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The Application Performance Problem
Delivering application performance in a cost effective
manner is a challenge for today's enterprise IT
organizations. Most applications suffer from having to
wait longer for data from the legacy storage
infrastructure, even as the computing horsepower
increases over time with the advent of faster processors
and more cores intoday's datacenter servers. Traditional
storage devices that rely on mechanical spinning media
cannot keep up with the performance and throughput of
today's CPU architectures, leaving applications and
processors sitting idle waiting for data, driving down
utilizationlevels inservers.

Traditional Approaches Are Inefficient

There are several traditional methods that are leveraged
intoday's enterprises to address application
performance problems, but all of them deliver less than
satisfactory results.

Adding Storage

Storage throughput and performance can be increased
by adding more HDD spindles to expensive storage
arrays and by reducing the amount of data tied to a given
spindle. This is called 'short stroking'. Besides the
increased direct cost of this approach, the required
additional floor space, power, and management overhead
increase the cost evenfurther.

Adding Memory

Adding more DRAM to a server is another approach to
the problem. Moving datasets to fast memory reduces
the need to access slower storage mediato retrieve
applicationdata. But the issues associated with this
approach are the exponential cost of memory as the
capacity grows, and the non-persistent nature of DRAM
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which requires data sets to be re-staged when a server
comes back online.

Both the traditional approaches described above lead to
server and storage architectures that are out of balance,
where applications are still not operating at optimal
performance levels and the costs are not acceptable.

Flash-based Approaches

Flash memory has been leveraged during recent years to
address the application performance problems discussed
above. Flash memory offers many benefits, including a
silicon-based mediathat delivers data access at very low
latencies and is non-volatile such that it does not lose its
datawhen power is lost. It combines many of the benefits
of DRAM and magnetic mediainasingle product. Thisis
wellunderstood inthe market today.

However, most vendors have taken a 'bolt on' approach to
leveraging this technology for time-to-market reasons,
which is sub-optimal in terms of delivering the full
potential of flash for data access bandwidth and latency.
Also, as users are finding out, performance of flash storage
over extended periods, with real workloads and at full
capacity, can be very different from their datasheet
numbers. Two such popular but sub-optimal approaches
aredescribed below.

Flash Packaged as Disk Drives

Many products simply put flash mediain a traditional drive
form factor, and connectittothe server using standard
storage interconnects such as SATA. Such
implementations do not fully utilize the inherent
performance of flash media in terms of bandwidth and
access latency.
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Flash 'Drives' onaPCle Card

Another recent approach is to put 'naked drives' behind a
storage controller, aggregated on a single PCle card.
This alsoincurs the overhead of having to deal with
storage interfaces, which are optimized for spinning
media rather than flash, which is more similar to memory.
In addition, these products leverage external processors
inorder to assist with the heavy amount of processing
required onthe card. These processors runvery slow as
compared tothe host CPUs, and therefore decrease
performance. These architectures are also more error
prone given the number of discrete devices that have to
allwork together, usually from different vendors. The
disparate devices that must interoperate properly may
include storage controllers, RAID controllers, and 3rd
party flash controllers.

Finally, flash storage delivered as standalone disk drives
or aggregated ona PCle cardis inefficient and more
costlytomanage. Inboth approaches, you are still
presented with separate drives. To have a single pool of
capacity, you have touse 3rd party software RAID
solutions to create a single host volume, or choose to
protect against failures using software RAID protection.
This adds additional overhead and reduces performance.

The Virident Solution -
FlashMAX SCM with vFAS

Virident FlashMAX™
Storage Class Memory (SCM)

Virident's unique approach to solving the application
performance problems described above incorporates
specialized software and hardware that combine to
implement Storage Class Memory (SCM) within the
server. Virident's SCM architecture has been designed to
tightly integrate different kinds of flash media, hardware
and software to deliver memory-class performance with
storage-class capacity and persistence.

Virident's FlashMAX SCM devices and associated
software deliver performance without compromise,
alongwith HDD-like capacity in a very compact, universal
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formfactor. FlashMAX devices range in capacity from 300
GBt0 1.4 TB, inboth SLC and MLC types of flash media.
They have been designed from the ground up to fully
exploit today's computer architectures with many, fast
CPU cores and the PCI Express interconnect bus to
deliver maximum application performance. The
accompanying software allows applications to access data
stored in the SCM in the most efficient manner possible,
far surpassing traditional storage protocols and
interconnects. In addition, FlashMAX devices deliver
performance over the entire lifetime of the device,
including when the device is at near full or full capacity.

Virident vFAS

VFAS stands for Virident Flash-management with
Adaptive Scheduling,whichis the Virident software
technology that delivers the most efficient access to flash
mediafor applications. Inaddition to providing optimized
access for peak performance, vFAS also includes many
sophisticated techniques for ensuring that applications
get a steady, sustained stream of data at all times. VFAS
virtualizes the underlying flash media to present a
standard block device interface to applications, without
leveraging inefficient storage protocols or interconnects
resulting in unprecedented gains in application
performance without any change to the application.

Memory-like performance and

Hard Disk Drive-like capacities

For application compatibility reasons, itis important to
maintainthe interfaces associated with the disk drive
world if applications are going to seamlessly take
advantage of the benefits of flash-based storage.
However, very few comparable solutions have figured out
how to do this effectively without incurring the burden of
traditional storage interconnects like SATA or SAS, which
places a performance penalty on the solution as described
above. Virident's FlashMAX SCM devices present a
traditional block storage volume to the host so that
applications can easily access it without realizing thatitis a
different type of media. But that is where the similarity to
adiskdrive, and disk drive interfaces ends.
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VFAS has been designed to treat flash media much more
like an extension of memory, while maintaining a
traditional block storage interface for applications. All of
thisis done without leveraging storage protocols, storage
controllers, or storage interconnects. Theresultis access
latencies under 20us, whichis closer to DRAM
performance than storage. vFAS allows applications to
enjoy the benefit of a new memory tier due to this
optimized access to the media, where the Flash performs
as a Storage Class Memory (SCM) device rather than a
traditional storage device. Theresults are clearly
demonstrated by the ability of Virident's FlashMAX with
vFAStodeliver over 1.4 Million IOPSin asingle low-
profile card - the only product in the market capable of
doingso.

The two diagrams below outline the differences between
the traditional 'bolt-on' approaches to leveraging Flash
mediain servers as compared to the Virident vFAS SCM
approach.
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Figure 1. 'Bolt-On' approach to leveraging Flash (on the left),
which can be done ona PCle card or using a storage slot
inside aserver, leverage a lot of layers and associated context
switches, which combine to keep the application 'far away'
from the datain performance terms. Virident's vFAS (on the
right) provides optimized access, allowing applications to
access flash more like memory than storage, all while
presenting atraditional block device to the
system/application for application compatibility reasons.
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Unconditional Performance

Many flash-based storage products onthe market today
deliver good performanceinonedimensionoranother, but
notacrossall. Inaddition, theywill showsignificant
performancedipswhen backgroundflashmaintenance
tasksrunaswellasdramatically decreased performance
whencapacity utilizationis high.

Virident's FlashMAXwithvFAS delivers consistent
performanceacrossallapplicationworkloads,aswell as
whenthedeviceisfullyutilized. FlashMAXwithvFAS
deliversapplicationperformancewhetheritis peak small
block read performance, whereasingle low profile card can
deliverover 1.4 million IOPS, or sustained mixed
read/write performancewhenthedriveisnearlyfull.

vFAShas sophisticated schedulingalgorithmsthat allow
flashmanagementtasks like garbage collectionand
grooming,tooccurwithoutimpactingapplication
performance.Inaddition,the FlashMAXcard leverages
multiple hardware componentsthat provideforawide 'fan
out'of operations, allowinghundreds of operationstobe
carriedoutinparallel. Theresultsofthisarchitectureare
realizedwhenthedeviceisnearlyfull, whereall competing
productswill seesignificant performancedeclines.
Virident FlashMAXwithvFASdelivers 2x higher
performancethancomparableflashstorage solutions
whenmeasured at near full capacity.

Besidesdeliveringmaximumsustained performanceto
applications, thisarchitecturealsoallows Virident to
deliver datasheet performance numbers at the advertised
capacity,whereascomparable solutionsmust runin
'‘performance mode'whichisabout 50% of the advertised
capacity.

Simplified Management

100% of the capacity availableonaFlashMAXcardis
availableasasinglehost volume onthe server without
havingtoleverage 3rd party software RAID productsto
stripeacrossmultipledrives. Manycompetingsolutions
donotofferthiscapability. With FlashMAX youcanhavea
singlevolume presented tothe operatingsystemuptothe
formatted capacity, whichis currentlyamaximumof 1.4 TB,
dependingonthe FlashMAX product used.
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Flash-aware RAID

Virident FlashMAXadapterswithvFAS supportflash-
aware RAID forenhancedreliability and data availability.
Thisfeatureallowsthediscrete Flashcomponents
includedonthecardtobeisolated asseparateslicesto
provide 7+1 RAID protection,implementedinaflash
optimized manner. Theflashmodulesonacardare
spread across RAID groups, allowing for multiplefailures
tooccurwithoutdisruptinganapplication'saccesstothe
data. Thisdeliverscontinuity of operationsintheevent
thattherearefailureswiththeflashmediaitself.

Globaland Local Wear Leveling

Virident FlashMAXwithvFAS offers global wear leveling
tomaximizethelifetime of theflashmedia. Also,datais
relocatedtoother partsofflashthatareless-used
whenever needed. Mostofthe 'bolt-on'approachesthat
leverage 3rd party flashcontrollersonlydovery localwear
leveling, where the flashmanaged by the individual
controller (several are used oneach card) iswear leveled,
butwear levelingcannot occur acrosstheentiredevice.
This makesthese products susceptibleto 'hot spots'and
prematurewear. FlashMAX'ssophisticatedwear leveling
delivers maximum lifetime of the flash media.
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Conclusion

Today's IT organizations are looking for solutionsto
application performance problemsinordertoremain
competitive, reduce capital expendituresand reduce
managementandoperatingcosts. Inordertoaddressthis
challenge, datacenter architectures are beingre-designed
totakeadvantage anewclassof mediatoaccelerate
applicationperformance. Anewtierofstorageisbeing
deployedwithinserversasaresult.

Virident's FlashMAXSCMwithvFAS offer the best price-
performanceonthe markettoday,duetoits
uncompromised performance acrossdiverse workloads
andovertheentirelifecycle of thedevice. Inaddition,
FlashMAX offersthe highestdensity productsonthe
markettodaybydeliveringupto 1.4 TBinalowprofile
device.

Why compromise when architecting new application
serversfor performance by leveraging flash-based
productsthatdonotdelivervalueinalldimensions? With
Virident's FlashMAXSCMwithvFAS, younolonger haveto
compromise. Today's|T organizationscannowrealize
unprecedented gainsinapplication performance, along
withunconditional performance overtheentirelifecycle of
thedevice. These benefits arerevolutionizingtheway
leading I T organizationsarethinkingabouttheirfuture
serverandstoragearchitectureinordertomaximize
application performance.
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