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2 O 2 ss s
5 = Jus] T O
5 : vy 0 T 3N
< 8 N T 10 Controllers
o 2] o £ o
o << €
& % 1 o < |[O
& ] a o =
£ ] = SRP Service
[ =
o Ry SRP S 000
] SRP Senice L
= & e
<
[&]
o 6
- o oo
- = /
1B QP i 18 Ports = 1B Links

3% 16 SRP °}71¥)4 ¢t Infiniband SRP¢] A##A|

- %7]AH(Initiator)

714 29 169 Zo] FAFo] k. A= By Ay AdEo] dE Ay
= A9 oHE (B Channel Adapter)7} Halthe] ¢xabm, 1 92 olHE A 3t
Verbs Z&Zulo]t] Zg}o]B](InfiniBand Access Interface)7} It} o] & A% 713 o
AE 7HA™, Verbs Z@&nfo|t]= RE o HE Hl oA xﬂ%’—?}ﬂr A o
oAl FAe AFeR vdrh Ad REeL ARz REvh azlelth. AY
B stdke] 9x8te] Verbs X zutolr] =glolje} a4 Hrth AMEA B g
s FaA Ad mE2 APl A AR FEdA 7R I de]a2ES Bt
SRP tjnlo]x =g}o]H|(SRP Device Driver)E SRP AMH|AE E}zlo] A WH7] $Jajr EA)
atm], SRP AH|2=5 W] 9sA o]Fojxiol & AES At SRP vjupo] 2~ =g}o]
W el dAx o] SCSI 77150 A W& elE gl SCSI v]E4loli= SRP tjuto] 2~ =2folH
el f1xIg. AAl AEste WHEol Ao FEe AFEEeth

-E}7 (Target)
E}Al& SRP A8 A5 AFst= Aot} A A dox &
= I o] sttt 27|A ek v AR dvyilE it A5
AE7L Aapeko] 9A%th SRP ERAS Quyui= ol =
ek, 1eja ¢lo] 591 ZTYYdS SRP TEEZO| Bt 3/ dte]
A712 dAzH. 4=9 A)711/0 Controller)= A2 SCSI =
t} SRP sl & A< o] (encapsulation)¥ o] =2g 298 SRP E}A|

- %J
oqft oL
o K
-4

¢ ooX

rlo

&

o

—

o

lo

[k xo
0
ke
i ﬁ
o
i
P
[

il
2{ ]I
fo
rlr

i\
My X % gt 2 o

o

_4

N

N
o &
o 2
2 o
(M ot
to @
M Ll

>

o W o
ol
O

)
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¢ o] A (decapsulation)ate] Y& Aoj71= Wr7|H 2w SCSI A FXo A5z HHo
7F e SRP Muj2e 7[ERAom Au/Ide|dE RS stal dvh kARt vy
e 725 7H7] ol AEdes 2 vhs o gl

SRP AMuj2E 7|24 ow Wiols dA o A4S stal oA &aA oz T
glo] Eole WS ARSRY. &, Hle7|H o oflETL dojuAl A B2 5] 879
ot Ffoll Aol Hal, AdE fFv AR SRP AHAlA ¢le] 5o AYE §H
ok

3.2 Mellanox SRP MTD1000¢] A%

Mellanox”7} Storage Networking World 200404 A A3F ela vl = & =X
MTD 1000 SCSI 3t= tj=aE Hd 157074 g47ks3, Linux 9 A Al Dual
3GHz Xeon CPUE A}&-3tt}, PCI Express A5 AF&3to] 10G ¢luydl= HCAS &2
=1 PCI-X Bridge® %3] SATA st=tj2a7F A48t (14 17).

MTD1000
based on SuperMicro’s SC933T o c '
server platform I 2 il Dual 3GHz
Xeon
CPUs

Host/Initiators
w! InfiniBand HCAs

10Gb/s

1% 17 Mellanox MTD1000 ¢}7] €1 =)

- InfiniBand vs Fibre Channel Max Data
-] (W] ¢ = Throughput

Topshor Dink Targote | Mok Tt | decwmnn S pocibooion:. Flemte Bimbar | Tow Eoh| g
B s o

o 2 1000

-8 £ 800

i 600
.| i

in g 400
2z @

L — == g 0

Industry standard IOl\fTER benchm’uk Fibre Channel InfiniBand

3% 18 SRP¢}F FC A5 H|aL
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9 18 188 Mellanox AlelA AFAFS] Infiniband 7]¥F SRPS] 453 Fibre Channels
o] &% ~EA] UESLAS] Feg vlus] 2 zlo|th oo mEW Infiniband #77gA
EHEFE "zazkA] doly Aol 7] 800MB/secel ol&tt. WHH, FCe A5 0]
200MB/secell E3tstrtal veht gle, ¢4 ' 79 FCIA Roadmap ] AgellA]
(http://www.fiberchannel.org) A|AIg vie} o] 20061 @Al FC7I9k A= ZRE 9]
3%l 800MB/sec ¢ S Yetle AFS dvjTolnm A5 = FC2 SRPY
T4S 7Hel7] EThaL Kolol & Aol

8 Node InfiniBand Cluster 8 Node InfiniBand Cluster
with Fibre Channel Storage

with InfiniBand Storage

INERCONNECT TOTAL: $17,479 INERCONNECT TOTAL: $7,200
60% Cost Savings vs Fibre Channel Storage!
Fibre Channel InfiniBand
ASPiport (OEM)  # 3 ASP/port (OEM)  # 3
IBHCA & 500 8 § 4,000 IBHCA & 500 9 $ 4,500
IB Switch  § 300 B8 5 2400 IB Switch  $ 300 9 % 2700
FCHBA § 500 9 $ 4,500 FCHBA % 500 0% -
FC Switch $ 731 9 % 6,579 FC Switch $ I8 0% -
TOTAL $ 17,479 TOTAL $ 7.200

Does not included reduced cost and total cost of

Eibre Channel Pricing Source ownership (TCO) for simplified storage management
HBAs: JAN 19, 2004—“Emulex predicts ub-$500 Fibre Channel HBA<"

Switches: JUL 13, 2004 — “Fibre Channel Switch Market Enters Major Growth Phase as Organizations Build Out Their Storage Networlcs, Says IDC™
#860/port in 2003 minus 15%% cost reduction for 2004

W, 7HAY Al S A Infinibandi oAl SRPE AFE-3H= Zlo] doly Ad 7]

Bk ~EfX ZPERCT YR G838 Aoz nelth FCY A 71E UEYIY FrtE

T MEe] MEAAE THI=U = vl *&%‘ré}ﬂr. é}x]xﬂ—,

Infiniband®] 7-¢- SRP+=

Target tlujo]rt o}
=3

sEgelgor AY FsHuz SursaE E£FHE SRP

B
Hoy ol F7 WlE glo] 2EYA MEJAE ?’%%‘ T 3

4. SRP Mx| ¥ M=s H2E #i

4.1 Experiment Environment

Intel Xeon 2.80 GHz AB 41E& A}&sta gom, o] A 4= PCI-XE Al&3st+=

-15-



Topspin HCA 7}=% &tata glth. ZF Topspin HCA 7=+ 2709 physical port& 7HA]
3 e 7} =9 18 portE Mellanox SwitchS E38] AZd% o] v} 3o Heole}
Infiniband®}e] ASHIE €3] 49 A= Gigabit Etherneto 2 HAZAE o] 9

& 23 AdlE= Topspin HCA + Topspin Switch 8] E AFE38F 01}, o] 3 Topspin
HCA + Mellanox Switch & A}F&3tAl H %tk Topspin Switch®?t Mellanox Switch
Subnet Manager (SM)& *93l= W2le] th2t}. Topspin Switche] 7-$-(Topspin 120
Server Switch), 7L Feature & 3} = Intelligent switch with embedded subnet manager
E AFstn gl o] AL Infiniband specoll A E switchol] 25 o] 99 HCAES detect

5l management S-S S|FE subnet managerE 3k AW oA F3Ps|Fo]ol = AN

rir

2d], o] subnet managerE switchol embedded A =EolA Intelligent gateway’}
subnet manager®] 9&-& 54 Fr}

ek Mellanox SwitchE AF&-8FAl = WA], Subnet Managers A AToJoF it}
Z] 2ol = Topspin device driverol]+ Subnet Manager”} E&= o] X &S AHolg} AZ
Fo], OpenlBolA A&F3sF= device driver® AXstaxt 31 t). 349 OpenlB9
Infiniband device driver % subnet manager modules A X& 7%, thE moduleE#9
dependency #A|7F WAL, of B = glo] verbE H|E3E E 7)9] dependency’} EA|
3l moduleEWHS AEa|A] AA|e¢l=d A3 FAJAom AFHA ATt

a#H W ol Topspin device driverel] subnet manager module®] ¥3F o] S-S &7
stith ojm] AX|E OpenlBY moduleES E5F AASFAL Topspindl A  Al&3te
OpenSM= AF&3le] AHAH 02 Infiniband’} 2Hssles 22 o8 248S E& &g

AT

Serverl Topspin HCA

Mellanox Switch

[ @g8888 B ]

Server 2

Server 3

Server 4

13 19 Experiment environment
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4.2 Topspin & Mellanox Infiniband Device Driver

a8 20 € Infiniband® specolA Aol¥ Infiniband moduleE2] 7NEFA el 18 ojt},

Topspin device driver®t Mellanox Infiniband Gold Distribution(IBGD)E= =2
Infiniband specs WE11 Xk HCAS} Switch 18]3L device drivere] W% <l
ZEFAN 2 Aozg F=Hc AAZ 1 W FE9A3 implementations ¢l &
Ak st=gofe] HE FEWale 4 $ §low) device driver? 7d-$- Topspin device
driveri= source code’} F7/N5o] 9JA @t} Yrt, Topspin device driver?t IBGD<]
modules Z8&3A A& A5, AFHoR 5 Jré}xl FRIL, o]E HtFo R Wi AF

ol e Roleh 25 4 ek

o

=
=
5

A}
2l

£ o

| HPC ||Data Center| | Embedded | [Legacy| [Storage| Management|

HPC Apps IP.fLA.N Block .
| Storage 1B Admin Tools
& & +

‘Oracie RAC
IBM DBE2

Video
Communications
A

App Tier
SAP, Oracie

Benchmarks
A

User Access Layer

Sockets
Layer
TCP uDP ICMP
IP

IPolB

Access Layer (TeARl
Kernel Driver

HCA Hardware
I InfiniBand Fabric
3 20 Infiniband AA| T+
Topspin device driver
3709 rpm file® T4 5o i}
topspin—-ib-rhel4-3.1.0-113.1686.rpm -
topspin—-ib—-mod-rhel4-2.6.9-11.EL-3.1.0-113.ia64.rpm -
topspin—-ib—mpi-rhel4-3.1.0-113.1686.rpm — MPI

IBGD

7182221 device driver 2]°] J2]7}2] Administration Tool & #°] Al-&sta U},
ib-verbs-1.8.2-2.6.9_5.ELsmp.i386.rpm — verbs interface
ib—cm-1.8.2-2.6.9_5.ELsmp.i386.rpm — Connection Manager
opensm-1.8.0_1-2.6.9_5.ELsmp.i386.rpm — Subnet Manager

ib-ipoib-1.8.2-2.6.9_5.ELsmp.i386.rpm - IP over IB
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ib—dapl-1.8.2-2.6.9_5.ELsmp.i386.rpm - DAPL

ib-sdp-1.8.

2-2.6.9_5.ELsmp.i386.rpm — Socket Direct Protocol

ib-srp-1.8.2-2.6.9_5.ELsmp.i386.rpm — SRP

ibadm-1.8.1-2.6.9_5.ELsmp.i386.rpm — IB Admin Tools
mpich_mlx_gcc-0.9.5_mlx1.0.3-2.6.9_5.ELsmp.i386.rpm - MPI
mst-1686-4.3.1-2.6.9_5.ELsmp.i386.rpm — Mellanox Software Tools
pdsh-2.8-1.1386.rpm — PDSH

pdsh-debuginfo-2.8-1.1386.rpm

pdsh-recmd-rsh-2.8-1.i386.rpm

pdsh-rcmd-

ssh—2.8-1.1386.rpm

Topspin device driverol¥ SRP Targete] ¥3tEo] A &t} FH Mellanoxol| A+

SRP Targetg 37139 2™, Mellanox &3 o]%X|& %3] SRP Targete] ¥ H o]

o] =
AN -

IBGD w/ SRP Target®} 335 o] ¢l#] & IBGD w/o SRP Target & ® A2 IBGD7} Al

A

SEP Initiator SRP Target
o Linux OS i
Distribution SCSI Iniriator SCSI Target SCSI Initiator
Mid-Layer Mid-Layer Mid-Layer Linux
SRP Initiator InfiniBand SRP Target SCSI i
ver 0 Tver .
i Driver Gold-SRPT Driver Driver Distribution
InfiniBand Gold-SRFT InfiniBand InfiniBand SATA/SCSLFC
Driver Driver Device
InfiniBand _ InfiniBand-
HCA HCA

|y — T ™ GEEE

Storage Media

InfiniBand
Fabric

SRP Target(s)

%’ e

H H 8 e

SRP Initiator(s) InfiniBand

Fabric

AssEmie s A SRS AR TETEan | a1
-
o

InfiniBand Switch

13 21 SRP Target & SRP Initiator 7%
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4.3 IBGD SRP Installation w/o uninstalling topspin device driver

WA 7129 Topspin device driver ¥ SRP Target S A x]sl112}F 819 T package
Alololi= dependency’} AR E, IFEH o= IBGDY ib-verbE H|E3F EH 719

module F71A o2 Az 39t}

rpm —-ivh ib-verbs—1.8.2-2.6.9_5.ELsmp.i386.rpm
rpm —-ivh ib-cm-1.8.2-2.6.9_5.ELsmp.i386.rpm
rpm —-ivh opensm-1.8.0_1-2.6.9_5.ELsmp.i386.rpm
rpm —-ivh ib—dapl-1.8.2-2.6.9_5.ELsmp.i386.rpm
rpm —-ivh ib-srp-1.8.2-2.6.9_5.ELsmp.1386.rpm

Aoz FEEA FUTh VIS HAAH =

Aoz FHEY. (dAAM A

A 5, R"Es) & 4

hud

%

rr

Topspin device driver®} IBGD9] device driver’} &5

Ba) moky] WEo] AsHe Aede FAL 5 U

o]Ho| = dependencyE F-A|3}aL Topspin device driver $Joll B2 SRPYFS H X311
moduleS loaddl] ®gith 71 Axtes a9 22, 128 233 Zth dmesg 23, Topspin &
IBGD9 moduleEe°] AF&38F= Symbole] th27] &), SRPE Topspin device driver 9
oAl loadd + §1Att.

[rootBxeonS RPHS1# rpm -ivh ib-srp_target-1,8,2-2,6,9_5,.ELsmp,i386,.rpm —-nodeps

Freparing,.. SHHHHEHHEHHEHHHHHEHHEHHEH S . (1007 ]
1:ib-srp_target R R R [1003]

[root@xeond RPHSI#

[rootRxeonS RPHS]#

[FrootExeonS RPHS1# modprobe ib_srp_target

WARMIMG: Error inserting scsi_target (Alib/moduless2.6,93-5,.ELswmplkernel/drivers!

FATAL: Error inzerting ib_srp_target (/libfmoduless2,6,9-5,ELsmplkernel fdriverss

[FrootExeonS RPHS1# dmesg

13 22 SRP Target install A3}

[root@xeonS RPHS1# rpm -ivh ib-srp-1,8,2-2.6,9_5,ELsnp.i386,rpn —-nodeps
Preparing,.. HHHEHHEHHEHEHE HHH HHEHH R R (1003 ]
1:ib-srp HHEHEHE R e [1003]

[FootBxecnd RPHS]# modprobe ib_sep
FATAL: Error inzerting ib_srp (/lib/modulessZ2,E,9-9,EL=npskernel Adrivers/infinib
[FootBxecnS RPHS]# dmesg

18 23 SRP Initiator install 23}
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4.4 I1BGD Full Installation w/ uninstalling topspin device driver

A A3, IBGDZE A3t 2™ SRP Initiatorb

A= Topspin® device driver® EF
o mlers
S AT F AT

SRP Target 5% AAH o=z 253+

Topspin device driver A|#
rpm —e topspin—-ib-rhel4-3.1.0-113.1686.rpm
rpm —e topspin-ib—-mod-rhel4-2.6.9-11.EL-3.1.0-113.1a64.rpm
rpm —e topspin—ib—-mpi-rhel4-3.1.0-113.1686.rpm

IBGD A X
InfiniBand Gold Distribution (IBGD) Software Installation Menu

1) View IBGD Installation Guide

2) Install IBGD Software

3) Show Installed Software

4) Configure [PoIB Network Interface, IBADM Server, and OpenSM Server
5) Uninstall IBGD Software

6) Build IBGD Software RPMs

Q) Exit

Select Option [1-6]:2

Select IBGD Software

1) Typical (ib-verbs, ib—ipoib, opensm, ibadm and mpi)

2) Minimal (ib-verbs only)

3) All packages (ib-verbs, ib-ipoib, ib-cm, ib—sdp, ib—dapl, ib-srp, opensm, ibadm,
mpi, pdsh)

4) Customize

Q) Exit

Select Option [1-4]1:3
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The following compiler(s) on your system can be used to build/install MPI: gcc

Do you wish to create/install an MPI RPM with gcc? [Y/n]:

Following is the list of IBGD packages that you have chosen

(some may have been added by the installation program due to package
dependencies):

ib-cm

ib—dapl

ib-ipoib

ib-sdp

ib-srp

ib-verbs

pdsh

opensm

mpi_osu

ibadm

WARNING: This installation program will remove any previously installed IB packages

on your machine.

Do you want to continue? [Y/n]:

The default installation directory for IBGD Software is /usr/local/ibgd

Do you want to continue? [Y/n]:

Removing previous IBGD Software installations

SRP Initiator A%
1. bootA]9ll SRP initiatorE loadste= A A

vi /etc/infiniband/openib.conf
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# Start HCA driver upon boot
OWEOOT=yes

# Load IPolB
IPOIB_LOAD=yes

# Load USER ACCESS CH module
USER_ACCESS_CH_LOAD=no

# Load UDAPL module
UDAPL _LOAD=no

# Load KDAPL module
KDAPL_LOAD=na

# Load 5DP module
SDP_LOAD=no

# Load S5RP initiator module
SRP_LOAD=y=8
SRP_PERSISTENT_BIND=yes

# Load S5RFP target module
SRP_TARGET _LOAD=yes

18 24 /etc/infiniband/openib.conf

SRP_LOADE yes® A3 F&=rh

2. bootA] ol load3d}A] &2 AEfo A, loadstE =Y

modprobe ib_srp

3. AAA

modprobe -r ib_srp

SRP Target 2R
1. bootA]9l SRP initiatorE loadste= A A

SRP Initiator A3} H]5=g+

2. bootAl°l] load3d}A] &2 AEfo A, loadstE =Y

modprobe ib_srp_target

A A & &
[root@xeon3 ~ ]# fdisk -1

Disk /dev/sda: 73.4 GB, 73407900160 bytes
255 heads, 63 sectors/track, 8924 cylinders

Units = cylinders of 16065 * 512 = 8225280 bytes

Device Boot Start End Blocks

-22 -
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/dev/sdal = 1 3824 30716248+ 83 Linux

/dev/sda2 3825 4079 2048287+ 82 Linux swap
/dev/sda3 4080 8924 38917462+ 5 Extended
/dev/sdab 4080 8924 38917431 83 Linux

[root@xeon3 IBGD-1.8.2]# modprobe ib_srp
[root@xeon3 IBGD-1.8.2]# fdisk -1

Disk /dev/sda: 73.4 GB, 73407900160 bytes
255 heads, 63 sectors/track, 8924 cylinders
Units = cylinders of 16065 * 512 = 8225280 bytes

Device Boot Start End Blocks Id System
/dev/sdal = 1 3824 30716248+ 83 Linux
/dev/sda2 3825 4079 2048287+ 82 Linux swap
/dev/sda3 4080 8924 38917462+ 5 Extended
/dev/sdab 4080 8924 38917431 83 Linux

Disk /dev/sdb: 73.4 GB, 73407900160 bytes
255 heads, 63 sectors/track, 8924 cylinders
Units = cylinders of 16065 * 512 = 8225280 bytes

Device Boot Start End Blocks Id System
/dev/sdbl  * 1 8793 70629741 83 Linux
/dev/sdb2 8794 8924 1052257+ 82 Linux swap

4.5 Experiment Result

4.5.1. Bonnie

Bonniex= Z}7} putc(), getc(¢t &2 45 E3 /09 *4
2ot} Sizetw defaultql 100Mb= 33} 3T}

A9 Ax Write] A9l SRP7F NFSel| Hls] fxxoz F& AH%d Hom,
Localdl A9l &33% AsS BIdS #d 4 At whH Read®] 4 9o+ Local, SRP,
NFS7F 7o) HR@ Aed wBilon, 232 NFS7F 12 458 Bol7|e Ad. v 243

o1r

& %olH = Benchmark =

rE ki
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Bonnie®

ol

[e)
3] lozone® & Benchmarks 3] H.Qtth.

Hola gl

7o = w9 7Sk testod A, A7 sized] read, writeol thall testd|H 7]

a7 EASER, Ao v Jes Helva & 5 3tk Random

Write¢} »FE7FA 2 Local = SRP >> NES ¢] A5&

Sequential Output Sequential Input Random
Per Char Block Rewrite Per Char Block Seeks
Local 40105 280825 381400 43231 592123 37433.6
SRP 39970 280781 383391 43088 588861 37420.2
NFS 17502 29740 28443 44140 614015 3303.8
¥ 1 Bonnie 2% (K/sec)
4.5.2. lozone

2y7ke] A% Ay} Graphe
scaleo] ZFA tt27] wj&

= NFS9| A5+,

SRP, NFS, Local® A= vdatget. (2 ez nirt
scales T34 Hofof 3t}
Akl YA 8l Z# A, 1310727hA7F testd} AT,

4.5.2.1. Write
KB/sec
300000 .‘.;,.—__..;_.::—_,.___._
260000 34 *"bcﬂ'f#,.i:&
W] .
200000 II'llI""lm“"h
'l““"'l'l'l'.“ @ 250000-300000
150000 .“ W 200000-250000
100000 . .rf. O150000-200000
].[llllflr | 0100000150000
50000 4098 m50000-100000
0 128 @0-50000
% T
= T G 4 transfer
=+ B ST
— s @ g = size in KB
T
file size R %
in KB

1% 25 SRP Write
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1024

2048
4096
8192

16384
32768
65536
131072

16384
4096
1024

035000-40000
B 30000-35000
025000-30000
W 20000-25000
015000-20000
010000-15000
m5000-10000
00-5000

% 26 NFS Write

350000
300000
250000
200000
150000
100000

50000
0

g 3
A
N 5
e

4096
16384
65536
262144

4096
128

m300000-350000
O250000-300000
m200000-250000
0150000-200000
0100000-150000
m50000-100000
O0-50000

a4

27 Local Write
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5.2.2. Read

700000
600000
500000
400000
300000
200000
100000

®m600000-700000
O 500000-600000
W 400000-500000
0 300000-400000
0200000-300000

4096
B 100000-200000
0 128 @ 0-100000
o X o
— prd ™ B <
© 8 =
Al
9 28 SRP Read
700000
600000
500000
400000 L >~ ' i B 600000-700000

@ 500000-600000
W 400000-500000
0300000-400000
0200000-300000
®m100000-200000
16384 00-100000

<
a ¥ o
S o 2 o ¥ w© 4
- & 29 © 5 ©
T 5 @ o
) ~ ~
© J v 3
- & v
© =
™
o

1% 29 NFS Read
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700000
600000
500000
400000
300000
200000

100000

0
<

©
© 3 o
al o Y o

Oooom
1—q_mlo
© v

©

4096
128

262144

m600000-700000
@500000-600000
W 400000-500000
0300000-400000
0200000-300000
m100000-200000
O 0-100000

5.2.3. Random Read

18 30 Local Read

900000
800000
700000
600000
500000
400000

300000
200000
100000

<
N8 s 6
Oowmq-
@Lo1—
©
[aV]

W 800000-900000
O 700000-800000
®m600000-700000
@ 500000-600000
W 400000-500000
0300000-400000
0200000-300000
m100000-200000
O 0-100000

13 31 SRP Random Read
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@900000-1000000
W 800000-900000
0700000-800000
m600000-700000
0 500000-600000
®m400000-500000
0300000-400000
0200000-300000
®100000-200000
00-100000

<
©
S I & 9
o 8 o
- —
¥ ©

16384
32768
65536
131072

13 32 NFS Random Read

2000000

1800000

1600000 m1800000-2000000

1400000 B 1600000-1800000

1388888 01400000-1600000
200000 B 1200000-1400000
600000 B1000000-1200000

400000
200000

m3800000-1000000
0600000-800000

oo 128 0400000-600000
98 3o, 4 W 200000-400000
o [ap]
T s 88 I E0-200000
— © %
[Q\]

13 33 Local Random Read
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5.2.4. Random Write

900000
800000
100000 W 800000-900000
600000

ov -
500000 00000-800000

B 600000-700000
O 500000-600000
W 400000-500000
0 300000-400000
0200000-300000
®100000-200000
4 00-100000

400000
300000
200000
100000

<
® 3
™
Y]
© v
©

262144

13 34 SRP Random Write

@ 90000-100000
W 80000-90000
0 70000-80000
B 60000-70000
[ 50000-60000
W 40000-50000
0 30000-40000
0 20000-30000
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