‘
Automatic ASM is a clustered volume No additional cost for ASM. ASM can only manage
Storage manager and file system for database and log files. A
Management | the database. Eliminates the need for volume manager and file
(ASM) traditional volume system are still required

It automates database file management and file for all other files.

naming, layout and systems.

management.

Eliminates the need for
manual tuning of database to
improve performance.

Recovery The Oracle utility to backup, | No additional cost for RMAN | Integration with third-
Manager restore and recover the and flash recovery area. party software still
(RMAN) and database. required for backup to
Flash Recovery Tightly integrated with the tape.
Area In Oracle 10G, RMAN and a | database, configured using
designated flash recovery Oracle Enterprise Manager. The flash recovery area
area, automate backup to will need to be as large
disk directly. Flash recovery area provides | as the number of full and
for backup to disk, both full incremental backups to
and incremental. disk that will be required

to meet recovery time
Nightly incremental backups | and point objectives.
are automatically applied and
validated to flash recovery

area.

Flashback Flashback database is a No additional cost for these Flashback database

Technologies | new method for providing technologies. requires the creation of a
point in time recovery. It flashback log. The size
allows a DBA to return the Instant restore, no roll back of which determines the
database to a previous or roll forward required. available recovery
point in time. points.

Provide more granular level
Flashback table allows a of restore than is typically
DBA to bring a table to a available.
previous point in time. This
can be conducted online
and Oracle maintains
referential integrity.
Row level restore via
Flashback Query.

Data Guard Data Guard is Oracle's Available at no additional Some businesses will
disaster recovery solution cost in the Oracle Enterprise | require higher bandwidth
that automates the creation, | Edition. transports such as
maintenance and DWDM and SONET.
monitoring of a standby Ease of configuration and
database across a TCP/IP use through Oracle DataGuard applies only
network. Enterprise Manager. changes captured in the

redo logs.
Uses standard TCP/IP
networks.

Standby database is
available for reporting,
querying and backup.
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l. Introduction

Although we estimate the majority of business information is unstructured or fixed
content (such as Office documents or digital files), typically the most mission-critical and
business-critical content is stored in a database. For mission-critical content,
performance, availability and scalability are paramount. For that reason and because of
database complexity, businesses are fastidious when planning database storage layout,
high-availability configurations such as clusters and business continuity. Oracle has
always maintained that no one knows the database better than it does. Therefore,
businesses are safest using its utilities and functionality than those of third parties.
Another reason, and a compelling one, isthat the utilities and the functionality are free
with the database.
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For businesses, the choice will depend on several factors:

» Standardization: Many businesses often standardize on a set of tools and utilities
across the enterprise for such tasks as volume and file system management, backup
and disaster recovery. These businesses will be more reluctant to introduce another
set of tools specific to the database.

» Expertise: For businesses without significant database expertise, particularly small
and medium businesses, Oracle Database 10g reduces the complexity of deploying,
maintaining and protecting the database. Businesses with more expertise will be
slower to disrupt their current practices and give up more granular control of the
database to adopt some of the new technologies.

» Expanding database size: For some businesses, the amount of data stored in the
database continues to grow dramatically year after year. Even with highly skilled
database administrators (DBAS), these businesses struggle to manage thousands of
database files while maintai ning database performance.

* Cost: Oracleincludes all of its utilities at no additional cost in the standard and
enterprise editions of the database. Thisis attractive to many small and medium
businesses that can eliminate some of the costs of additional third-party licenses for
backup and recovery software, volume and file system managers. In addition, it gives
them the ability to implement more sophisticated business continuity plans.

» Disaster recovery requirements. For mission-critical databases that are the least
tolerant of data loss and any type of latency, datais usually mirrored between sites
over dedicated fiber. Thisis an expensive deployment but offers the highest levels of
recoverability with the least impact on performance. | P can be a suitable transport for
less performance-sensitive databases, more cost-sensitive businesses, or businesses
seeking a disaster recovery solution over an extended distance.

» Interoperability: Therewill be some limitations to adopting Oracle 10g technologies
based on the current IT infrastructure. For example, if acompany currently runs
Oracle Real Application Clusters (RAC) with an underlying cluster technology from
one of the major server vendors, there may be a requirement to use a particular
volume manager and file system.

This report examines each of the Oracle 10g technologies listed in Exhibit 1. We explain
and discuss each technology (with an emphasis on storage integration and business
continuity) in the context of the above factors.
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Il. Oracle Automatic Storage Management

Database administrators often spend a significant amount of time monitoring
performance, identifying hot spots (areas of disk contention) and then manually tuning
performance by adjusting the layout of database files on storage. As databases continue to
grow, the challenge of managing performance and the underlying storage is magnified,
especially when thereislittle available downtime for database maintenance. Automatic
Storage Management (ASM) aims to eliminate the requirement for manual tuning of the
database by automating database file naming, layout and management. For a database
administrator who must manage thousands of database files, this can save a significant
amount of time. For a business without deep database expertise, ASM can simplify
deployment and management of the database.

ASM enables database administrators to directly manage the disk presented to the Oracle
server. The administrator defines a disk group and identifies which disks to add to the
group. When creating tablespaces, the administrator need only identify the destination
disk group, not the individual disk. ASM automatically creates and names the database
files and balances the workload across the disks in the disk group. Automated file naming
and management eliminates the need for traditional volume managers and file systems.

ASM Benefits

» Automated database file naming, layout and management not only reduce the cost of
management but also errors. For example, if the administrator drops a tablespace,
ASM automatically deletes the appropriate databasefile.

* ASM improves performance because it automatically spreads data across the disksin
the disk group to load balance; but it is aso improved because eliminating the
overhead of avolume manager and file system provides the same performance as if
the database were accessing raw disks.

» Thedatabase is more available. When allocating or reallocating storage resources, the
database administrator can add or drop disks while the database is online; ASM will
also automatically rebalance the data across the disk group.

* ASM can ease the deployment of Oracle s database cluster technology (RAC). Ina
RAC configuration, each node in the cluster must be configured to access a shared
database; ASM can reduce the time to accomplish this. In Oracle 10g, RAC includes
its own integrated cluster software that eliminates the need for third-party software
while ASM provides the clustered file system needed for the database files.

* ASM can be ameans by which to tier storage in the Oracle environment. Match your
database requirements not only to the class of storage system but also to the class of
disk technology with the storage system. Use ASM to create disk groups by class of
storage (it's best to have disks of equal performance in adisk group). As an example,
adisk group might be created to all ocate capacity for the Flash Recovery Area
(discussed in the next section). Less expensive serial ATA (SATA) disks or low-cost
hybrid Fibre Channel disks might be added to this disk group.
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ASM Considerations

* ASM does not eliminate the need for the storage system-specific tasks required
before adisk is presented to the Oracle server (such aslogical unit [LUN]
management and tasks related to Fibre Channel storage area networking, including
LUN masking and zoning), which is a common misconception.

* Businesses should note that ASM does not provide volume management and file
systems for non-database files on the server. These files will need to be managed by
the operating system volume manager or athird-party volume manager. Businesses
also need to be careful that the third-party volume manager and ASM do not attempt
to manage the same files.

* ASM can also provide several levels of data mirroring. Administrators have the
option to mirror with ASM or allow the storage system to provide mirroring
protection. It’s best to mirror within the storage system if that capability is already
provided. Redundant components and the implementation of various RAID levelsfor
data protection are what distinguish storage systems from just a bunch of disks
(JBOD). Implement RAID 1 (basic disk mirroring) within your storage system and
then alow ASM to automatically balance the workload across the disksin the disk
groups. This approach is very similar to the stripe and mirror everything (SAME)
strategy that Oracle has been advocating for years. However, for less expensive
storage, ASM can provide redundancy protection.

Recovery Manager and Flash Recovery Area

First introduced in Oracle 8i, Recovery Manager (RMAN) is Oracle’s utility for
managing database backup and recovery. RMAN istightly integrated with the database
and is particularly essential in recovery of the database. If database must be recovered,
the DBA restores the last physical backup and then initiates recovery. Recovery consists
of two parts: rolling forward and rolling back. Archived and online redo logs are used to
apply committed transactions to the database and rollback segments are used to roll back
uncommitted transactions until the database is brought to a consistent point in time (see
Exhibit 2). Without RMAN to automate this process, recovery would be complex, time
consuming and error prone.
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Exhibit 2.

Traditional Database Recovery from a Tape Backup
Source: Oracle and the Yankee Group, 2004
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Oracle offers a media management/proxy copy that enables third-party backup and
recovery software to integrate with RMAN to facilitate backup to tape and other media
such as disk.

In Oracle 10g there are several enhancementsto RMAN of particular note:

* Integration with Oracle Enterprise Manager: Wizards in Oracle Enterprise
Manager allow DBAs to configure and schedule backups and initiate recovery as
opposed to the command line in previous versions of Oracle.

* Flash recovery for backup to disk: In Oracle 10g, a DBA can designate an area of
disk asthe flash recovery area. The flash recovery area centralizes the location of all
files required for database backup and recovery. Configured and scheduled through
RMAN, the flash recovery area provides for backup to disk, both full and
incremental. Nightly incremental backups are automatically applied and validated
creating a synthetic backup that is stored in the flash recovery area.
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IV.

RMAN and Flash Recovery Area Benefits

There’ s no question that RMAN should be used to manage Oracle database backups,
whether on alone or integrated with third-party software through the media
management API. Database media recovery can be complex and attempting database
backup and recovery without it could be error prone.

Using the flash recovery areafor backup to disk provides markedly faster recovery
than recovery from tape. As a no-cost option that’ sincluded with the database, tightly
integrated with RMAN and configured from Oracle Enterprise Manager, this
represents away that businesses can very quickly deploy a backup to disk strategy.

RMAN and Flash Recovery Area Considerations

The flash recovery areawill need to be as large as the number of full and incremental
backups to disk that will be required to meet recovery time objectives. The flash
recovery areais an opportunity to use lower cost disk options such as ATA or the
low-cost hybrid Fibre Channel drive options that are available from HP.

The flash recovery area provides an effective way to implement backup to disk. This
is beneficial when an immediate recovery from aversion of the database that isafew
daysto aweek old isrequired. To maintain versions of the database longer than it can
be maintained on disk, the database must be backed up to tape. Thisis necessary for
data retention and archiving strategies or recovery from a database corruption or virus
that had not been detected for some time. To backup to tape, businesses must use
third-party backup software.

To backup the database to tape and reduce or eliminate the backup window, businesses
typically use the Oracle media management/proxy copy API to alow third-party
backup software to manage backups from array-based replicas and snapshots.

Oracle Flashback Technologies

New Flashback technologiesin Oracle 10g provide instant recovery, especially from
human error and corruption. The technologies provide avery granular level of restore,
enabling a DBA to restore an entire database, tablespace, table or row.

Flashback databaseis akin to a continuous backup. A Flashback log captures
changes to the database. This log enables the DBA to restore the database to a point
in time with just a single command.

Flashback table restores rowsin a set of tablesto time. Flashback table uses UNDO
in the database to accomplish this recovery.

Flashback drop restores a dropped table or an index utilizing the databases recycle
bin.

Row level restoreis accomplished using a technology that was introduced in Oracle
9i called Flashback Query, which enables users and DBAsto see all versions of arow
between two times and the transactions that changed the row. This information can be
used to generate the SQL commands that will restore the row level data.

Copyright © 2004 by the Yankee Group. All rights reserved.
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Flashback Benefits

» Flashback technologies, in particular Flashback database, provide much faster
recovery than traditional recovery of the database because no backup must be applied
and no roll forward or roll back is required, as shown in Exhibit 2.

» Thetechnologies also provide amore granular level of recovery (database,
tablespace, table, row) than istypically or easily available with traditional backup to
disk or tape.

* Oracleincludes and integrates Flashback technol ogies with the database. Therefore,
customers avoid having to purchase and integrate another set of tools into their
environment.

Flashback Considerations

» Thesize of the Flashback log will determine the recovery point of the database.
However, using low-cost ATA or FATA drives for the Flashback log can reduce
storage costs and enable businesses to create sufficiently large log sizes.

* Instant recovery will enable businesses to recover from human error and corruption
more quickly than ever before, but it can compound problemsif not applied by a
knowledgeable database administrator. Businesses must be careful to whom and at
what level Flashback abilities are granted.

V. Data Guard

First introduced in Oracle 8i, Data Guard is Oracle s disaster recovery solution for the
Oracle database. It automates the creation, maintenance and monitoring of a standby
database across a TCP/IP network. Data Guard ensures automatic fail over between the
primary and secondary database, not requiring roll forward and roll back. Data Guard
will enable the creation of one primary database to many standby databases. The only
requirement is that the primary and standby must run the same version of the database
and must be of the same operating system.

There are two types of Data Guard implementations, Data Guard Redo Apply and Data
Guard SQL Apply. Both implementations automatically resynchronize if thereisa
network problem, detect corruption and can be configured with a delay to ensure that
corruptions and errors are not propagated to the standby database. The use of the delay is
one option; another option is to use Flashback technologies at the primary and standby
databases to reverse corruptions and errors.

» Data Guard Redo Apply: In thisimplementation, redo data is shipped to the standby
database, known as the physical standby database, where it is automatically applied.
The standby database is physically identical to the primary database. In this case, the
standby database can be opened in read-only mode for queries and reporting. The
physical standby database can also be used to offload backups from the primary.
RMAN perform these backups while redo datais still applied to the standby.

Copyright © 2004 by the Yankee Group. All rights reserved. 9
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» DataGuard SQL Apply: In thisimplementation, redo data is transformed into SQL
statements that are automatically applied to alogical standby database. In this case,
the standby database islogically identical to the primary database. The advantage of a
logically identical database isthat it is an independent and active database. It can be
open in read/write mode while SQL Apply continues. This enables DBASsto create
additional indexes and materialized views, making the logical standby database an
ideal choice as areporting solution as well as a disaster recovery solution.

When it comes to disaster recovery, there is a choice between the Data Guard
functionality provided by Oracle, third-party software-only solutions and third-party
storage array-based solutions. The decision will be based on several factorsincluding
cost, ease of use, data availability requirements, standardization, recovery time and
recovery point objectives.

A recovery time objective measures abusiness' sensitivity to downtime. Some industries,
such as energy, telecommunications and financial services, can measure the cost of
downtime in millions of dollars per hour. These types of businesses are extremely
sensitive to downtime and require fail over and availability at a secondary site in seconds
to minutes. Other industries, such as healthcare or media and entertainment, do not have
as strict arecovery time objective.

A recovery point objective measures a business' sensitivity to data loss (see Exhibit 3).
Again, some industries, such as financia services, cannot tolerate any dataloss. These
types of industries will ensure that every transaction is mirrored synchronously to a
secondary site before the application even receives an acknowledgement that the
transaction is committed. Synchronous mirroring solutions can negatively impact
application performance depending on the distance to the secondary site and the type of
network transport (such as DWDM, SONET and IP). Other industries are tolerant of
some data |loss and therefore can opt for asynchronous mirroring or point-in-time copy
solutions. In this solution, the primary and secondary database will be out of synch,
which can lead to some data loss, but it has less impact on application performance and
costs significantly less in network bandwidth.

Exhibit 3.

Recovery Point Objectives and Remote Mirroring Continuum
Source: The Yankee Group, 2004
More
Synchronous
Recovery Asynchronous @
point |
Objective
Point in Time
Less Network Bandwidth Consumed More

10

Copyright © 2004 by the Yankee Group. All rights reserved.



August 2004

Data Guard Benefits

* Cost: Available as part of Enterprise Edition, thereis no need to purchase additional
third-party software. This can be a significant cost savings because some third-party
software and array-based software can cost tens to hundreds of thousands of dollars
in licenses. Many of these solutions are priced on a capacity basis, so the more data
you need to mirror to another site, the more expensive the license. In addition,
because Data Guard only mirrors the redo information and is based on standard
TCP/IP, network bandwidth and related hardware (such as protocol converters) costs
are reduced.

» Easeof use: Data Guard isintegrated natively with the database and is configured
and maintained through Oracle Enterprise Manager. A switch over from the primary
to the secondary database can be accomplished in as few as two mouse clicksin some
cases. Ease of use plays asignificant role in recovery time objectives.

» Dataavailability: In the case of both Data Guard Redo Apply and SQL Apply, the
standby database is available for queries, reporting and the offload of backupsto the
secondary site.

* Recovery time objectives: Because fail over or switch over isinitiated through
Oracle Enterprise Manager and automated by Data Guard, the downtime between a
disaster and an available database at the secondary site is significantly reduced. Other
solutions require database recovery before the database is restarted and available.

Data Guard Considerations

» Standardization: Data Guard can only mirror to a secondary site data that residesin
an Oracle database. For all other types of data, a business will require third-party host
or array-based software. Some businesses have large investmentsin third-party
software and prefer to have a single disaster recovery strategy and approach for all
their data.

* Recovery point objectives. Businesses that have the lowest tolerance for dataloss
will require a synchronous mirroring solution. Synchronous solutions often have a
performance impact on applications; this performance impact increases with distance.
Array-based software that uses Fibre Channel over transports such as DWDM or
SONET are more appropriate for a business with zero-data-10ss recovery point
objectives that cannot tolerate any performance impact to its applications.

VI. Oracle Partner Programs and APIs

Many businesses will not implement al of the new Oracle 10g technologies immediately;
the process will likely be an evolution as database administrators and other critical 1T
staff (storage and system administrators) gain experience and confidence. In addition,
many businesses will still choose to use third-party software for management and
business continuity either because they have aready made significant monetary and
training investments in these technologies or they’ ve made a strategic decision to use one
set of technologies for both structured and unstructured content.

Copyright © 2004 by the Yankee Group. All rights reserved. 11
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Oracle strives to remain neutral in infrastructure decisions beyond the database but it has
set up several programs at least to ensure compatibility of third-party hardware and
software with the database. To enroll in the programs, partners must provide an
architecture review of their products, validate compatibility with an Oracle test kit,
develop a usage guide and provide a web page of supported configurations.

* TheOracle Storage Compatibility Program (OSCP) validates compatibility with
NASfilers as well as snapshot and remote replication technologies.

» TheBackup Solutions Program (BSP) validates compatibility with backup
application software.

*» TheHardware Assisted Resilient Data (HARD) initiative provides technology
designed to prevent writing corrupted data to storage. The technology is licensed to
and integrated by storage system vendors. When integrated with storage systems,
HARD prevents writes of corrupted blocks, writes of blocks to incorrect locations,
erroneous writes from non-Oracle processes to Oracle data and corrupted third-party
backups. Thislevel of protection istypically employed by businesses with the
strictest high-availability requirements, such asthe Fortune 50. EMC, Fujitsu,
Hitachi, HP, NEC and Sun are shipping HARD-enabled products. Network
Appliance will also ship aHARD-enabled product with the next release of its
ONTAP operating system.

In addition to these programs, Oracle offers a number of APIs to storage and software
vendors:

* MediaManagement/ProxyCopy API: ThisAPI isaso referred to as the system
backup to tape (SBT) API. It defines the interface between RMAN and third-party
backup software packages. More than 20 vendors from the BSP are shipping backup
software that integrates with RMAN via SBT API.

* OracleDisk Manager APl (ODM): Thisinterface is designed to reduce the
performance overhead incurred when managing Oracle database files with afile
system. It accomplishes this by reducing the total number of file open calls. Network
Appliance, PolyServ and VERITAS are shipping ODM-enabled products.

* TheOracleFile Mapping API: This assists vendors with the logical to physical
mapping of database objects through to the storage. This type of mapping is helpful
when employing storage-based snapshot and full copy technologies. Its primary use
is hotspot identification and performance tuning. EMC, HP, Hitachi, Sun and
VERITAS are shipping file mapping enabled products.

* TheAutomated Storage Manager API: Thisis a storage management interface
between Oracle and storage system vendors that will enable ASM to automatically
discover storage devices, improve |/O efficiency and increase integrity checks. HPis
one vendor that has specifically taken advantage of this API. It enables ASM to
automatically perform device discovery on the XP and EV A storage arrays.

12
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VIl. Conclusions and Recommendations

In Oracle 10g, the company has made significant strides to address some of the
complexity and cost of deploying, maintaining and scaling Oracle databases and to lay
the foundation for itsrole in grid computing.

Oracle stools and utilities, such as Automated Storage Manager, Recovery Manager and
flash recovery area, Flashback technologies and Data Guard, are natively and tightly
integrated with the database and come at no additional cost. For small and medium
businesses, these utilities offer an opportunity to deploy and manage an Oracle database
cost effectively. The utilities also implement high-availability options such as backup to
disk and disaster recovery to a standby database—something that, until recently, only the
largest and most experienced businesses were able to implement.

Larger businesses will need to evaluate each tool and utility to determine whether it is
most appropriate versus third-party software from an independent software vendor or a
storage vendor. The most important factors to consider are standardization and existing
investments, database growth estimates, cost, disaster recovery requirements and
interoperability with existing software and infrastructure.

Vendor Recommendations

» All storage vendorsshould bein the process of validating their storage systems
and related technologieswith Oracle 10g. Oracle’ s Storage Compatibility Program
isintended to validate NAS filers and local and remote replication technologies
only—and in many cases, the tests kit for these technologies for both Oracle 9i and
10g are still not available yet. Each storage system vendor still needs to undertake its
own testing with Oracle 10g to validate integration and develop joint best practices
both general and specific to new 10g technologies such as ASM.

* Modular storage system vendor s should seek to partner with Oracle. Oracle's
vision with the release of 10g isto reduce overall costs for businesses (both in terms
of acquisition and management costs) while still providing the highest levels of
service (availability, security, scalability and performance) and ease of use. To that
end, Oracle intends 10g to be complementary to affordable, modular storage systems.

* Oracleshould striveto have OSCP test kits availableto third-party software
and storage system vendor s befor e the database release. The mgjor storage
vendors strive to conduct their own testing and validation of new database rel eases.
Having the test kits available immediately will speed adoption of the new release and
advanced functionality.

Enterprise Recommendations

Support for Oracle8i endsin December 2004. As aresult, we expect that during the next
1 to 2 years, thousands of businesses will upgrade to Oracle 9i and 10g. During major
database upgrades, businesses often upgrade supporting infrastructure components, such
as servers, networks and storage. Companies do this to improve performance, increase
capacity or complement new database functionality. In addition, businesses revisit their
strategies for security, infrastructure management and business continuity (high
availability, instant restore, backup and recovery, and disaster recovery).
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Consider the benefits and consider ations of each new 10g technology and
develop an adoption plan. It's unlikely that you will adopt all the new available
technologies in Oracle 10g immediately. Evaluate each technology against the factors
in the introduction of thisreport and against each of the considerations in the
subsequent sections. Determine which technologies will be the most appropriate to
adopt and develop a plan to test and implement these technol ogies. Knowing which
technologies you are likely to adopt will determine investmentsin third-party
software and technology.

Be certain your storage provider hastested and validated its system with Oracle
10g. If you know you will be deploying or upgrading Oracle 10g, understand what
tests your storage provider has undertaken to validate integration with 10g. It's
important that your storage provider has not only undertaken basic testing but has
taken the time to develop best practices related to layout and performance and also
related to the new 10g technol ogies.

14
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