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To get the best performance from your array, you need to tune it to match

its workload.

AN 1/0 REQUEST STARTS at a hostrunningan
applicationor a senice, travelsthrough layers
of its operating systen to a host bus adaper
(HBA) and then hops throughthe SAN fabric
until it reachesthe storage subsystem When
the storag sulsystemrespondsthis courseis
rever®ed. This circuitous route offers plernty of
performancekilling bottlenecks, as wel
opportunites to optimize the perfoma
your storage subsywtem to providegbett

service for 8 1/0 commands.
I/O perfamance optimization |vitiw

¥ At runtime when the subsystemservicesits
assignedapgdications choicescan be made
or modifiedjfor cade options LUN-to-
controller finity,  applicatio-to-LUN
assignme d LUN-to-RAID group

m Warce uning starts with

Ing your hoss MO workloads 1/0O
racteristis such typical 1/0O trander
ength,read-to-write , randan-to-sequental
I/O ratio, /0O opgltions/sec,and megabyes

WORKLOAD MONITORING IS AN

ONGOING ENDEAVOR THAT SHOULD BE DONE
MULTIPLE TIMES BEFORE AND DURING

THE LIFE OF A SUBSYSTEM

SAN-attached arrays can occur at the
following three disinct times:

¥ Before the subsystm is purchasedwhen
choicesaboutdrives, interfacescacheand
data replicabn featues are made.

¥ At configuration time when choices are
maderelaedto RAID level, RAID segmert
and stripe size; which drives to use to
support a RAID group; which LUNs to
assignto a RAID group; as well as cache
options for the subsystem, RAID group
and/or LUN.
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read/secand written/sec needto be monitored
andrecordedAll datarecoveryandavailability
requiremerg must also be consideed.
Workload charactestics should measue
activity atthe 1/O subystemandnot just what's
driven by the application; a host's buffer can
often capure same /O activity and newer
present it to the subsystem. Workload
characteristis can also chang once a
subsystemis tuned to supportit. Workload
monitoring is an ongoing endeavorthat should
be done multiple times before and during the
life of a sbsysten.
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Workload montoring tools are availablefrom
a numberof vendos. For opensystens, EMC
Corp., Hitachi Data Systens (HDS), IBM
Corp., Sun Microsystems Inc. and other
vendors offer performance monitas as
standalone producs or bundled with thar
storage products. For mainfranes, resoure
measuremednfacility-based producs provide
performancedata. Same databasessuch as
Oracle and Microsdt SQL Sewer, offer
specialpurpose  peformance  monitors.
Operatingsystemssud as AlX, HP-UX, Mac
OS X, Red Hat Linux, Windows NT/Sener
2003 and others have speci&purpose
performancfactivity monitorsthat can display
this sort d informationon a hosbasis.

Some storage resoure managenent
applicatiors sudh as Compuer A
(CA) Internatonal Inc.'s BrightStor

performance statistics Lacki
opensystans admiristrator

Gatheringand memgin
all hostsgeneati
sufficient results or workload meauremaet.

From a subsytens perspective, mos
workloadsexhibit a time-dependat mixture of

activities; however, primary workloads
generally fall into the following three
dimensiors:

SEQUENTIAL VS. RANDOM:

¥ Highly sequatial workloadsrequirea high
degree of redand/omwrite activites.

¥ Highly random workloadsdemand a high
numberof readand/or write opeitionséec
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with no perceived pattern in the block
numbers acessed.

THROUGHPUT VS. TRANSACTION:

¥ High-throughput workloads acacess large
blocks of data and push multiple
megabyteslecor gigabytes/sedo or from a
subsystem

¥ High-transation or low-throughput
workloadsdemanda relatively high number
of small bbcks ofdatafrom a sulsystem.

LOW VS. HIGH READ-TO-WRITE RATIO:
rite workloads demand a

aunt of write adivity from

ree di#ensims.

hoye, for exanple,
guential, high-thro
Characterizedy a |
lots of video bein
avideo sewver
needs for hi
relativ
bei

aracterizedwithin
video produdion
ght have a high-
put workload thats
eadto-write ratio (eg.,
Itten). On the otherhard,
nmentmay exhibit similar
sequential/throghput, but a
readto-write ratio (lots of video
ag. Databae workloads are more
plex. Indices may be considered low
throughputand high random, and the readto-
write ratio can be high or low dependingon
updatefrequeny. Databasetable accessvaries
betweenwrite and read basedon the size of
rows, the frequencyof updatesand the amount
of ad hoc geries (egwential vs. radom).

Pre-purchase cosideration

Array performance optimization begins when
youre decding on configuration options and
before a purchaseis made. Lets start with
drives.

Disk drives come in a number of interfaces
(Serial ATA [SATA], Seriatattadied SCSI
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rune-up ups 10r arrays

1. Split a "hot" subset of LUNs across controllers and
multiple RAID groups.

2. Some applications are cache friendly (highly sequential)
and some aren't (highly random), and can adversely
affect each other when run on the same subsystem. If
available, use patrtitioning to isolate applications and
increase performance.

3. Make sure there are enough Fibre Channel pipes
between the host(s) and the subsystem to support the
workload.

4. If you have a high-throughput workload, your host bus
adapter transfer size should match or exceed the LUN's
segment size.

5. Array performance optimization begins when you're
deciding which subsystem configuration options to buy.

6. High-random with low-throughput workloads can get by
with today's SATA drives because transfer rates aren't
much of a concern.

7. Spreading the LUNs across a number of RAID groups or
a larger RAID stripe size (and therefore more spindles)
yields more balanced activity against all drive spindles.

8. For highly sequential, high-throughput and high-write
workloads, disabling write-back caching (enabling write-
through) can improve performance. In write-through
mode, write data bypasses the cache and goes straight

to the subsvstem's disk.
apacili v

[SAS] or Fibre Channel [FC]),

(gigabytes)and speads (rpm). Capacity is
typically include drives with performance
capacity points (73GB, 14
and at two or more spe
15,000 rmn).

Today, FC rules for high
throughput and any highly
sequentialworkloads where data
transfer is a dominant activity,
although some SATA vendors
may quibble with this statemenh
considering the new SATA
3Gb/sec trander rates. High-
random with  low-throughpt
workloadscangetby with todays
SATA drives becawse transfer
rages aren't much of a concern.
ver, highly random
adsneedfasterdrives tha

ly irrelevant to 1/O
e numberof spindlesisnt.

seekactivity), soif you havethe option,
y more spindes. For highly seguertial

High randon
drives. Thesedrives typically offer more I/O
per drive spindlethan lower rpm drives. High-
sequentialvorkloadscan probablyget by with
slower rpm drives because sequernial 1/0O
doesrt’ seek as much. For high-througtput
workloads, high rpm drives may offer higher
MB/sec transferratesthan lower rpm drives
but this often isn't an issue becauseeven
slower drives have enough bandwdth to
sustain typicd workloads. Faster drives
typically cost appioximately 50% more than
slowerdrives at similar capacitiesandinterfae
types, so price may be an additionalfactor to
consider.
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workloads, the number of spindles isnt a
concern because sauential /0O requires
minimal seekactivity. In any case,you must
ensuretha the setof spindlescan suypport your
minimumthrougtput requirements

Most /O subgysteans offer configuraion
options from two to 100 or more front-end
interfaces.This is mostly an availability and
connectiviy concern for highly rancom
workloads,but may be a real concernfor high-
throughput workloads. Those types of
workloadswill havehigh MB/secrates andyou
may needto overonfigure hostpathsto sustain
the workloal.
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Cache is another important prepurcha®
consideratia becaus it can have a major
impacton I/O perfamance.Highly sequetial

Configuring LUNs ard RAID groups
Most 1/0O subsysems map LUNs to spedfic
RAID groups andthe RAID level you useto

SOME CACHE SETTINGS MAY BE
SPECIFIED DURING CONFIGURATION
BUT MOST CACHE STEETINGS SHOULD BE LEFT TO DEFAULT
VALUES AND THEN TWEAKED AT RUNTIME
ONCE ACTUAL I/O WORKLOADS CAN BE OBSERVED

workloadsrequire lots of cachebecausehats
where most of the data will be read. Cacle
readahead algaithms try to predict I/O
requests by pre-stagng data into cactle.
However, cacheis a zerosum game; wien
something goes in, something else
bumpedout. The more cacheyou ha
more prestaged daa is maintai
performanceis improved by not
fetch datafrom disk. But cache
cheap and should be increase
application requires a larger

properly.

ache to run

mple,may require
h some cont

High write actvity, for
more cache because
write activity
clusteredcontmllers and cachedbefore being
written back to disk. These options will be
discussedmore later. Before purchasingan
array, you mustdetemine if youll usewrite-
back cachng and/or write mirroring, and then
size your cacle accodingly. In addition, on
some highrend sulsystems, asynchronas
remote mirroring of I/O activity consume
additionalcache On midrangesystens, remote
replicationtakesless cache,as dataand meta
dataaretypically held on disk only while being
replicated. Sometimes onboardreplication of
data(pointintime copes) usescacheto retan
updates wite the opy is active.
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supportthose LW@Ns affects performance Also,
' [ sysems LUNs are typically

rt severd RAID levds.
are typical, andRAID 5+0
) may alsobe available. The
leve is usually basedon the
eadto-write ratio and randomress.
h the write penalty for RAID 5 keeps
etting smaller, it still exists.For most highly
random, write-heavy workloads, it's probaly
wise to use RAID 1. For sequentiaworkloads
with low or high write activity, RAID 5 will

suffice becaiseseqiertial writes haveless of a
write pendty thanrandom I/O. Throughputisn't
a big factor when choosing a RAID level as
long as the stripe can sustainthe workload.
However,cost is a factor to consder: RAID 1
consumedwice the physical drive capaciy to
supporta LUN. RAID 5 canrequireanywhee
from 8% to 33% more physicaldrive cgpadty
to supporia LUN, depending on he stripesize

Most subsystens
RAID 5 andRAI
(or 50) and 1+
choice of
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Some subystems let you select the RAID
segmentor churk size. For high-throughpu
workloads,if you hawe a predictable trander
sizeyou cansetthe RAID segnentsize equal
to or greaterthan your transfersize and gain
someoptimization of 1/0 performance.RAID
stripe size is another parametertha sone
subsystermallow you to configureusing RAID
x+0 (or x0) levels. The +0 indicatesthat a
LUN canspanmore thanoneRAID grouwp. For
example,you havetwo RAID 5 groupswith a
three data and one parity drive corfiguration
usng RAID 5+0 with two RAID groups this
requiressix datadrives to supportthis LUN.
However, one RAID 5 group with six da@&a
drives and one parity drive can support it
equallyaswell. On some subsystms,a
group is spread acmoss all spindles |

level. Larger stripe size helps when
with "hot" LUNSs. Hot LUNs exhibit

activity than the typical in’
subsystemByYy spreadng the LU
acrossa number of RAID gr
RAID stripe sze (ard theref
you getmorebalancedacti
spindles.

ore pindley,
aganstall drive

Runtime perfo
Somecachesdtings may be specified during
configuraton, but maost cachesettings shoud
be left to default values and then tweakel at
runtime once actual 1/0O workloads can be
observed. Some subsystems have cache
settingsthat can be assignedto LUNSs, some
have cache setings only for the subsysten
level and others are somewherein betwea.
The cacheoptionsdisaussedater in this article
may notapplyto a specificLUN, butmayneed
to be specifid for higher LUN groupirgs
instead.

Write back vs. write through
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There are a number of ways to tune the
subsystencacheto optimize I/O performanc.
For high-write workloads, write-badk cachng
can be an effective technique to optimize
performance For highly sequentl, high-
throughputand high-write workloads,however,
disabling write-back caching (enablng write-
through) can improve performane. In
writethroudh mode, write data bypassesthe
cache and ges straifyt to the subysten's disk.

Another cacheoption is write mirroring, which
keepscontroler@in a clusterpair in synchwith

rite datahasto be
ller's cache.There

implications to
that need to be

| workload, read-ahead
or these workloads, it's
areadaheadcacheamount
equal to the data transfered
me it takesto performone dsk-read
on(for 15K rpm FC drives at 2Gh/sec,
IS could be 1.5MB to 3MB). Most highend
subsysters optimize this value in reaktime,
taking into consideraton current!l/O workload
characteristis and calee size.

For a highly seau
cachingis a m
importantto s
thats rou
durin

A few subsystes let you specify how much
cache to devoe to write activity vs. read
activity. These sdtings arerit neessaily
intuitive, but start with your overall subsysten's
I/O workload readto-write ratio and use the
read percentvs. the write percentas a startng
point. A better apprach for most workloads
may be to let the subsysten hardle this
dynamicaly, as write activity can be highly
time depement (nomal work vs. baclkup
activity).
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As discussed previously, LUNs may be
mappedo controllersandasyou monitor your
I/O workload, there may be some contoller
bottlenecks.Once you discoverwhich LUNs
are causingthe problems, move them to the
alternate contmoller to balancethe workload.
Some subystemgdo this automaitally.

In addition to write mirroring, there are other
data availablity, recovery and subsytan
featureissuesthat impact performance Many
subsytens offer some form of copy-on-write
technologythat cgiesa block whe it's written
to retain replication. This may cause evely
write to invoke multiple 1/0Os, so udng this
feature willimpactwrite performane. A

write 1/0 opemtion is held up until the datais
copied to the remote location. Dependng on
distanceandother network factors,this cantake
a considerableamount of time for eachwrite
operation. For asyrchronous mirrors, the
original I/Oisnt heldup.

As discussed,sone subsysters mitigate the
problem of "hot" LUNs autamaticaly or via
x+0 RAID group levels. If your subsystm
doesrt do this or you havenrt usel x+0 striping,
you may wish to,monitor LUN activity to seeif
there$ a particullar subsetdriving a majority of
your 1/O. If t the case,splitting the "hot"
subsetof LU sscontrollersand multiple

SOME APPLICATIONS ARE CACHE FRIENDLY
(HIGHLY SEQUENTIAL) AND SOME ARENG
(HIGHLY RANDOM). WHEN RUN TOGETHER ON THE
SAME SUBSYSTEM, THESE APPLICATIONS MAY HAVE AN
ADVERSE EFFECT ON ONE ANOTHER AND SLOW PERFORMANCE.

Asynchromus renote plication may
consumecacheon high,@fd subsystms and
backend bandwdth ongMidrangesubsyst
With highr '
typically retainedin the cacheuntil it's coped
to the remotelocation. For midrangesystems
datais quickly flushedfrom the cache and then
readback only asit's being copied to renote
subsysters. So for midrangesydems, remote
replicationdoes't consumelots of cacheputit
doesproduceaddtional backend /O activity.
In eithercase anythingthatconsumegacheor
bandwidth may impact overall sulsysten
performance

Using syndironots vs. asynchroous renote
replication can causeadditional pefformarce
hits. For syndironous mirroring, the original
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seque nd some arent (highly rancom).
n together on the same subsystm,
seapplicationsmay have an adverseeffect
on one anotherand slow performarme. Sane
subsysterm can be partitioned to isolate
counterprodctive workload combinatiors. The
partitioning splits one physical subsystm into
two or more logical subsysters that can be
dedicatedo suppat a specifc workload. Some
subsysters do this by dedicatinga portion of
cacheto a set of LUNSs. Others partition by
splitting up the entire subsytem-cache,
processorand dat paths.Yet anothermethod
is to splt the workload acraess multiple
subsysters.

In some cases,the fabric in front of your
subsystemmay be a performancebottlened.
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For heavy throughput workloads, make sure
thereare enaugh FC pipesbetwee the host(s)
and the subsytem to support the workload.
And remenber that HBA parametes needto
be in sync with your workload. If you havea
high-throughput workload, its HBA trander
size should matth or exceed the LUN's
segmensize.If the HBA transfersizeis below
the LUN's segmeat size, the workload won't
perform aswell.
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There are many ways to improve the
performanceof storag subsysters. Of course,
some subsysems may offer more alternatves
thanpresentechere and somearray controlers
automaticaly optimize some aspect of
subsystemperfomane such as how cade is
configured. Sophsticaed caching algorithms
have existedin the mainframearera for many
yearsandfor atleasta decaddor open systems.
The bottam line for performare tuning is
knowing your appication requirenents.
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