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SPC : storage performance council
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Storage Industry
Performance Experts

_ Results New Benchmark
Dissemination Development

Service and > Benchmark
Support Maintenance

Test Tools

Results Validation




SPC by

(as of July 2009)

s

3PAR Ine.
Atrato, Inc.
Austin Automation Center
— Department of Veteran Affairs
DataCore Software Corporation
DataDirect Networks
Dot Hill Systems Corp.
DST Systems, Inc.
Foundation for Research and Technology
— Institute of Computer Science
Fujitsu Computer Systems Corporation
Fusion-io, Inc.
H3C Technologies Co., Limited
Hewlett-Packard Company
Hitachi Data Systems
Hongik University
Huaweil Symantec Technologies Co._, Ltd.
IBM Corporation
Infortrend Technology, Inc.
Intel Corporation
Inventec Enterprise Svstem Corp.

EMC O] 7}¢l

I=ilon Systems, Inc.
Korea Advanced Institute of Science and

Technology

L3I Corporation

NEC Corporation

NetApp., Inc.

Omneon Video Networks
Pennsylvania State Unmiversity
Pillar Data Systems
SandForce, Inc.

Seagate Technology LLLC
Silicon Graphies International
Storwize, Inc.

Sun Microsystems, Inc.
Symantec Corporation

Texas Memory Systems, Inc.
University of California, Santa Cruz
Viohn Memory, Inc.

Xiotech Corporation

Xyratex Technology Limited

% Storage Performance Council

Defining, administering, and promoting industry-standard, vendor-neutral
benchmarks to characterize the performance of storage products



SPC specification

SPC 0| Aq{= SPC-1, SPC-2 specification =
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SPC-1

SPC-2

Random Workload
Dispersed small data
Database queries
OLTP

Relevant Industries
Retail
Financial

Governmental

Sequential Workload
Consecutive large data
Database table scanning
Video, streaming media

Relevant Industries
Media/Entertainment
Data Mining

Life/Physical Sciences
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SPC-1 dutH 11 ¥4l (IOPS)

Summary of Results

SPC-1 Results
Tested Storage Configuration (TSC) Name: HP StorageWorks XP24000 Disk Array
Metric Reported Result

SPC-110PS™ 200,245.73

SPC-1 Price-Performance $17 96/SPC-1 I0PS™

Total ASU Capacity 26,000 GB

Data Protection Level Mirroring

Total TSC Price (including three-year maintenance) $3,596,623

SPC-1 IOPS™ represents the maximum I/O Request Throughput at the 100% load point.

Total ASU (Application Storage Unit) Capacity represents the total storage capacity read
and written in the course of executing the SPC-1 benchmark.



SPC-1 ZIte D 4| (8%)

Storage Capacities and Relationships

The following diagram documents the various storage capacities. used in this benchmark,
and their relationships.

Application Storage Unit (ASU) Capacity S99 c
26,000.000 GB B B =
2813 8
ASU 1 AsU 2 ASU3 |1 |wl8le Data Protection (Mirroring) ~ |
11,700.000 GB \ 11,700.000 GB  [2,600.000GEo| 8|3~ 73.607.418 GB b
a2 (includes 47, 606.28 GB of Unused Stora B
; : : ,606. ge
4 Logical Volumes | 16 Logical Volumes| 4 Logical |~ a|2l : @
3.710.852 GB 3710.852 GB Vo s g 4!;. % and 1.141 GB of overhead/metfadaia) ;,lg
per Logical Volume per Logical Volume 790.274 GB| |9 | w
per LV || & &
ool = .
. h -
<—— Addressable Storage Capacity ——> % E; o
32,847.910 GB o @ g
o
€< Configured Storage Capacity >
147,214.836 GB
< Physical Storage Capacity >
150,528.000 GB
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Benchmark Configuration/Tested Storage Configuration Diagram

5C-1: HP StorageWorks XF24000 Disk Array

2565GE Cache, 20GB Shared Memoary
HES-1: IBM p5 585 Madal 8119 & Frontend Directors, & Backend Directors
24 - 165 Gllz POWERS CPU 1024 — 14666 15K RPM Drives
08 GB Memaory Microcode 60-01-44
G4 —4Gh FC Adapter
AlXEIMLA

(DAS)



L}a Figure 5-4: Summary of SPC-1 Tests

Primary Metrics Test

. Sustainability Test Phase: 3 hours. Throughput sustainability over time.
?_r_'rf TIOFPS Test Phase: 10 WMins., SPC-1 TOPS Metric.
Z | i Response Time Ramp Test Phase: Map the relationship between response time
o and throughput + produce the lightly load response time result.
AR s L |
5 % | Test Run: 10 Mins. 90% of Load Used for TOPS Result _i
o= i |£| | Test Run: 10 Mins. 80% of Load Used for IOPS Result ﬂ:

- £ [

% | Test Eun: 10 MMins. 50% of Load Used for IOPS Result ﬁi

- \&/ | Texifun 10 3ins. 100 o Lond SPCLRT TestMemo 1

Repeatability Test
Prove that maximum IO Reguest Throughput results are repeatable and reproducible.

Repeatability Test REun #1: Egual to or greater than 10 minutes.

Repeatability Test Run #2: Eqgual to or greater than 10 minutes.

INata Persistence Test (see Clause 6)
Demonstrate that the BC provides non-volatile/persistent data storage.
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I SPC-2 Reported Data
Sun Storage 6780 Array (RAID-6)
SPC-2 ASU Capacity Data
spPpC-2 MBPS™ Price-Performance (GB) Total Price Protection Level
4 675 50 555 25 14,042 731 258,320 Other (RAIND-6)
The above SPC-2 MBPS™ value represents the aggregate dafa rate of all three SPC-2 workloads:
L arge File Processing (LFP), Large Daz‘abase Quer}f (DY), and 'l.-".rde-::: Oy D‘erﬂand (WD)
SPC-2 Large File Frocesslng i_'LFP] Reported Data
Data Rate Num ber of Data Rate
(WMB/second) Streams per Stream Price-Performance
LFFP Composite 4 664 54 55 38
Write Only:
1024 KiB Transfer 3,209 27 48 66 86
256 KiB Transfer 3,194 12 45 5654
Read-Write:
1024 KIB Transfer 4 508.71 48 93 .93
256 KiB Transfer 4. 493 12 48 93 .61
Read Only:
1024 KIiB Transfer 6. 300 41 48 131 26
256 KiB Transfer 6,281 63 48 130.87

The above SPC-2 Data Rate value for LFP Composife represents the aggregate performance of alfl three L FFP Test
Phases: (Write Only, Read-Wite, and Read COnly).

SPC-2 Large Database tf.'!uery (LDQ) Reported Data

Data Rate Number of Data Rate
(B /'second) Streams per Stream Price-Performance
LD Composite 2,291.15 $48 28
1024 KiB Transfer Size
4 1/Os Outstanding 6 360 93 48 132 52
1 /O Outstanding 6. 272 04 48 130 67
541 KiB Transfer SiFze
4 1/Os Outstanding 2.580.89 48 7460
1 1O Outstanding 5 190 73 48 108 14

The above SPC-2 Data Rate value for LDQ Composite represents the aggregate performmance of the fwo LDCO)
Test Phases: (1024 KiB and 64 KiB Transfer Sizes).

SPC-2 Video On Demand (VOD) Reported Data

Data Rate Number of Data lRate
(WMB/second) Streams per Stream Price-Performance
4 010.82 5,100 o.ra S64 41
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Figure 6-4: Swuammary of SPC-2 Tests (continued)

[:% Large Database CQuery Test

Large Database Gheery 710354 FOB TRAMSFER SIFE Test Phase
- Testf Run Seguerrce 1

> Test Fuwn 1 — 4 Outstardirsg 1D Rlequests — maximormn mumibber of Sareams
= Test Fuwan 2 — 4 Outstardirsg 1O Requests — S0 of Test Fun 1's Soreams wvaluee
B Test Fuwn 22— 4 Outstarddirng 1O Requests — Z25% of Test Fun 1's Sfreams walue
B Test Fwn 2 — 4 Outstardireg 1 Rlequests — 12 5% of Test Floun 1's Sfreams wvalus
B Test Fuwun 5§ — 4 Outstardirg 1D Requests — simgle (1)) Streamm
? - Test Run Seqguerrce 2
-E’ P Test Fluwn & — T Outstaredimng LI Rlaequesst — meastirmeusmn mumibber of Streams
E_ B Test Fuwn 7 — 1 Outstardireg IO Rlequesst — 50% of Test Fun 8's Sireams walwe
e B Test Fuwn 2 — 1 Outstarddireg O Request — 25% of Test Fun 8's Streams walwe
E > Test Fwn & — 1 Outstaredireg 10 Request — 12 5% of Test Flun 8'=s Strearns wal s
E- B Test Fwn 10 — 1 Chatstanding O Reguest — singl= ([ 1) Stremm
ﬁ Large Database Gheery & HIE TRAMNSFHFER SIIFE Test Phase
= Test Foun Seguierrce 30
 Test Fwn 11 — 4 Chatstanding 1O Reguests — ma=imumm niurmnber of Streanns
> Test Fuwn 12 — 4 Chatstanding O Reqguests — 50% of Test Pun 11's Soreams wvalue
B Test Fuwun 12 — 4 Chatstanding O FReguest=s — 25% of Test Pun 11's Streams wvalwe
B Test Fuwn 194 — 4 Chuatstanding YO Reguests — 12.5% of Test Pun 11's Sareams wvalwe
> Test Fuwn 15 — <4 Chatstanding O HReqguests — single (1) Stream
"-l._ _ll.-' - Test Fun Seageeaerrce -
'l,. ."l B Test Fwn 16 — 1 Chatstanding 1O Reguwest — masdrnmum nuamibesr of Streaams
Y S P Test Fuwun 17 — 1 Chatstanding WO Reguwuest — S50% of Test Fum 185's Sfireamns walue
l'-. l|' B Test Fuwan 18 — 1 Chutstanding YO Reguwest — Z25% of Test Fum 15's Streams waluwe
l'l,. l." B Test Fwn 129 — 1 Chatstanding YO Reguest — 12 5% of Test FRun 18's Streams waluwe
l'. I-" B Test Fuwn 20 — 1 Chatstanding O FReguest — single (1) Stresm

WVideo On Demand Delivery Test

Test Fwurn 1 — maimurm mumiber of Streams

Dhata Persistemnce Test (see Clawse 7)

Test Fun 1 — D Regusst esascurticn
Bemnchrmark Condfiguraticon Power Ty cle
Test Fun & — Completed WD Reguest werfhcstiomn
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(I0 performance metrics)

IOPS (read, write & CIQ|AIH EMMN Y| S 2H)
MB/s (=E X 2| &)
TPS (Transaction per second: read, write, update

s o882 ETHMH N

Latency (response time)
Re|labl|lty (Qajraéﬂ% SESN QRS L= 28

between failure, 33 S0& Al2H2 2 Holg = US)

O
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47 A2 MTBF(Mean time
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Utl | |Zatlon(%'13 IS AIZtE E 4 MTTF (Mean Time To Failure, @3 4H)O 2 O 4 US)

O|= IOPS, MB/s=E =R 802 Z7H




IOPS,MB/s, TPS
+ 10PS (10/s) - X% 1/0 N2| 7% (SPC-1)

QMo = random A2 =E9| [/OE NiE|st= Siﬂ'; H 7}

« OLTP (online transaction processing) O =2|#| 0| M I:1|O|E1 H[O| A, D1|°'
ANH => MgX o= 2K - 16K, micro benchmark - tool O Iometer, L

bonnie ++ O1|)k1 =X

. MB/s (Throughput ) - X% Xe|gt = = 2F (SPC-2)
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£ 37| (data block size)

=
2= /=XI/d (I/0 mix of random or sequential access
patterns)

17|/227|H| & (balance of read and write operations)
=4 &+t (tool)

Z™A|AEH LMEEA (system configuration)

— Server conflgurat|on CPU, memory, HBA &5, L& LCIA3 &
2F Ol g

— EIﬁEL Cache
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« OLTP, random H|O|E{& A EZE|X|
- =& 3A7|: 4KB, 8KB (512B, 128KB)
- =928 0| E-mail, web, OLTP, ™ X}4 x|
- Z=QXNEAM: SPC-1
- =QMSX|&®: IOPS
- 5128 ¢ O 2145 FHO|DE CfS & 5128 Hstn YOLt HjE X

« Stream, sequential C|O|E|{& A EE|X]
— 22 37|: 256KB, 1024KB
- =238 0§: VOD, batch, back-up (SPC-3 draft)
— =QATEM: SPC-2
~ Z=QMLEX|E: MB/s
- =25 37| 255 208s U




Read/write H|=

- R WH|E 28
— Read only
— Write only
— Read: write = 0.5: 0.5
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5’8 E41(Tool)

. AEFK| MSEHET
— SPC OfM= Tool 0f Zalix= &M g Bls (B Z278?)

— IOMeter (Micro benchmark = EH| S 2HEH)
— Bonnie++ (Micro benchmark=EI| s%t=N)
— Postmark: Macro benchmark& (8832 1dist =X

= O 44 R/W, A 35)

« Iometer?} Bonnie++ = HIGQI EE & X=EZAN
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Windows (Windows Windows (Windows

LINUX (Cent 0S 5) 2003 Enterprlse) 2003

Enterprlse)

DL36OG5 e

|
- -7 |
|
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. - ~ ~ |
“Ethernet Switch = KVM Switch

T i s amm. . f FEitLeit 5

DS 200B Catalyst3750G 0S-9183
AN 2218 2UH
N7 Y, »
Storage Storage

ETERNUS3000

= == UTP Cable
- — KVM E& Cable

—— Fiber Cable J




SAN 7|2t SEA[ AR FE = At

SPC A= B A=z SEALAE 4
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SAN A2 X & CITHEBO[A 2|HA+E
Fastest HBA, server and FC interface

J

0x




=X xH QOoF Xa
-1 O =l L. -1 O
Random Sequential
Block Block
Tool ] Tool ]
size R/ size RAW
Head | write read write
(5:5) (5:5)
I AKB 256KB
Bonnie Bonnie
+ + + +
(micro) (micro)
SKB 1024KB
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