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Abstract

The present-day challenge in the field of storage system architecture is the
prevention of data damage due to disk failure. RAID or Redundant Array of Independent
Disks is one of the most promising answers in improving the stability of storage systems
by creating a recovery and a backup system. It has an efficient access time working in
tandem with any hard disks in the system. Adjusting the technique in the tuning system
improves the fault tolerance of the storage system which has an impact on access time,
recovery and utilization.

This research introduces a simulation model to tune the effect of different factors
in terms of Access Time, Recovery and Utilization. This opens an avenue for comparing
the efficiencies of various factors which can be an initial point in building a real recovery
system.
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ABSTRACT

The present-day challenge in the field of storage system architecture is the
prevention of data damage due to disk failure. RAID or Redundant Array of Independent
Disks is one of the most promising answers in improving the stability of storage systems
by creating a recovery and a backup system. It has an efficient access time working in
tandem with any hard disks in the system. Adjusting the technique in the tuning system
improves the fault tolerance of the storage system which has an impact on access time,
recovery and utilization.

This research introduces a simulation model to tune the effect of different factors
in terms of Access Time, Recovery and Utilization. This opens an avenue for comparing
the efficiencies of various factors which can be an initial point in building a real recovery
system.
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2115 s 4 (RAID 4)
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2116 a5 (RAIDS)

Logical Disk

Writes require parity update.
Data can be read from

each disk independently.

A dedicated disk is required
for hot spares.

RAID 5 Disk Array

nwit 2-2 anntlaenssneasa 5 (Adaptec, 2005)
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duazdiagaann (INPUYOULPUL) waznisinflasmanui@amne faniwi 2-3

Logical Disk

Data iz striped across

RAID 1 pairs. Duplicate data
is written to each drive in
aRAID 1 pair.

Striping /

RAID 1 Array RAID 1 Array

RAID 10 Disk Array

nwit 2-3 annilmensszeasn 10 (Adaptec, 2005)
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ot 2-1 wheuifleudssansnnsessrunisausazazay (Adaptec, 2005)

RAID Level Comparison

Features RAID O RAID 1 RAID 1E RAID 5 RAID 5EE RAID 6 RAID 10 RAID 50 RAID 60
Minimum # Drives 2 2 3 3 4 4 4 6 8
Data Protection No Single-drive Single-drive Single-drive Single-drive Twa-drive Up to one disk | Up to one disk | Up to two disk
Protection failure failure failure failure failure failure in each | failure in each |failures in each
sub-array sub-array sub-array
Read Performance High High High High High High High High High
Write Performance High Medium Medium Low Low Low Medium Medium Medium
Read Performance N/A Medium High Law Low Low High Medium Medium
(degraded)
Write Performance N/A High High Low Low Low High Medium Low
(degmded)
Capacity Utilization 100% 50% 50% 67% - 94% | 50% - B8% | 50% - B&% 50% B7% - 94% 50% - B8%
Typical High end Operating Operating Data Data Data archive, Fast databases, | Large Data archive,
fpplications workstations, system, system, warehousing, warghousing, | backup to disk, |application | databases, file | backup to disk,
data |ogging, transaction transaction web serving, web serving, high availability | servers | servers, high availahility
realtime databases databases archiving archiving solutions, | gpplication solutions,
rendering, very | servers with | servers servers with
transitory data large capacity large capacity
| requirements requirements
a 1 H
212 Taeamadansaszuuan (RAID Topologies)
Disk) Disk:
1 2 4
oy - ——
- 3 -
- r L 4
Raid k. -
Controller -
1
b r
L F
- -
Dk Disk
n 1

ﬁ isk
1 4
Fy
L 4
Raid I
Coniroller [g—le tj ﬁ
! SBOD
— . Switch
Controller had
2

k4

i

nwit 2-5 Bunannsdessieuun SBOD (Chevalier et al., Dec 2004)
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szuusaiiunansidenderienenalad (Topology) anuguuuuganru (Courtney
& Chevalier, Feb 2005) 1&ur nnsidessianguiarviie wuan (Just a Bunch of Disks -
JBOD), msuiansenguaarnienszundanisvia uvea (Managed Bunch of Disks -

a

MBOD) sanand 2-4 uaznsifiansianguaadsaaszunainduie tnauan (SWitched

Bunch of Disks - SBOD) sisnnit 2-5 dsluaemeneladusn fdeidaduanslinmusie
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214 ilaqadeilsz@ansninaasssuuLsa

o

tladengalsz@ansninansaa (Intel, 2005) luiladenndnasialsr@nsninaesszuy

= a ' dg/
130 IPEINTEAZIDLAAIL

2141 wuusdsviaasidlesia (PCl Bus Bandwidth)

TladanisderiuAandinisanunazioudeyaainiiaeuatlinasaasirsaslaas (PC-

based Host Bus Adapter - HBA) lilgszuuisasesdsdayarmssunitdles Tessuudaie
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2142 awmassaudaya (Stripe Size)
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2143  dnsrdrusznineidinmsaudayaiufmdimsidautaya
(Ratio of Read versus Write Operations)
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1N M NI A A

2144 szeunsm (RAID Level)
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2145  {ruauaasian (Number of Disks)
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2.14.6 uwazwaslasAuuszuusa (RAID Logical Drive Cache)
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2147 uwezaasagn (Disk Cache)
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2148  amnsrdiuszninensinielayaluugNnuuLLa1IaY
(Ratio of Sequential versus Random Operations)
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216  daRawaauuian (Disk Errors)

arifanannluniadnfiedoys Aemmnisniliamnsneuazdaudeyals Tne
anuundefianannls 4 dszinn (Bairavasundaram, Goodson, Pasupathy, & Schindler,
2007) sisid

2161 anuiianaranuelsluiaawnad (Latent Sector Error)
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Errors)
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2163  anuBianaaluszuinanaudaya (Recovered Erors)
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88N ANEATINNT NG TIHANTNARBILLTFLUFUULLNLGN WIN19AINGN267HA0
dszuelanasnu e 1 uazisa 516 19% uaz 7% suans

suAseflFudseansauad Brain White (White, Ng, & Hillyer, Jan 2001) &
yinnnsneSeuifeudssdnsnineesssunisaidanfanatuuy SCSI (Small Computer
System Interconnect) fuszuuisaii\dannnafuuu IDE (Integrated Device Electronics)
nadnsTlEannnmageutszanawiudadliiiiuin fnduliunnunouGedniy
szuusnnldensanafuuy IDE azinewlfiSandnszuuisaildanfaaauoy SCSl usitn
duFansnuiuugu aginldszuusnidansanafuuy SCSI inulfiSandnszuvisni
e Sanaruuu [DE

muﬁ%ﬁﬂ‘mﬂgqmwgi@ﬁmiﬁ@um'@ uanani fluAdeinaadesiunis
UsuusiadmnsiiinesuaznisUsuuaeAnsrunisnaeulnsaiaef e ldszuuisndl
UssAngnmanntu lun n1sulfuusisrngesrunnisdafuuunien Weifinaansiialuns
aunazdaudayas (Courtney & Chevalier, Apr 2004) nnsiuussszuunisdatfiuuusise
ieannisfiandlasiaes (Courtney & Chevalier, Jul 2005) uaznsa¥rainiesiienidas
Uszifiulsz@ansnnaasszuunisdaiuuuugn (Y. Li, Courtney, Chevalier, & Ibbett,

2006)

222 UIRAIUNNSIETLULAIIADY
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a v A

sAdef drendunfiaadlunisaieuunsnaes ienaudiauyszanaan o
fiaaeing wddinunldaiessuuananslusddanisfauiiaunanalad (Topology) wu
SBOD uazuuu MBOD Taeld SPC-1 traffic aquan (Courtney & Chevalier, 2005) uas
than FlunemeassmananfeunnauRresanninenssuszunniedafudayatildne
welaguuy SBOD uazuun MBOD a4 IOmeter (Chevalier et al., Dec 2004) iteusns
nn3dnnistioyvmeaanlunislszifiuilsz@nsninaasinsinaaa (Protocol) nnsdedns
sz iy s finunldlunisuansnisinaussuniinauaudantnsnaes FC-AL
(Courtney & Chevalier, Jul 2005) uazsinunldlunnsanaasaniilnenssunisdpudayauu
Dash lumiaainanuan (Chevalier et al., Dec 2004)
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ugnanil senduafiaarinanldlunnsairesrunsaediflunnsdeuntsaeuse
n17ansm 11U sruunisaeusanladduiuannilnanssnaaniiames sﬁ@WﬁLLa‘fﬁgm?NLﬂu
faunuansalfinGewinanudnlalusnndnanssuneufiaimes nsansmiuadesiu
goananrieuiarlurnsinussssrusassandnunsss DLX Saldununmeiuduuaz
nsuamddLrssfenuuuAulad (Windows) fneesunadnifines lstulussuusrasuas
e3unuiarzuuanaadan 1y Hazards, Multi-cycle Operations, Scoreboarding (Strom &
Yemini, 1985)

e lunsldszuusnaes dunaldainsnddeildsruusnansnataiiuy
énlunsimunanrtngnssuaesfames uualinifdusulaeadfinuananisfinduam
109913587 M mpiaLussLLS 190 Tnagldaneudde luduunidainas International
Symposium on Computer Architecture (ISCA) uanslsifiudniinasdsrunsrasfisd

a o

atinasamdianiesas 28 1ewadseildsruusanludl a.a.1981 fufanay 90 lud
n..2001 (Skadron et al., 2003) Tnefirmnedanaduduiiselyl

223 uIKEMUNMTATINANNADARRDITAYA

Taawael uazanuz (Eisley, Peh, & Shang, 2006) Tsinawanisldeauinsinaanads
arsenaiesteyatuatlueietny iesanisiudeyaigndanlduieslumisaanada
s luniadindelddn Tnadnaanlilunataaisines lnsaiunsnanaainandnainis
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anudeyaling (Read Miss) e Sewidiewusu Write-Invalidate Protocol
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3.2  1ATAYNARIUTUASINTEULAIADY

nuideilldinTesdalunisa¥erszuusnaasuuunanladsaiiias (DES: Discrete

Event Simulation) #iasnsauansnanisinauluusiazduney iiensmaseaunugnsiees
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ﬂ’]iVﬂ\iqULLﬂzﬂ\l@@WﬁVIVLﬂ i\f]ﬂf‘lzlfﬂﬂﬁmﬂﬂixuuqqﬂﬂﬂLL@xLﬁ?'ﬂﬂNﬂmiﬂ] HTHURCERE AR

321 szuudraas (Simulation Modeling)

szuudnass (Marumgsith & Ibbett, 2004) #e mafingasnisldauny vieunu
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wananeaan 1w svuuliinanlunismeuduasiiluadngls andaednadu time-varying fu
time invariant vieszuviinisndAsuudacaavielsl wu static fu dynamic (2) anue
(State) e3uneidenlsvasisudsanusiiazgnimussielyd uenuileananiuznis

1
- 2 =

wendndanay vizaanuzfwanifludaszanniu 1w continuous state ~u discrete state (3)
erf (Functionality) Ae wanlunisvinauaesusdazieiduanndn i time-driven iy
event-driven wazaznasiimariduansnsaidusaunu wu descriptive fu prescriptive waz
analytic fu nUMeric uaz (4) nas4a (Randomness) esunadautsznauaesszuuiivnlfiia
nadendilian Tnedewlaviedsulsznevazgnidesilasiannmnaniasduuuugs
mistrasnanluszuusnaas (Simulation Clock) Ae anusfiuanseanunetig
dauau (Law & Kelton, 2000) tnendlusaudsluszuudnaesilsinaessansnass (Simulated
Time) lelunagni@aunanimlaeialy wu wesunsu (FORTRAN) vide @ (C) wanazgn
ansAlidunsnfimesinda (Input Parameter) wunifeafu deiu Tnealuaylis
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322 <danaAwisiads

suAseifdadensenduafiaad (HASE: Hierarchical computer Architecture
design and Simulation Environment) dwsuldeaanuuuuazaireszuuanans lnagiuisn
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panlng (Compile) uazsunisvinauaesszuuataas druniamyaassanswsiaa 6
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! ¥
=] !
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o
a8 UBITELLLIA
Command Pane: intcracts with HASE ‘Work Pane: ises the project hical view, Animation and full- made: plays the
internal to carry out the design, build, and the model's structural definition (EDL), and the model's imation of the si i jour read from
run simulation, layout description (ELF). | ﬂ]ctfweﬁlcrecmdedduringasimﬂaﬁonm.l
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Project Pane: lays out the structure of a Outpui Pane: displays the output of the Un-docked Parameter Box: Pop-up menu: configures
model and displays the model's parameters.  build, and run si i d the p 's values. the build options to be used.

nwit 3-2 annuandenvestsunsuigad (Marumgsith & Ibbett, 2004)
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HASE Component

Host
I RAID-PeT
r L llllL
RAID I File i
Controller -==-=4 Allocation
! Table i
| R U

D Rus |

| RAI

= ° - =
NINN 3'3 A0N1IALNTTNIAIULLAARILLLARLINTALAR ALY
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HASE Component

Host
RAID-PeT

RAID RAID | File |
Controller Controller |p----- 1 Allocation |
! Table !
T ettt ittt !
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RAID Bus |
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411  awsanaawsain (RAID-PeT Overview)
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Workload )
orkloa
Definition HASE
Animator< Execution

Trace File
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Workload Workload 1-Controller 2-Controllers
Generator Model Model
| RAID1 | | RAID1 | o Performance
Results
L 7
| RAID5 | | RAID5 |
RAID
Configuration
| JDK 1.5.0 | | gnu c/c++
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| Windows | | Mac OS |
N\ J
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nni 4-3 anmuasdesmesszuudnaaasain (RAID-PET Simulator Environment)
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412 szuustaawsaRnLLUAaulnsalaasLhe9

(Single Controller RAID-PeT Model)

Experiment
Result
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:’ _________ A
i File i RAID
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@ k@ A y A A A A y
A 4 A\ 4 A 4 A 4 \ 4 A 4 VL A 4
Disk Disk Disk Disk Disk Disk Disk Disk
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(Dual Controller RAID-PeT Model)

Experiment
Result
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RAID i File : RAID
Controller [--i Allocation &-- Controller
' table | i
e RAID-PeT :
INO)
A 4 A 4
RAID Bus
@ L@ A y A Y A A y
A 4 A 4 A 4 A 4 A 4 A 4 VL A 4
Disk Disk Disk Disk Disk Disk Disk Disk
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421 wlaunamsasrennudannaasuasdaya (Coherent Policy)

Invalid Write Exclusive

) &)

Read

Read_busy Read_ack
(-1)
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(Black Box Testing)

RAID-PeT
Input Output
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19197 4-1 nansmasnaanuANNYNABILEITTULRNABITALAN

Test Description Expect Results Actual Results
ID

Accessing Different Location

1 | Read after Write

Ctril Ctrl2 Ctril Ctrl2 Ctril Ctrl2

w fl R 2 |W fl R 2 |W fl cl R f2 cl

Wack f1 c2 Rack f2 c2

2 | Write after Write

Ctril Ctrl2 Ctril Ctrl2 Ctril Ctrl2

W fl W 2 |W fl W 2 |W fl cl W f2 cl

Wack f1 c2  Wack 12 c2

3 | Read after Read

Ctril Ctrl2 Ctril Ctrl2 Ctril Ctrl2

R fl R 2 |R fl R 2 |R fl cl R f2 cl

Rack fl c2  Rack f2 c2

4 | Write after Read

Ctril Ctrl2 Ctril Ctrl2 Ctril Ctrl2

R fl W 2 |R fl W 2 |R fl cl W f2 cl

Rack fl c2  Wack f2 c2

nseuazaudeyanaumisinaiulae disareuinsanady waneninsaiaed

o

vagassaannsndfedeyaliluseunaaaaiu (Cl) uasdinanaunduluseauiandall
(C2)
| ! = A > 2 o Y o -
dounsenunazideuiunudeyaifaaiulnelfisnaaunsaiaade nnaulnsaians
fiah 1 azvinnnadinfiedayalsnen (Cl) uazfinameundulusaunaidaly (C2) dawsnnau
Tnsa-1aassiag 2 azugasaniissaunauazidintdagyaluseunandaly (C2) uazfinanaw
naulusauaandaly (C3) wsilunsdinisdundenisdu snnaulnsaiaafvisgaunsn

Y KR v = [
dntedeyaliluseunanmeniy
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Test Description Expect Results Actual Results
ID
Accessing The Same Location
1| Read after Write
Ctrll Ctrl2 Ctrll Ctrl2 Ctrll Ctrl2
W fl R fl|W fl R fl|W fl cl
Wack  f1 2 R fl c2
Rack fl c3
2| Write after Write
Ctrll Ctrl2 Ctrll Ctrl2 Ctrll Ctrl2
W fl. W fl|W fl. W fl|W fl cl
Wack  f1 2 W fl c2
Wack f1 c3
3 | Read after Read
Ctrll Ctrl2 Ctrll Ctrl2 Ctrll Ctrl2
R fl R fl [R fl R fl |R fl cl R fl cl
Rack fl 2 Rack fl c2
4 | Write after Read
Ctrll Ctrl2 Ctrll Ctrl2 Ctrll Ctrl2
R fl. W fl [R fl. W fl |R fl cl
Rack fl 2 W fl c2
Wack f1 c3
RGBS
Cll = saneulnsaineisai 1 fl = "Inlfayaiiviie
Crl2 = uaneulnsawnediafi 2 f2 = Inddeyaiiaas
R = Ardanseudeya cl = seuaanisvned 1
W = Ardannduudeyn 2 = sauaINI9LT 2
Rack = mameunduniserudieys 3 = seuaneud 3
Wack = wameundunisdeudeys
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5.1 n1saanuuunIsNAAY
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511 anmwuwissanildluntsnaaas (Experimental Environment)

e N

2-Controllers Model

< RAID-PeT
HASE 1.4.1 HASE GUI (Animator)
JDK 1.5.0.12
Linux Fedora Core 6
Hardware

N\ J

A9 5-1 anwaadaunldlunmaaag

1
o

a s aa 1 a a k7%
N1InAaaINITIlAEitiadeninansenusalsc@ansninaasscuuien tagldszuy

218N Nndunauinanluuni dpvinTuaninuandenifneniu naiame AEuNTLY
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q

1
a

irrasmenfianaslinyaifiniaelscunanatiadumna (Intel) suimiasew Tuune (Celeron

Mobile) aanauga 2.0 Anzidand (Gigahertz) Ansamiaamauamandsdnaug 1.0 finglusd

(Gigabyte) uazlugausassensiuasliRnsszuulfiRnsaund fuillas weddu 6 (Linux

9

-8

Fedora Core 6) daunasuainldaiszuuanansie sanfuafiaad (§1989a1nuni 2)

wasdu 14.1 (HASE 1.4.1) sinemvumenlmaaiaian wesiu 1.5.0.12 (JDK 1.5.0.12)
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512 ilaqenBelszAnimwaasszuusa (RAID Performance Factor)

ANNNINLUNUTTUNIINN LN TR EN U sr AnT A naessruULIn anauleliiilu
anunga Mur (n) nauilaseidessudn (Performance Tuning Factors) Iaenadesri
anwuznisldauresuannaiedu asazlfilsz@niningege (1) nguiladasiuilss@nsnm
(Performance Enhancement Factors) damaniinasifisidinluluszuuisnazsinldszuui
Usz@nsnnluguaiuizanisdntdaya me/u?@ﬁmwmmmlummﬁﬁim%’@g@qﬁu
uaz (n) nguilagarinuua (Control Factors) dudunguilaseiiszuunesfiaimesaedld
109501 Ragniwualiaenadesiuszniisasiy

flad 8 sznsfidenansznuseszaninmassszuuisn (Intel, 2005) findnal4lu
unit 2 udarh aunsnauuniiuaiunguilade il

(n) nguiasefidaer/sum

1) aunrasunudesya (Stripe Size)
2) szsuism (RAID Level)
(2) nguiladenaduilsz@nsnm
3) weaaaslastuuszuuisa (RAID Logical Drive Cache)
4) waaaaspars (Disk Cache)
(7) nquitasaima
b) wuuinvaasiidlaia (PCl Bus Bandwidth)
6) ﬁmﬁmmmdwﬁﬁm’ﬁ@"]wﬁmﬂ@ﬁurﬁ‘h@%ﬂﬂ’ﬁ@ﬂuifmﬂ@
(Ratio of Read versus Write Operations)
1) auauaasdard (Number of Disks)
8) dmsndauszuinemisdntiedayauuuguiuwuusisy
(Ratio of Sequential versus Random Operations)
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513 amuanwuzaasmszau (Workload Characteristics)

De

o A

ANHUZNNILIUATNNNANHUNDU TN UEMFLUISE ARADNNIAINAN T DL
a7 dszinn (HsU, Smith, & Young, 2001) iluntszaruaingudesyasawlat (OLTP-
Online Transaction Processing) \dewneiae 5 anmournnazany uaznnszaruaIninnst
whauiauanssauzfian (TCP Benchmark) 2 nsvanu fe inusiiFauiauanssousian
wuud uazuuud (TCP-C & TCP-D) wgnaditinanmniznnszerwis 7 dszinnilunldlunng

G A o o~ = o y = 3 o v = o
nasasiiiafnazFauisunazdunagluunaasaarlunisdfedayan infiAasiu
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penait 5-1 (8),(b) nsauznnszenilunisdszuaana (HsU et al., 2001)

(@)

Trace Bank FinSvcs Insurance Retail TelecomA
Source Banking Financial Insurance Discount Telecom.
Corp. Services Firm Company Store Company A
Read Ratio (%) 90.6 90.9 84.8 86.9 85.9
# Objects 1,281 3,124 1,953 434 521
Data Size (MB) 53,079 10,064 38,095 72,188 197,422
Footprint (MB) 9,600 2,127 1,732 6,769 2,986
# Reference 35,916,414 15,664,004 20,648,874 38,646,360 13,072,916
Trace TPC-C TPC-D
Source TPC Benchmark C TPC Benchmark D
Read Ratio (%) 90.9 90.9
# Objects 101 192
Data Size (MB) 70,246 77,824
Footprint (MB) 13,267 51,580
# Reference 196,067,649 218,130,354

Anmurnnzeuwis 1 desianilazinliliduilssinnaulunimaaauiladends
Usz@ninn Tnenduiaonuuansaasdndouatdenisanuuaznisliaudeys 19n191in
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514 sadmAnilsz@nsaw (Performance Metrics)
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5141 1snedsluniadndedaya (Average Access Time)

A Y R 9 @ A ~ ' A o
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dszinmansansn A B C D
evamadi 1 Clock Rate (Hz) 66,000,000 66,000,000 66,000,000 66,000,000
Avg. Access (ms) 8.49 6.2 8.59 75
Avg. Access (cycles) 560,340 409,200 566,940 495,000
amaddedaya nansdndediesya (Fadaui)
FEALLTA UIAIA Tuszuudnaag
(Cycles) A B C D
100 5355 45.46 3320 46.00 40.16
ol 200 51.33 4358 31.83 44.10 3850
400 51.92 44,08 3219 44.60 38.94
800 50.86 4318 31.53 43.69 38.15
100 5781 49.08 35.84 49.66 43.36
B 200 54.22 46.03 3361 46.57 40.66
400 54.04 45.88 3351 46.42 4053
800 5295 44.95 3283 4548 39.71
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o . AaINSLEN e mslduszTamiraaiiad
szausa | awakoudaya . . — -
daya ansINsgAudaya Ay
a1 512 53.26 87.55% 90.46%
2048 30.31 93.42% 69.19%
178 h 512 56.42 23.10% 91.80%
2048 41.89 57.67% 73.62%
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A13197 4 uadnsnismaassdnsnisgusienislisudeyanazdnsnis]audeys

AngIduAIgINITETURaNSliswTays

ARsIEIUAIRINS . o w . P 2
. o - warlumsidnteiaya » — . nsldlsslamiuaaiian
STAULTA dszinnanszau AuURAMTAU Tngiade AngINTNAUTRYA o
daya

Scientific 69.78 57.23 87.94% 90.82%
a1 OLTP 88.58 52.58 87.95% 90.49%
TPC-D 97.8 42.30 87.67% 89.63%
Scientific 69.78 68.15 20.02% 92.17%
178 b OLTP 88.58 54.41 21.39% 91.63%
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Drive Interface

Failover from each storage processor to both Fibre Channel loops is possible.
Nominal Capacity 73GB 2Gb/s 146 GB2Ghb/s 300GB2Gb/s 500GB2Gb/s 73GB4

(10,000) (10,000) (10,000) (7,200) (15,000
Formatted Capacity* 677 GB 135 GB 272 GB 465 GB 677 GB
(520 bytes/sector, 1 MB = 1,048,576 bytes)
Form Factor 35" 3.5" 35" 35" 35"
Height 10" 1.0" 1.0" 1.0" 1.0"
Rotational Speed 10,000 TpPM 10,000 IpM 10,000 rpm 7,200 rpm 15,000 |
Interface Fibre Channel Fibre Channel  Fibre Channel Fibre Channel  Fibre Ch
Data Buffer 16 MB 32 MB 32 MB 32 MB 32 MB
Transfer Rates
Buffer to/from Media 59-118 MB/s 59-118 MB/s 59-118 MB/s 33-66 MB/s max. 93
SP to/from Buffer (max.) 200 MB/s 200 MB/s 200 MB/s 200 MB/s 400 MB
Access Time
Average Seek 47ms Read 4.7 ms Read 4.7 ms Read 8.5 ms Read 3.6msl
5.4 msWrite 5.4 ms Write 5.4 ms Write 9.5 ms Write 4ams\
Rotational Latency 3.00 ms 3.00 Ms 3.00 ms 4.17 ms 2ms

* Note: The FLARE® storage operating environment requires 33 GB of disk space on each of the first five ¢



76

NANUIN A
nsnaasdd 1-1
(n) imaesiu 1
ANOVA
Access Time
Sum of Squares df Mean Square F Sig.
Between Groups 32.885 3 10.962 .595 .624
Within Groups 516.284 28 18.439
Total 549.169 31
Multiple Comparisons
Access Time
Tukey HSD
0] J) 95% Confidence Interval
Command Command
Size Size Mean Difference (I-J) | Std. Error Sig. Lower Bound Upper Bound
100 200 2.21375 2.14702 .733 -3.6483 8.0758
400 1.62750 2.14702 .872 -4.2345 7.4895
800 2.68500 2.14702 .601 -3.1770 8.5470
200 100 -2.21375 2.14702 .733 -8.0758 3.6483
400 -.58625 2.14702 .993 -6.4483 5.2758
800 47125 2.14702 .996 -5.3908 6.3333
400 100 -1.62750 2.14702 .872 -7.4895 4.2345
200 .58625 2.14702 .993 -5.2758 6.4483
800 1.05750 2.14702 .960 -4.8045 6.9195
800 100 -2.68500 2.14702 .601 -8.5470 3.1770
200 -47125 2.14702 .996 -6.3333 5.3908
400 -1.05750 2.14702 .960 -6.9195 4.8045




() 19mazin 5

7

ANOVA
Access Time
Sum of Squares df Mean Square F Sig.
Between Groups 107.270 3 35.757 2.267 .103
Within Groups 441.563 28 15.770
Total 548.833 31
Multiple Comparisons
Access Time
Tukey HSD
0} ) 95% Confidence Interval
Command Command
Size Size Mean Difference (I-J) | Std. Error Sig. Lower Bound Upper Bound
100 200 3.59625 1.98558 .289 -1.8250 9.0175
400 3.77000 1.98558 .252 -1.6513 9.1913
800 4.86375 1.98558 .091 -.5575 10.2850
200 100 -3.59625 1.98558 .289 -9.0175 1.8250
400 17375 1.98558 1.000 -5.2475 5.5950
800 1.26750 1.98558 919 -4.1538 6.6888
400 100 -3.77000 1.98558 .252 -9.1913 1.6513
200 -.17375 1.98558 1.000 -5.5950 5.2475
800 1.09375 1.98558 .946 -4.3275 6.5150
800 100 -4.86375 1.98558 .091 -10.2850 .5575
200 -1.26750 1.98558 919 -6.6888 4.1538
400 -1.09375 1.98558 .946 -6.5150 4.3275




ANmeaaen 1-2

(n) 13mszsiu 1

ANOVA
Access Time
Sum of Squares df Mean Square F Sig.
Between Groups 21.780 4 5.445 1.092 .376
Within Groups 174.597 35 4.988
Total 196.377 39

8



Dependent Variable: Access Time

Multiple Comparisons

19

0] V]

95% Confidence Interval

Workload Workload [|Mean Difference (I-J)| Std. Error Sig. Lower Bound Upper Bound
Tukey HSD 1 2 1.24625 1.11675 797 -1.9645 4.4570
3 1.30125 1.11675 771 -1.9095 45120
4 1.74125 1.11675 .532 -1.4695 4.9520
5 2.21375 1.11675 .295 -.9970 5.4245
2 1 -1.24625 1.11675 797 -4.4570 1.9645
3 .05500 1.11675 1.000 -3.1557 3.2657
4 49500 1.11675 .992 -2.7157 3.7057
5 .96750 1.11675 .907 -2.2432 4.1782
3 1 -1.30125 1.11675 771 -4.5120 1.9095
2 -.05500 1.11675 1.000 -3.2657 3.1557
4 .44000 1.11675 .995 -2.7707 3.6507
5 .91250 1.11675 .924 -2.2982 4.1232
4 1 -1.74125 1.11675 .532 -4.9520 1.4695
2 -.49500 1.11675 .992 -3.7057 2.7157
3 -.44000 1.11675 .995 -3.6507 2.7707
5 47250 1.11675 .993 -2.7382 3.6832
5 1 -2.21375 1.11675 .295 -5.4245 .9970
2 -.96750 1.11675 .907 -4.1782 2.2432
3 -.91250 1.11675 .924 -4.1232 2.2982
4 -.47250 1.11675 .993 -3.6832 2.7382




() 19mazin 5

ANOVA
Access Time
Sum of Squares df Mean Square F Sig.
Between Groups 52.364 4 13.091 3.043 .030
Within Groups 150.585 35 4.302
Total 202.950 39

80



Dependent Variable: Access Time

Multiple Comparisons

81

0] V]

Mean Difference

95% Confidence Interval

Workload Workload (1-3) Std. Error Sig. Lower Bound Upper Bound
Tukey HSD 1 2 1.11250 1.03712 .819 -1.8693 4.0943
3 1.59000 1.03712 .549 -1.3918 45718
4 2.95500 1.03712 .053 -.0268 5.9368
5 3.01500" 1.03712 .046 .0332 5.9968
2 1 -1.11250 1.03712 .819 -4.0943 1.8693
3 47750 1.03712 .990 -2.5043 3.4593
4 1.84250 1.03712 403 -1.1393 4.8243
5 1.90250 1.03712 371 -1.0793 4.8843
3 1 -1.59000 1.03712 .549 -4.5718 1.3918
2 - 47750 1.03712 .990 -3.4593 2.5043
4 1.36500 1.03712 .683 -1.6168 4.3468
5 1.42500 1.03712 .648 -1.5568 4.4068
4 1 -2.95500 1.03712 .053 -5.9368 .0268
2 -1.84250 1.03712 403 -4.8243 1.1393
3 -1.36500 1.03712 .683 -4.3468 1.6168
5 .06000 1.03712 1.000 -2.9218 3.0418
5 1 -3.01500° 1.03712 .046 -5.9968 -.0332
2 -1.90250 1.03712 371 -4.8843 1.0793
3 -1.42500 1.03712 .648 -4.4068 1.5568
4 -.06000 1.03712 1.000 -3.0418 2.9218

*. The mean difference is significant at the 0.05 level.
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ANOVA
Sum of Squares df Mean Square F Sig.
Access Time Between Groups 1404.563 1 1404.563 54.984 .000
Within Groups 357.629 14 25.545
Total 1762.192 15
Recovery Between Groups .163 1 .163 2.098 170
Within Groups 1.091 14 .078
Total 1.254 15
NsMAABd 3
(n) 3mazsiu 1
ANOVA
Sum of Squares df Mean Square F Sig.
Access Time Between Groups 467.054 2 233.527 19.228 .001
Within Groups 109.308 9 12.145
Total 576.362 11
Recovery Between Groups 197 2 .098 153 .861
Within Groups 5.796 9 .644
Total 5.993 11
Utilization Between Groups 3.033 2 1517 .993 .408
Within Groups 13.745 9 1.527
Total 16.778 11




Multiple Comparisons

83

Tukey HSD
Dependent () RW  (J)RW | Mean Difference 95% Confidence Interval
Variable Ratio Ratio (1-3) Std. Error Sig. Lower Bound Upper Bound
Access Time 69.78 88.58 4.64250 2.46428 .199 -2.2378 11.5228
97.8 14.93000° 2.46428 .000 8.0497 21.8103
88.58 69.78 -4.64250 2.46428 .199 -11.5228 2.2378
97.8 10.28750° 2.46428 .006 3.4072 17.1678
97.8 69.78 -14.93000° 2.46428 .000 -21.8103 -8.0497
88.58 -10.28750 2.46428 .006 -17.1678 -3.4072
Recovery 69.78 88.58 -.01510 56747 1.000 -1.5995 1.5693
97.8 .26365 56747 .889 -1.3207 1.8480
88.58 69.78 .01510 56747 1.000 -1.5693 1.5995
97.8 27875 56747 877 -1.3056 1.8631
97.8 69.78 -.26365 56747 .889 -1.8480 1.3207
88.58 -.27875 56747 877 -1.8631 1.3056
Utilization 69.78 88.58 .33000 .87385 .925 -2.1098 2.7698
97.8 1.19250 .87385 .398 -1.2473 3.6323
88.58 69.78 -.33000 .87385 .925 -2.7698 2.1098
97.8 .86250 .87385 .603 -1.5773 3.3023
97.8 69.78 -1.19250 .87385 .398 -3.6323 1.2473
88.58 -.86250 .87385 .603 -3.3023 15773

*. The mean difference is significant at the 0.05 level.
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() 19mazin 5

ANOVA
Sum of Squares df Mean Square F Sig.
Access Time Between Groups 905.871 2 452.935 26.976 .000
Within Groups 151.115 9 16.791
Total 1056.985 11
Recovery Between Groups 13.656 2 6.828 241 791
Within Groups 255.093 9 28.344
Total 268.749 11
Utilization Between Groups 1.814 2 .907 .893 443
Within Groups 9.143 9 1.016
Total 10.956 11




Multiple Comparisons
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Tukey HSD
Dependent () RW  (J)RW | Mean Difference 95% Confidence Interval
Variable Ratio Ratio (1-3) Std. Error Sig. Lower Bound Upper Bound
Access Time 69.78 88.58 13.73000" 2.89746 .003 5.6403 21.8197
97.8 20.94750" 2.89746 .000 12.8578 29.0372
88.58 69.78 -13.73000" 2.89746 .003 -21.8197 -5.6403
97.8 7.21750 2.89746 .080 -.8722 15.3072
97.8 69.78 -20.94750' 2.89746 .000 -29.0372 -12.8578
88.58 -7.21750 2.89746 .080 -15.3072 .8722
Recovery 69.78 88.58 -1.37418 3.76455 .930 -11.8848 9.1365
97.8 1.23772 3.76455 .943 -9.2729 11.7484
88.58 69.78 1.37418 3.76455 .930 -9.1365 11.8848
97.8 2.61189 3.76455 773 -7.8987 13.1225
97.8 69.78 -1.23772 3.76455 .943 -11.7484 9.2729
88.58 -2.61189 3.76455 773 -13.1225 7.8987
Utilization 69.78 88.58 .53250 71269 743 -1.4573 2.5223
97.8 .95000 71269 413 -1.0398 2.9398
88.58 69.78 -.53250 71269 743 -2.5223 1.4573
97.8 41750 71269 .831 -1.5723 2.4073
97.8 69.78 -.95000 71269 413 -2.9398 1.0398
88.58 -.41750 71269 .831 -2.4073 1.5723

*. The mean difference is significant at the 0.05 level.
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