
whichwhich requiresrequires datadata setssets toto bebe re-stagedre-staged whenwhen aa servserverer

comescomes backback online.online.

BothBoth thethe trtraditionaladitional approachesapproaches describeddescribed aboabovvee leadlead toto

servserverer andand storstorageage architecturesarchitectures thatthat areare outout ofof balance,balance,

wherewhere applicationsapplications areare stillstill notnot operoperatingating atat optimaloptimal

performanceperformance lelevvelsels andand thethe costscosts areare notnot acceptable.acceptable.

FlashFlash memorymemory hashas beenbeen lelevvereragedaged duringduring recentrecent yyearsears toto

addressaddress thethe applicationapplication performanceperformance problemsproblems discusseddiscussed

aboabovve.e. FlashFlash memorymemory offersoffers manmanyy benefits,benefits, includingincluding aa

silicon-basedsilicon-based mediamedia thatthat delivdeliversers datadata accessaccess atat vveryery lowlow

latencieslatencies andand isis non-vnon-volatileolatile ssuchuch thatthat itit doesdoes notnot loselose itsits

datadata whenwhen powerpower isis lost.lost. ItIt combinescombines manmanyy ofof thethe benefitsbenefits

ofof DRAMDRAM andand magneticmagnetic mediamedia inin aa singlesingle product.product. ThisThis isis

wellwell understoodunderstood inin thethe markmarketet todatodayy..

HoweHowevverer,, mostmost vvendorsendors hahavvee taktakenen aa 'bolt'bolt onon'' approachapproach toto

lelevvereragingaging thisthis technologytechnology forfor time-to-marktime-to-marketet reasons,reasons,

whichwhich isis sub-optimalsub-optimal inin termsterms ofof delivdeliveringering thethe fullfull

potentialpotential ofof flashflash forfor datadata accessaccess bandwidthbandwidth andand latencylatency..

Also,Also, asas usersusers areare findingfinding out,out, performanceperformance ofof flashflash storstorageage

oovverer eextendedxtended periods,periods, withwith realreal workloadsworkloads andand atat fullfull

capacitycapacity,, cancan bebe vveryery differentdifferent fromfrom theirtheir datasheetdatasheet

numbers.numbers. TTwowo suchsuch popularpopular butbut sub-optimalsub-optimal approachesapproaches

areare describeddescribed belowbelow..

ManManyy productsproducts simplysimply putput flashflash mediamedia inin aa trtraditionaladitional drivdrivee

formform factorfactor,, andand connectconnect itit toto thethe servserverer usingusing standardstandard

storstorageage interconnectsinterconnects suchsuch asas SASATTA.A. SuchSuch

implementationsimplementations dodo notnot fullyfully utilizeutilize thethe inherentinherent

performanceperformance ofof flashflash mediamedia inin termsterms ofof bandwidthbandwidth andand

accessaccess latencylatency..

Flash-basedFlash-based ApproachesApproaches

FlashFlash PPackagedackaged asas DiskDisk DrivDriveses

TheThe ApplicationApplication PPerformanceerformance ProblemProblem
DelivDeliveringering applicationapplication performanceperformance inin aa costcost effectiveffectivee

mannermanner isis aa challengechallenge forfor todatodayy's's enterpriseenterprise ITIT

organizations.organizations. MostMost applicationsapplications suffersuffer fromfrom hahavingving toto

waitwait longerlonger forfor datadata fromfrom thethe legacylegacy storstorageage

infrinfrastructure,astructure, eevvenen asas thethe computingcomputing horsepowerhorsepower

increasesincreases oovverer timetime withwith thethe advadventent ofof fasterfaster processorsprocessors

andand moremore corescores inin todatodayy's's datacenterdatacenter servservers.ers. TTrraditionaladitional

storstorageage dedevicesvices thatthat relyrely onon mechanicalmechanical spinningspinning mediamedia

cannotcannot kkeepeep upup withwith thethe performanceperformance andand throughputthroughput ofof

todatodayy's's CPUCPU architectures,architectures, lealeavingving applicationsapplications andand

processorsprocessors sittingsitting iidledle waitingwaiting forfor data,data, drivingdriving downdown

utilizationutilization lelevvelsels inin servservers.ers.

ThereThere areare sesevvereralal trtraditionaladitional methodsmethods thatthat areare lelevvereragedaged

inin todatodayy's's enterprisesenterprises toto addressaddress applicationapplication

performanceperformance problems,problems, butbut allall ofof themthem delivdeliverer lessless thanthan

satisfactorysatisfactory results.results.

StorStorageage throughputthroughput andand performanceperformance cancan bebe increasedincreased

bbyy addingadding moremore HDDHDD spindlesspindles toto eexpensivxpensivee storstorageage

arrarraaysys andand bbyy reducingreducing thethe amountamount ofof datadata tiedtied toto aa givgivenen

spindle.spindle. ThisThis isis calledcalled 'short'short strokingstroking''.. BesidesBesides thethe

increasedincreased directdirect costcost ofof thisthis approach,approach, thethe rrequiredequired

additionaladditional floorfloor space,space, powerpower,, andand managementmanagement oovverheaderhead

increaseincrease thethe costcost eevvenen furtherfurther..

AddingAdding moremore DRAMDRAM toto aa servserverer isis anotheranother approachapproach toto

thethe problem.problem. MoMovingving datasetsdatasets toto fastfast memorymemory reducesreduces

thethe needneed toto accessaccess slowerslower storstorageage mediamedia toto retrieretrievvee

applicationapplication data.data. ButBut thethe issuesissues associatedassociated withwith thisthis

approachapproach areare thethe eexponentialxponential costcost ofof memorymemory asas thethe

capacitycapacity grows,grows, andand thethe non-persistentnon-persistent naturenature ofof DRAMDRAM

TTrraditionaladitional ApproachesApproaches AreAre InefficientInefficient

AddingAdding StorStorageage

AddingAdding MemoryMemory

ViridentVirident StorStorageage ClassClass MemoryMemory
PPerformanceerformance WithoutWithout ComprCompromiseomise



formform factorfactor.. FlashMAXFlashMAX dedevicesvices rrangeange inin capacitycapacity fromfrom 300300

GBGB toto 1.41.4 TB,TB, inin bothboth SLSLCC andand MLMLCC typestypes ofof flashflash media.media.

TheTheyy hahavvee beenbeen designeddesigned fromfrom thethe groundground upup toto fullyfully

eexploitxploit todatodayy's's computercomputer architecturesarchitectures withwith manmanyy,, fastfast

CPUCPU corescores andand thethe PCIPCI ExpressExpress interconnectinterconnect busbus toto

delivdeliverer maximummaximum applicationapplication performance.performance. TheThe

accompanaccompanyingying softwaresoftware allowsallows applicationsapplications toto accessaccess datadata

storedstored inin thethe SCMSCM inin thethe mostmost efficientefficient mannermanner possible,possible,

farfar surpassingsurpassing trtraditionaladitional storstorageage protocolsprotocols andand

interconnects.interconnects. InIn addition,addition, FlashMAXFlashMAX dedevicesvices delivdeliverer

pperformanceerformance oovverer thethe entireentire lifetimelifetime ofof thethe dedevice,vice,

includingincluding whenwhen thethe dedevicevice isis atat nearnear fullfull oror fullfull capacitycapacity..

vFvFASAS standsstands forfor ViridentVirident Flash-managementFlash-management withwith

AdaptivAdaptivee SchedulingScheduling ,, whichwhich isis thethe ViridentVirident softwaresoftware

technologytechnology thatthat delivdeliversers thethe mostmost efficientefficient accessaccess toto flashflash

mediamedia forfor applications.applications. InIn additionaddition toto proprovidingviding optimizedoptimized

accessaccess forfor peakpeak performance,performance, vFvFASAS alsoalso includesincludes manmanyy

sophisticatedsophisticated techniquestechniques forfor ensuringensuring thatthat applicationsapplications

getget aa steadysteady,, sustainedsustained streamstream ofof datadata atat allall times.times. vFvFASAS

virtualizesvirtualizes thethe underlyingunderlying flashflash mediamedia toto presentpresent aa

standardstandard blockblock dedevicevice interfaceinterface ttoo applications,applications, withoutwithout

lelevvereragingaging inefficientinefficient storstorageage protocolsprotocols oror interconnectsinterconnects

resultingresulting inin unprecedentedunprecedented gainsgains inin applicationapplication

performanceperformance withoutwithout ananyy changechange toto thethe application.application.

FForor applicationapplication compatibilitycompatibility reasons,reasons, itit isis importantimportant toto

maintainmaintain thethe interfacesinterfaces associatedassociated withwith thethe diskdisk drivdrivee

worldworld ifif applicationsapplications areare goinggoing toto seamlesslyseamlessly taktakee

advantageadvantage ofof thethe benefitsbenefits ofof flash-basedflash-based storstorage.age.

HoweHowevverer,, vveryery fewfew comparcomparableable solutionssolutions hahavvee figuredfigured outout

howhow toto dodo thisthis effectiveffectivelyely withoutwithout incurringincurring thethe burdenburden ofof

trtraditionaladitional storstorageage interconnectsinterconnects liklikee SASATTAA oror SAS,SAS, whichwhich

pplaceslaces aa performanceperformance penaltypenalty onon thethe solutionsolution asas describeddescribed

aboabovve.e. ViridentVirident's's FlashMAXFlashMAX SCMSCM dedevicesvices presentpresent aa

trtraditionaladitional blockblock storstorageage vvolumeolume toto thethe hosthost soso thatthat

applicationsapplications cancan easilyeasily accessaccess itit withoutwithout realizingrealizing thatthat itit isis aa

differentdifferent typetype ofof media.media. ButBut thatthat isis wherewhere thethe similaritysimilarity toto

aa diskdisk drivdrive,e, andand diskdisk drivdrivee interfacesinterfaces ends.ends.

ViridentVirident vFvFASAS

Memory-likMemory-likee performanceperformance andand

HardHard DiskDisk DrivDrive-like-likee capacitiescapacities

FlashFlash 'Driv'Driveses'' onon aa PCIePCIe CardCard

AnotherAnother recentrecent approachapproach isis toto putput 'nak'nakeded drivdriveses'' behindbehind aa

storstorageage controllercontroller,, aggregatedaggregated onon aa singlesingle PCIePCIe card.card.

ThisThis alsoalso incursincurs thethe oovverheaderhead ofof hahavingving toto dealdeal withwith

storstorageage interfaces,interfaces, whichwhich areare optimizedoptimized forfor spinningspinning

mediamedia rratherather thanthan flash,flash, whichwhich isis moremore similarsimilar toto memorymemory..

InIn addition,addition, thesethese productsproducts lelevvererageage eexternalxternal processorsprocessors

inin orderorder toto assistassist withwith thethe heaheavyvy amountamount ofof processingprocessing

requiredrequired onon thethe card.card. TheseThese processorsprocessors runrun vveryery slowslow asas

comparedcompared toto thethe hosthost CPUs,CPUs, andand thereforetherefore decreasedecrease

performance.performance. TheseThese architecturesarchitectures areare aalsolso moremore errorerror

proneprone givgivenen thethe numbernumber ofof discretediscrete dedevicesvices thatthat hahavvee toto

allall workwork togethertogether,, usuallyusually fromfrom differentdifferent vvendors.endors. TheThe

dispardisparateate dedevicesvices thatthat mustmust interoperinteroperateate properlyproperly mamayy

includeinclude storstorageage controllers,controllers, RAIDRAID controllers,controllers, andand 3rd3rd

partyparty flashflash controllers.controllers.

FinallyFinally,, flashflash storstorageage delivdeliveredered asas standalonestandalone diskdisk drivdriveses

oror aggregatedaggregated onon aa PCIePCIe cardcard isis inefficientinefficient andand moremore

costlycostly toto manage.manage. InIn bothboth approaches,approaches, yyouou areare stillstill

presentedpresented withwith separseparateate drivdrives.es. TToo hahavvee aa singlesingle poolpool ofof

capacitycapacity,, yyouou hahavvee toto useuse 3rd3rd partyparty softwaresoftware RAIDRAID

solutionssolutions toto createcreate aa singlesingle hosthost vvolume,olume, oror choosechoose toto

protectprotect againstagainst failuresfailures usingusing softwaresoftware RAIDRAID protection.protection.

ThisThis addsadds additionaladditional oovverheaderhead andand reducesreduces performance.performance.

ViridentVirident's's uniqueunique approachapproach toto solvingsolving thethe applicationapplication

performanceperformance problemsproblems describeddescribed aboabovvee incorporincorporatesates

specializedspecialized softwaresoftware andand hardwarehardware thatthat combinecombine toto

implementimplement StorStorageage ClassClass MemoryMemory (SCM)(SCM) withinwithin thethe

servserverer.. ViridentVirident's's SCMSCM architecturearchitecture hashas beenbeen designeddesigned toto

tightlytightly integrintegrateate differentdifferent kindskinds ofof flashflash media,media, hardwarehardware

andand softwaresoftware toto delivdeliverer memory-classmemory-class performanceperformance withwith

storstorage-classage-class capacitycapacity andand persistence.persistence.

ViridentVirident's's FlashMAXFlashMAX SSCMCM dedevicesvices andand associatedassociated

softwaresoftware delivdeliverer performanceperformance withoutwithout compromise,compromise,

alongalong withwith HDD-likHDD-likee capacitycapacity inin aa vveryery compact,compact, univuniversalersal

TheThe ViridentVirident SolutionSolution ––

FlashMAXFlashMAX SCMSCM withwith vFvFASAS

ViridentVirident FlashMAXFlashMAX™™

StorStorageage ClassClass MemoryMemory (SCM)(SCM)
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vFvFASAS hashas beenbeen designeddesigned toto treattreat flashflash mediamedia muchmuch moremore

liklikee anan eextensionxtension ofof memorymemory,, whilewhile maintainingmaintaining aa

trtraditionaladitional blockblock storstorageage interfaceinterface forfor applications.applications. AllAll ofof

thisthis isis donedone withoutwithout lelevvereragingaging storstorageage protocols,protocols, storstorageage

controllers,controllers, oror storstorageage interconnects.interconnects. TheThe resultresult isis accessaccess

latencieslatencies underunder 20us,20us, whichwhich isis closercloser toto DRAMDRAM

performanceperformance thanthan storstorage.age. vFvFASAS allowsallows applicationsapplications toto

enjoenjoyy thethe benefitbenefit ofof aa newnew memorymemory tiertier duedue toto thisthis

optimizedoptimized accessaccess toto thethe media,media, wherewhere thethe FlashFlash performsperforms

asas aa StorStorageage ClassClass MemoryMemory (SCM)(SCM) dedevicevice rratherather thanthan aa

trtraditionaladitional storstorageage dedevice.vice. TheThe resultsresults areare clearlyclearly

demonstrdemonstratedated bbyy thethe abilityability ofof ViridentVirident's's FlashMAXFlashMAX withwith

vFvFASAS toto delivdeliverer oovverer 1.41.4 MillionMillion IOPSIOPS inin aa singlesingle low-low-

profileprofile cardcard –– thethe onlyonly productproduct inin thethe markmarketet capablecapable ofof

doingdoing so.so.

TheThe twotwo diagrdiagramsams belowbelow outlineoutline thethe differencesdifferences betweenbetween

thethe trtraditionaladitional 'bolt-on'bolt-on'' approachesapproaches toto lelevvereragingaging FlashFlash

mediamedia inin servserversers asas comparedcompared toto thethe ViridentVirident vFvFASAS SCMSCM

approach.approach.

FigureFigure 1.1. 'Bolt-On'Bolt-On'' approachapproach toto lelevvereragingaging FlashFlash ((onon thethe left),left),

whichwhich cancan bebe donedone onon aa PCIePCIe cardcard oror usingusing aa storstorageage slotslot

insideinside aa servserverer,, lelevvererageage aa lotlot ofof lalayyersers andand associatedassociated contecontextxt

switches,switches, whichwhich combinecombine toto kkeepeep thethe applicationapplication 'far'far aawawayy''

fromfrom thethe datadata inin performanceperformance terms.terms. ViridentVirident's's vFvFASAS ((onon thethe

right)right) proprovidesvides optimizedoptimized access,access, allowingallowing applicationsapplications toto

accessaccess flashflash moremore liklikee memorymemory thanthan storstorage,age, allall whilewhile

presentingpresenting aa trtraditionaladitional blockblock dedevicevice toto thethe

system/system/aapplicationpplication forfor applicationapplication compatibilitycompatibility reasons.reasons.

UnconditionalUnconditional PPerformanceerformance

SimplifiedSimplified ManagementManagement

ManManyy flash-basedflash-based storstorageage productsproducts onon thethe markmarketet todatodayy

delivdeliverer goodgood performanceperformance inin oneone dimensiondimension oror anotheranother,, butbut

notnot acrossacross all.all. InIn addition,addition, thetheyy willwill showshow significantsignificant

performanceperformance dipsdips whenwhen backgroundbackground flashflash maintenancemaintenance

taskstasks runrun asas wellwell asas drdramaticallyamatically decreaseddecreased performanceperformance

whenwhen capacitycapacity utilizationutilization isis high.high.

ViridentVirident's's FlashMAXFlashMAX withwith vFvFASAS delivdeliversers consistentconsistent

performanceperformance acrossacross allall applicationapplication workloads,workloads, asas wellwell asas

whenwhen thethe dedevicevice isis fullyfully utilized.utilized. FlashMAXFlashMAX withwith vFvFASAS

delivdeliversers applicationapplication performanceperformance whetherwhether itit isis peakpeak smallsmall

blockblock readread performance,performance, wherewhere aa singlesingle lowlow profileprofile cardcard cancan

delivdeliveerr oovverer 1.41.4 millionmillion IOPS,IOPS, oror sustainedsustained mixmixeded

read/writeread/write performanceperformance whenwhen thethe drivdrivee isis nearlynearly full.full.

vFvFASAS hashas sophisticatedsophisticated schedulingscheduling algorithmsalgorithms thatthat allowallow

flashflash managementmanagement taskstasks liklikee garbagegarbage collectioncollection andand

grooming,grooming, toto occuroccur withoutwithout impactingimpacting applicationapplication

performance.performance. InIn addition,addition, thethe FlashMAXFlashMAX cardcard lelevvereragesages

multiplemultiple hardwarehardware componentscomponents thatthat proprovidevide forfor aa widewide 'fan'fan

outout'' ofof operoperations,ations, allowingallowing hundredshundreds ofof operoperationsations toto bebe

carriedcarried outout inin parparallel.allel. TheThe resultsresults ofof thisthis architecturearchitecture areare

realizedrealized whenwhen thethe dedevicevice isis nearlynearly full,full, wherewhere allall competingcompeting

productsproducts willwill seesee significantsignificant performanceperformance ddeclines.eclines.

ViridentVirident FlashMAXFlashMAX withwith vFvFASAS delivdeliversers 2x2x higherhigher

performanceperformance thanthan comparcomparableable flashflash storstorageage solutionssolutions

whenwhen measuredmeasured atat nearnear fullfull capacitycapacity..

BesidesBesides delivdeliveringering maximummaximum sustainedsustained performanceperformance toto

applications,applications, thisthis architecturearchitecture alsoalso allowsallows ViridentVirident toto

delivdeliverer datasheetdatasheet performanceperformance numbersnumbers atat thethe advadvertisedertised

capacitycapacity,, whereaswhereas comparcomparableable solutionssolutions mustmust runrun inin

'performance'performance modemode'' whichwhich isis aboutabout 50%50% ofof thethe advadvertisedertised

capacitycapacity..

100%100% ofof thethe capacitycapacity aavailablevailable onon aa FlashMAXFlashMAX cardcard isis

aavailablevailable asas aa singlesingle hosthost vvolumeolume onon thethe servserverer withoutwithout

hahavingving toto lelevvererageage 33rdrd partyparty softwaresoftware RAIDRAID productsproducts toto

stripestripe acrossacross multiplemultiple drivdrives.es. ManManyy competingcompeting solutionssolutions

dodo notnot offeroffer thisthis capabilitycapability.. WithWith FlashMAX,FlashMAX, yyouou cancan hahavvee aa

singlesingle vvolumeolume presentedpresented toto thethe operoperatingating systemsystem upup toto thethe

formattedformatted capacitycapacity,, whichwhich isis currentlycurrently aa maximummaximum ofof 1.41.4 TB,TB,

dependingdepending onon thethe FlashMAXFlashMAX productproduct used.used.
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Flash-aFlash-awareware RAIDRAID

GlobalGlobal andand LLocalocal WWearear LLeevvelingeling

ViridentVirident FlashMAXFlashMAX adaptersadapters withwith vFvFASAS supportsupport flash-flash-

aawareware RAIDRAID forfor enhancedenhanced reliabilityreliability andand datadata aavailabilityvailability..

ThisThis featurefeature allowsallows thethe discretediscrete FlashFlash componentscomponents

includedincluded onon thethe cardcard toto bebe isolatedisolated asas separseparateate slicesslices toto

proprovidevide 7+17+1 RAIDRAID protection,protection, implementedimplemented inin aa flashflash

optimizedoptimized mannermanner.. TheThe flashflash modulesmodules onon aa cardcard areare

spreadspread acrossacross RAIDRAID groups,groups, allowingallowing forfor multiplemultiple failuresfailures

toto occuroccur withoutwithout disruptingdisrupting anan applicationapplication's's accessaccess toto thethe

data.data. ThisThis delivdeliversers continuitycontinuity ofof operoperationsations inin thethe eevventent

thatthat therethere areare failuresfailures withwith thethe flashflash mediamedia itselfitself..

ViridentVirident FlashMAXFlashMAX withwith vvFFASAS offersoffers globalglobal wearwear lelevvelingeling

toto maximizemaximize thethe lifetimelifetime ofof thethe flashflash media.media. Also,Also, datadata isis

relocatedrelocated toto otherother partsparts ofof flashflash thatthat areare less-usedless-used

whenewhenevverer needed.needed. MostMost ofof thethe 'bolt-on'bolt-on'' approachesapproaches thatthat

lelevvererageage 3rd3rd partyparty flashflash controllerscontrollers onlyonly dodo vveryery locallocal wearwear

lelevveling,eling, wherewhere thethe flashflash managedmanaged bbyy thethe individualindividual

controllercontroller (se(sevvereralal areare usedused onon eacheach card)card) isis wearwear lelevveled,eled,

butbut wearwear lelevvelingeling cannotcannot occuroccur acrossacross thethe entireentire dedevice.vice.

ThisThis makmakeses thesethese productsproducts susceptiblesusceptible toto 'hot'hot spotsspots'' aandnd

prematurepremature wearwear.. FlashMAXFlashMAX's's sophisticatedsophisticated wearwear lelevvelingeling

delivdeliversers maximummaximum lifetimelifetime ofof thethe flashflash media.media.
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ConclusionConclusion
TTodaodayy's's ITIT organizationsorganizations areare lookinglooking forfor solutionssolutions toto

applicationapplication performanceperformance problemsproblems inin orderorder toto remainremain

competitivcompetitive,e, reducereduce capitalcapital eexpendituresxpenditures andand reducereduce

managementmanagement andand operoperatingating costs.costs. InIn orderorder toto addressaddress thisthis

challenge,challenge, datadata centercenter architecturesarchitectures areare beingbeing re-designedre-designed

toto taktakee advantageadvantage aa newnew classclass ofof mediamedia toto acceleraccelerateate

applicationapplication performance.performance. AA newnew tiertier ofof storstorageage isis beingbeing

deplodeployyeded withinwithin servserversers asas aa result.result.

ViridentVirident's's FlashMAXFlashMAX SCMSCM withwith vFvFASAS offeroffer thethe bestbest price-price-

performanceperformance onon thethe markmarketet todatodayy,, duedue toto itsits

uncompromiseduncompromised performanceperformance acrossacross divdiverseerse wworkloadsorkloads

andand oovverer thethe entireentire lifecylifecyclecle ofof thethe dedevice.vice. InIn addition,addition,

FlashMAXFlashMAX offersoffers thethe highesthighest densitydensity productsproducts onon thethe

markmarketet todatodayy bbyy delivdeliveringering upup toto 1.41.4 TBTB inin aa lowlow profileprofile

dedevice.vice.

WhWhyy compromisecompromise whenwhen architectingarchitecting newnew applicationapplication

servserversers forfor performanceperformance bbyy lelevvereragingaging flash-basedflash-based

productsproducts thatthat dodo notnot delivdeliverer valuevalue inin allall dimensions?dimensions? WithWith

ViridentVirident's's FlashMAXFlashMAX SCMSCM withwith vFvFAS,AS, yyouou nono longerlonger hahavvee toto

compromise.compromise. TTodaodayy's's ITIT organizationsorganizations cancan nownow realizerealize

unprecedentedunprecedented gainsgains inin applicationapplication performance,performance, alongalong

wwithith unconditionalunconditional performanceperformance oovverer thethe entireentire lifecylifecyclecle ofof

thethe dedevice.vice. TheseThese benefitsbenefits areare rerevvolutionizingolutionizing thethe wawayy

leadingleading ITIT organizationsorganizations areare thinkingthinking aboutabout theirtheir futurefuture

servserverer andand storstorageage architecturearchitecture inin orderorder toto maximizemaximize

applicationapplication performance.performance.


