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FIBRE CHANNEL WRITE ACCELERATION

The Cisco ® MDS 9000 Family of Multilayer Directors and Fabric ~ Switches provide a complete set of intelligent sto rage
services that include Fibre Channel Write Accelerat  ion (FC-WA), which can dramatically improve the num  ber of Small
Computer System Interface (SCSI) I/O operations per  second over long-distance in a Fibre Channel-based storage area
network (SAN), by reducing the effect of transport latency on the processing of each operation.

SUMMARY

Modern data centers are built around SANs thatigeosecure, reliable, and scalable centralized statage facilities. An effective business-
continuance and disaster-recovery plan mandatedeihleyment of multiple data centers located ainegdtdistances to protect against regional
power failures or disasters, yet close enoughyiclsronous data replication without affecting tipplecation performance. Achieving this
balance for successful business continuance pasigaificant challenge for businesses.

The time in which the business needs to recoveanguar disaster determines the type of data repbicaequired. Synchronous data replication
provides the least amount of downtime but requinesdata centers to be close enough so that tHieatgn performance is not affected by the
latencies introduced for every I/O operation. Asyilenious or semi-synchronous replication allowgyfeater distance but the data centers are in
lock step with each other, with the secondary dataer lagging behind the primary by a fixed amafritme. This in turn implies that there is a
loss of data for that period of time. An optimalgimn is to increase the distance between the datgers without introducing additional latency for
1/0 operations.

The Cisco MDS 9000 Family provides FC-WA, capalfldramatically reducing the effect of transporelaty during the time needed to complete
an SCSI operation over distance. Consequently FCaiMAvs longer-distance between the primary andrsgary data centers, increasing the
resilience of the solution and the flexibility ialecting the locations with the least impact onapplication performances, and improving
application performance for a given configuration.

The FC-WA feature is supported on the Cisco MDS09BAmily Storage Services Module, and may be useghyg Cisco MDS 9200 Series of
Multilayer Fabric Switches and Cisco MDS 9500 SenéMultilayer Directors running the Cisco SAN-&8lease 2.0(2b) or later, with the
Enterprise Licensing package.

CHALLENGE

The term “business continuity” implies the availapiof the entire set of physical, logical, andniean resources needed to run the business in the
event of an unforeseen stoppage. The physicakinéreture includes the location and its associegedurces, with respect to the IT area; these
resources include the physical servers, storagenatwork equipment. The logical infrastructuréhis data or information needed to continue with
the business. It is imperative that a finite sgbrafcedures and processes be put in place alohghétadequate technology to maintain business
continuity.

All contents are Copyright © 1992—-2005 Cisco Systems, Inc. All rights reserved. Important Notices and Privacy Statement.
Page 1 of 1



Figure 1. Relationship Between Data Center Distances and Application Availability
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Technology plays a critical role in determining havhen, and where the business recovery startsafteutage. This technology includes the
protection or duplication of the physical IT infragture, a one-time operation and replicatiorhefdata from the primary site to the secondary

site, and ongoing daily operations. Applicatioratfoirms, including their supporting hardware anfiveare, can be protected by the following
technologies:

« Data center clusters for application availabilitghin a given data center
« Metro or geo clusters for metropolitan distancekeep the applications continuously available
« Standby platforms and applications to help resboiginess operations in time to meet business dgsct

Figure 1 shows the relationship of application{plath availability and distance between data centers

« Data replication is a complex task and the metHaémlication is determined by the criticality ¢fet application using the data. For mission-
critical applications it is mandatory that no dagalost and that downtime is kept to an absolutémim, whereas other applications can
withstand significantly longer interruptions. Da&plication technologies that are available areluide coarse wavelength-division multiplexing
(CWDM), dense wavelength-division multiplexing (DWI), and Fibre Channel over IP (FCIP). CWDM combinesto 16 wavelengths onto a
single fiber. CWDM technology uses an ITU-stand2ehanometer (nm) spacing between the wavelenfyting, 1310 nm to 1610 nm. This
technology does not amplify or regenerate the Igggmals, or in other words is passive repeatet therefore is limited to shorter distances of
up to 80 km.

« DWDM combines up to 64 wavelengths onto a singlerfiDWDM technology uses an ITU-standard 100-GH20®-GHz spacing between the
wavelengths, arranged in several bands at ~1506Q6 nm. In this technology the wavelengths arsesltogether with respect to CWDM, and
therefore more accurate. The advantage is a mgtiehdensity of wavelengths, and the fact thatighe signals can be amplified and
regenerated allows for longer distances, with regaion for approximately every 150 km.

The data transport medium in wavelength divisioritiplexing is an optical fiber cable, often refadr® as “dark fiber.”
© 2005 Cisco Systems, Inc. All rights reserved.
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« FCIP is a technology where the Fibre Channel framne€ncapsulated into an IP packet and sent ovbetother site on a dedicated TCP/IP
tunnel created for this purpose. This technologyway effectively deliver high throughput over tpdistances, but the latency of the I/O
depends on the distance.

These replication technologies can use either spnclus replication or asynchronous replication meéh

* Synchronous replication, also referred to as riea-teplication, implies that an 1/0 is not complentil both sides acknowledge its completion.
To maintain consistency of data, every write toghienary storage is written over to the secondsoyagie in the same sequence before the
application writing is considered successful. Thithod helps ensure that data stored at bothisit#ways consistent, and the only data that
could be lost in the event of a failure is the datt was not committed or was being transmittetti@time of the failure. The disadvantage of
performing synchronous replication is that Fibrea@el protocol (FCP) defines four steps, or twanebtrips, before every 1/0O can complete.
The speed of light becomes the limiting factor lbesesa latency of 1 millisecond (ms) is introduaedevery 50 km of distance between the data
centers, even with the use of dark fiber.

« Asynchronous replication, often referred to asrestand-forward” replication, stores changes todag at the primary storage site for a
predetermined amount of time and then forwardshiamges to the secondary storage system for upddissvay the secondary storage system
lags behind the primary storage system by a fixadumt of time. This technology allows the datahat$econdary storage system to be
synchronized with the primary storage system iivargamount of time. Some data changes may notdmverable if those changes were still
stored on the primary storage system and wereetdoywarded at the time of the outage.

Given the different technologies and methods dlication, the challenge for data-center managets eénsure that the data is replicated in a timely
manner without affecting the performance of theliapfions using that data. The best possible smiufior a data-center manager is to implement
synchronous replication on a wavelength divisioritiplexing solution. However the distance betwees data centers, which, with the existing
technologies, cannot exceed 80 to 100 km withdettifig the applications, limits this solution.

To mitigate this issue, Cisco Systéhistroduced Fibre Channel Write Acceleration (FC-)Wan intelligent feature in the Cisco MDS 9000 Hgm
switches. FC-WA accelerates the writing process g distances, thus helping perform synchronmepscation over significantly longer
distances than what was previously possible.

SOLUTION

Cisco MDS 9000 Family Storage Services Module

The Cisco MDS 9000 Family Storage Services Modubwige the intelligent service of identifying th€SI 1/0 flow for a given initiator-target
pair. This information is used to provide the FC-i¢ature and the feature to gather advanced IAB3tita for a given initiator-target pair. The
FC-WA feature decreases the latency of an 1/O toreg distances and the advanced /O statisticecteltl can be used to evaluate the storage
performance for the initiator-target pair.

The Storage Services Module incorporates all tipalgitities of the Cisco MDS 9000 Family 32-PortfeilChannel Switching Module and also
provide scalable and intelligent storage servites. Storage Services Module features a highlyidigied processing architecture and hardware-
based SCSI processing, capable of optimizing stoaagess. Data is processed in band by an appliespiecific processor called Data Path
Processor (DPP). The control commands and infoomatie processed by a dedicated Control Path Rmrc@SPP). To deploy FC-WA in the
SAN, both the initiator and target devices mustlivectly attached to a Storage Services Module.

Fibre Channel Write Acceleration
FC-WA minimizes storage latency and improves thalmer of application transactions per second ovay ltistances. It increases the distance of
replication or reduces effective latency to imprpeeformance during synchronous replication.

The improved performance results from a coordineféatt performed by the Storage Services Modubalido the initiator and the Storage Services
Module local to the target. The initiator Storage\ices Module, bearing the host-connected inttiigport (HI-port), allows the initiator to send
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the data to be written well before the write comdhaas been processed by the remote target, an@ahT8ansfer Ready message has had the time
to travel back to start the data transfer in taditional way. The exchange of information betwdenHI-port and the disk-connected intelligent

port (DI-port) allows the transfer to begin earliean in a traditional transfer. The procedure realse of a set of buffers for temporarily storing t
data as near to the DI-port as possible. The irdtion between the Hl-port and DI-port is piggybatke the SCSI command and the SCSI
Transfer Ready command, so there are no additfe@alVA-specific frames traveling on the SAN. Dattegrity is maintained by the fact that the
original message that states the correct execdigknside of the write operation (SCSI Status Gasdijansferred from the disk to the host.

Figure 2 shows the effect of latency in the comroatidon channel to the time taken to complete tBeoperation during a SCSI write operation.

The time added to the net execution time of theaijmmn is at least four times the trip delay betw#ee host and the disk, because of the transfer of
the command, the Transfer Ready message, theadtatdhe status. Figure 3 shows how FC-WA allowgitita to be sent on the line without

waiting for the disk Transfer Ready message tadnesferred all the way back to the host. To presdata integrity, the status message is not
emulated. Depending on the timing, the latency ddgethe communication time may be as low as twesi the trip delays, transfer of the
command, and transfer of status. Therefore theat@gelistance between the host and the disk carbedncreased by up to 50 percent.

Figure 2. Normal SCSI Write Operation
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Figure 3. SCSI Write Operation with Storage Services Module Cisco Solution Performance

SCSI Write with FC-WA
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Cisco MDS 9000 Family Storage Services Module perémce depends heavily on the traffic profile & 8CSI operation performed by the
specific application, on the performances of tloeagie system, and on the distance between thehdghe target disk.

The following factors can enhance the benefithef$torage Services Module:

« Larger transfer latency, or greater distances
Small SCSI writes
« Storage with low write latencies

« Larger percentage of writes than reads

It is clear from the preceding criteria that onltrensaction processing (OLTP) traffic with shartldast operations over long distances will benefit
the most, but the fact that the read-to-write petage is not favorable in OLTP applications mayrigtsthe total application throughput gain,
whereas a write-intensive application can benefitenirom FC-WA—in the range of 20 percent. To hightithe performance characteristics of
FC-WA, two sets of tests have been performed:

« Emulated SCSI traffic write only, optimized for higerformances from the disk. The performance aszéas been measured in terms of relative
increment in 1/0s per second (IOPS) and latency awistance of 100 km.

« OLTP traffic from an Oracle application; the perfance increase has been measured in terms ofiecliatrement of transactions per second.
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Both tests were performed accelerating the tréifiw between two EMC storage arrays running Symin&emote Data Facility (SRDF)
synchronous replication for multiple Remote Datailiig (RDF) pairs. Figure 4 shows the gain in IO&8I reduction in latency for emulated
SCSiI write traffic at 100-km distances. Figure bwh the transactions per second (TPS) gained f@raale application using FC-WA.

Figure 4. Percentage Gain of IOPS and Reduction of Latency
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Figure 5. Oracle OLTP Application Performance with FC-WA
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CONCLUSION

Using synchronous data replication as part of énless continuance plan can limit the distance betveata centers. As demonstrated by the
preceding test results, the Cisco MDS 9000 Fantibye§e Services Module can mitigate this disadygnthrough the use of FC-WA, which
significantly increases the distance between daigecs without affecting application performanclke Tisco MDS 9000 Family Storage Services
Module with FC-WA and its related intelligent feega enhances the flexibility and resiliency of bess-continuance solution.
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