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Which SSD has the best Performance?

...... it Depends.....

Was the test done at the File System or Device Level?
Was the Drive Preconditioned? If so, how?
Were the results taken at Steady State?
How much data was written?
Where was the data was written?

What data pattern was tested?

January 2012

What Test Platform was used to test the drives?
What Hardware/Software package was used?

Was the HBA bandwidth sufficient?

What type of NAND Flash is it?
What is the target workload? High Writes? High Reads?

Are there warranty life design issues?
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SSD Performance States - Normalized IOPS
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All NAND Flash SSDs Exhibit at least

3 Distinct Performance States:

“Fresh-Out-of-Box” (FOB)
“Transition”

“‘Steady State”

Steady State is the desirable test range.
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10PS vs Nomalized Capacity SSD Performance is HIGHLY

= MLC-A ====MLC-B ~==MLC-D ===MLC-E MLC-F ===MLC-G MLC-H ===SLC-A ~==SLC-B

Dependent on 3 Main Factors:

o= SLC-C =====SLC-D =====SLC-E SLC-F SLC-G SLC-H SLC-1 SLC-)

S——

\ VW vyw

40,000

o “Write History”
20000 “Measured Workload”

“Hardware/Software Test Environment”

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Normalized Capacity (X User Capacity)

The exact same SSD can produce dramatically
different results depending on these factors.
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SSD A: XSR (Cross Stimulus Recovery) Write H istory

====SEQ 1024 KiB ——SEQ 8KiB SEQ 1024KiB

Previously written data may have more impact on performance
SEQ 1024KiB SEQ 1024KiB than the measured |0 command

N
=3
=)

CaLypso

Measured Workload

The 10 Access Pattern (Block Size / Read/Write Mix) can

profoundly affect SSD performance - e.g. Large Block SEQ v
Small Block RND

Throughput (MB/s)

Hardware/Software
\ H/W S/W should minimally affect measurements - is there
mn,..e (Min.,.es;oo sufficient bandwidth and host processing resources to generate

the necessary 10 loads? How much software overhead is there?

PTS Numbering Convention - |0 Transfer Sizes and Alignment Reported in base 2 (eg RND 4KiB)
Transfer Rates & Amounts Reported in base 10 (eg MB/s or TGBW)

January 2012




File System Test

. Specific File 1O operations issued in the File System
05-10 Manager «  |0s targeted at the Device traverse the SW/HW Stack
File System - KERNEL . IOs are subject to cache, OS task switching & timing, driver
. MODE fragmentation & coalescing
Volume Manager DRI
Disk Class Driver VERS . Original 10 can be different at the Device level
Miniport Driver . Can lose 1:1 correspondence original IO & Physical Device 1O

Synthetic Device Level Test

* Applies a known and repeatable test stimulus

» Targets Block IO Devices (not File System devices)

1 . » Uses Specified Test Workloads (Access Patterns, Data Pattern)
_— /'k \ » Specifies LBAs allowed to be used (ActiveRange, AR Amount)
* Prescribes the Test Methodology

SNIA'
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|Os Traversing the SW/HW Stack - 7 Examples

NOTE: There will be a detailed webcast on
How IOs Traverse the SW/HW Stack
At a later date

January 2012 9



1. Cached File READ (or WRITE) I/O

NOTE: There is no R/W to SSD in this scenario
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2. “Read-Ahead” Caching I/O

05-10 Manager
Note: “Read-Ahead” caching I/O activity can occur:

separately from or

concurrently with application I/O operations.

January 2012 1



3. “Write-Behind” Caching I/0

05-10 Manager
Note “Write-Behind” caching I/O activity is occurs:

separately from and/or

concurrent with the application I/Os

Note Cached data is subject to loss in the event of a
power loss.
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4. “Fragmented File” 1/0 Operation

“Fragmented File” I/Os can occur for both

READ and
WRITE I/O operations

The number of

application I/Os may not correspond to
device I/O operations to storage.
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5. Split I/O Commands for Large Data Transfers

“Split I/O Commands” due to large data transfer sizes can occur
for both

READ and
WRITE I/O operations.

The number of

application I/Os may not correspond to
device I/O operations to storage.

January 2012



6. Concurrent Sequential Access |I/Os

RANDOM and SEQUENTIAL accesses are relative to

where the respective I/O operations are
performed/observed within the I/O stack.

ACTUAL ACCESS PATTERNS impacted by

Concurrent I/O operations
“fragmented file” I/O operations
Timing considerations and other factors

i |
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7. File System “MetaFile” /0 Operations

Metafile I/O operations e B L eeam --ccccT ==l

can introduce random access patterns to the device
when interspersed with the concurrent 1/O activity

January 2012
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5. Using PTS Reports to Understand SSD E
6. Using PTS Reports to Compare SSD Be
7. SSD Test Best Practices

8. Conclusion
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SNIA Solid State Storage Performance Test Specification (PTS)

PTS Enterprise ver 1.0

PTS-C PTS Client ver 1.0

Creating a Standard:
SNIA PTS-C & PTS-E Specifications

SNIA

Advancing storage &
information technology

Solid State Storage (SSS)
Performance Test Specification (PTS)

SNIA

ing storage &
fo mation technology

Solid State Storage (SSS)
Performance Test Specification (PTS)

Enterprise Client

Version 1.0 Version 1.0
s documact s bow, rwased and approued by o SNIA The SNIA beteves 22t the s Soun woasod s aoves by ha SNA. Tha SNIA eseres i o
MMWNMIM jos Sescnbed ratoly represant the MMW INd tIChrOkogies Sescnbed in Bes dOCUMent ScCur el represent the
SNIA goas and are umwawww Smn 'u- rovision should be '3 a3 870 ApCpNate fOr WIAGread dstrRaton quwwmu

10 MIp rwrww 5 wm ammm JAww 57 orgteadback
SNIA Technical Position
August 6, 2011
SNIA Technical Position
April 26, 2011
January 2012 18

« Based on Synthetic Device Level Test

» Standardized Preconditioning Methodology

» Specified Test Workloads - Enterprise & Client
» Test Hardware Specific

» Test Software Agnostic - Tool Req'’s Listed

» Standardized PTS Report Format

B
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PTS rev 1.0 Performance Tests

Test Description Purpose
WSAT Continuous RND 4KiB W from FOB, No PC FOB Performance Evolution over Time IOPS
IOPS Large & Small Block RND IOs at Steady State Steady State 10 Transfer Rate per second IOPS
Throughput Large Block SEQ R/W Data Transfer at Steady State Steady State Bandwidth Speed MB/Sec
Latency AVE & MAX Response Times measured at a single OlO Steady State 10 Response Time Latency mSec

Client TOPS (Linear) vs Total Gigabytes Written (Linear)

ise IOPS - ALL RW Mix & BS - 2D Plot Ciient Throughput - ALL RW Mix & BS - 2D Plot ise MAX Latency vs BS and R/W Mix - 3D Plot
soo00 o0 s s 0 s g3 —aian 50
[honny 417
100,000 ALYPSO) -
<000 CaLypso 400 C CALYPSO
CALYPSO 150 9000
000 10000 8000 -
z 300 7000 -
a 3263
9 2550 60.00
£ 30000 1,000 £
[ @ H g s
g g0 5 e
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20.00 /100
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50 "
Wi
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1 10 100 1000 10000
3 0/100 100/0 o
Total Gigabytes Written (GB) Block Size (KiB) W Block Size (KiB)
- -
.
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Calypso Reference Test Platform (RTP 2.0)

Hardware Software
Processor Single Intel Xeon 5580W 3.2 Ghz 4 core Operating System - Back End CentOS 5.6
Motherboard Intel 5520 HC Test Software - Back End CTS 6.5
RAM 12 GB ECC DDR3 Front End - GUI Chrome Browser
HBA 6 Gb/s LS| 9212-4e-4i Front End: OS, Database Windows 7 / MySQL

January 2012
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MLC-A Test Report
Summary Report Page - All Tests
i L Rev. | PTS 1.0
SNIA Solid State Storage Performance Test Specification (PTS) P Tof 26
N PTS10R tF t
Device Under Test SNIA SSS PTS Calypso LYPSO - e p o r o rm a
(bUT) Summary Report Systems, Inc. Systems
DEVICE INFORMATION TEST HARDWARE PLATFORM TEST SOFTWARE REPORT DATE S r! ' R p t P g
SERIAL NO. 0000-0000-FFFF SYSTEM Calypso RTP 2.0 SYs os CENT OS 5.6 Report 06DECI | u m m a e o r a e s
FIRMWARE REV. BFOI Motherboard/cpu | Intel 520HC / W5580 sw TooL g;'g";‘s’ Test Run g;gsocvﬁ
USER CAPACITY MLC 256 GB RAM 12GB ECC DDR3 SW Rev 1.19.10 . ezt Calypso
ponsor
DEVICE INTERFACE 6 Gb/s SATA Device Interface LSA 9212-e 6Gb/s HBA Release Nov. 201 | Auditor N/A
: — = « Summary Report - All Tests
Testing Summary: Tests Run
PTS-C TEST Purge | DP olo WIPC WDPC STEADY STATE Lists All Tests run on the Sa mple SSD
PC AR TEST AR AR AMT SEGMENTS 'WORKLOAD TIME/GB
7.0 WSAT - OPTIONAL | Sgur®? | anp | OIS e
o ] o ] wA ] WA [RoaeW] e Includes Key Set-up Information
PTS-C TEST Purge | DP oio WIPC WDPC STEADY STATE
8.0 |OPS - REQUIRED Security TC!1 PC AR TEST AR AR AMT SEGMENTS 'WORKLOAD ROUNDS Generlc Header Informatlon appllcable to AII
X - RND
Q Erase Qs 100% 100% 16 GiB 2048 10PS LOOP 2-6 Tests
PTS-C TEST Purge | DP olio WIPC WDPC STEADY STATE
THROUGHPUT - Security TC32 PC AR TEST AR AR AMT SEGMENTS ‘WORKLOAD ROUNDS
9.0 RND
REQUIRED Erase ap 32 100% 100% 16 GiB 2048 SEQ 1024KiB 1-5
PTS-C TEST Purge | DP olo WIPC WDPC STEADY STATE
10.0 LATENCY - SeE:IlrIty AND Tg II PC AR TEST AR AR AMT SEGMENTS ‘WORKLOAD ROUNDS
REQUIRED rase Q 100% 100% 16 GiB 2048 LAT LOOP a-8
Test Sponsor - Special Notes
ITEM NOTATION COMMENTS

January 2012

21

B
SNIA

Solid State Storage Initiative



MLC-A Test Report
Summary Report Page - IOPS

SNIA Solid State Storage Performance Test Specification (PTS)

Device Under Test

(DUT)

Rev. | PTS 1.0

Page | 7 of 26

SNIA SSS PTS
Summary Report

Systems, Inc.

Calypso

CaLypPso

Systems

DEVICE INFORMATION TEST HARDWARE PLATFORM TEST SOFTWARE REPORT DATE
SERIAL NoO. 0000-0000-FFFF SYSTEM Calypso RTP 2.0 sysos CENTOS56 | Report | 06DECII
FIRMWARE REV. BFOI Motherboard/cpu | Intel 5520HC / W5580 SwW TooL gf‘r'g":‘; Test Run glggglf
USER CAPACITY MLC 256 GB RAM 12GB ECC DDR3 SW Rev 11,10 s::::" Calypso
DEVICE INTERFACE 6 Gbls SATA Device Interface | LSA 9212- 6Gb/s HBA Release Nov. 2011 Auditor N/A

Test Description

Purpose

To measure RND IOPS matrix using different BS and R/W Mixes

Test Outline

PURGE, then apply preconditioning until Steady State is achieved according to the SNIA PTS

Preconditioning

PURGE followed by SNIA PTS prescribed WIPC & WDPC

Test Set Up
PTS-C TEST Purge DP olo WIPC ‘WDPC STEADY STATE
8.0 |oPS REQUIRED Security AND TC!H PCAR TEST AR AR AMT SEGMENTS 'WORKLOAD ROUNDS
) ) Erase aos 100% 100% 16GiB 2048 10Ps LOOP 2-6
Select Performance Data
RND 4KiB W RND 4KiB R RND 8KiB W RND 8KiB R
3,147 29,876 1,584 21,723

Test Sponsor - Special Notes

ITEM NOTATION

COMMENTS

January 2012
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PTS 1.0 Report Format
Summary Report Pages

+ Summary Report - IOPS Tests

Summary of Individual Test
Includes Summary Test Description
Includes Key Set-up Information

Select Performance Data Extracted
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Test Run Date: 11/14/2011 12:39 AM Report Run Date: 11/21/2011 04:12 PM
Client IOPS (REQUIRED) - Report Page

: . Rev.| PTS-C 1.0
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS)
Page 10of 6
Device Under Test VENDOR: SSD MODEL NO: TEST C
(DUT) I ABC CO. 0123 ABCD MLC256 SPONSOR ALYPSO
Serial No. 0000-0000-FFFF DUT Preparation Test Loop Parameters Steady State
Firmware Rev BFO1 Purge Security Erase  |REQUIRED: Convergence YES
Capacity 256 GB Pre-Conditioning Data Pattern RND Rounds 1-5
NAND Type MLC Workload . Tester's Choice: PC AR 100%
Device I/F | 6 Gb/s SATA | Independent S SIEY NI OIO/Thread (QD) 8 AR AMOUNT | 16 GiB
Test Platform| RTP 2.0 CTS 6.5 | Workload Dep. Full IOPS Loop Thread Count (TC) 1 AR Segments 2048
PTS 1.0 Report Format
Individual Report Page Headers Key Header Information

* Device & Test System

* DUT Preparation: PURGE & Preconditioning

» Test Loop Parameters: Data Pattern, OO in QD & TC

» Steady State: Convergence, Rounds, PC AR, AR Amount

* Required on Each Individual Test Report Page
+ Lists the Settings pertaining to the reported Test

.
SNIA
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PTSE. PTS: Tests Steps

Secure Erase, Sanitize, Format Unit,
other proprietary methods

Set Conditions

) sevcondrions ]

Set user selectable test parameters, such as
Active Range, Data Pattern, Demand intensity

Pre-Condition
Workload Independent

Workload Dependent

|

Reiterate loops until Steady State is reached,
or run to a prescribed maximum number of loops

Collect Data

Collect data from Steady State
Measurement Window

3 Generate Reports

Use standard report formats and include
required and optional elements

A
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PisE PTS-E IOPS: Steady State “Rounds”

Purge

WIPC:
2X SEQ 128KiB W

WDPC:

IOPS “Loop”

(7) R/W Mixes x

(8) Block Sizes

= 56 (1) Minute Tests

1 Round = 56 Minutes

January 2012

Block Size (KiB)

1024

512

256

128

64

32

16

0.5

0.25

Enterprise IOPS Block Sequencing

AURGE

R/W=100/0 R/W=95/5 R/W=65/35 | R/W=50/50

R/W=35/65

R/W=5/95

R/W=0/100

-

SEQ/128KB PC

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

10 8 6 4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56

Test Duration (Min)

25
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Test Run Date:

10/26/2011 01:14 PM

Report Run Date:

10/27/2011 09:37 AM

Client IOPS (REQUIRED) - Report Page

Rev.[ PTS-C 1.0
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) l
page]  1of6
Device Under Test g _ Calypso CA LYP
(DUT) SLC-K IOPS Test - REQUIRED Systems Tnc Syst§n‘1?

MLC-K 240 GB DUT Preparation Test Loop Par: ers dy State
S/N: 0000-0011-FFFF (Purge | Security Erase REQUIRED: Convergence[ YES
DUTI/F [ SATA 6Gb/s Pre-Conditioning Data Pattern RND Rounds | 14-18
SYS I/F |Ls19212-4edi ext. SAS Workload Tester's Choice: Active Range
Test HW | Calypso RTP | Independent Z2USEQLIZBKE 0OI0/Thread 16 PC AR | 100%
TestSW | CTSv6.5 |Workioad Dep.| Full IOPS Loop Thread Count 2 AR Amount | 16 GB

Client Steady State Convergence Plot - All Block Sizes
—+—BS=05KiB ~—@=—BS=4KiB ~—#—BS=8KB ~—®—BS=16KiB —#—BS=32KiB BS=64 KiB BS=128 KiB
4,500

4,000 j—t=

3,500 \_‘/\ Ca LYPSO
3,000 W
" 2,500
o
=]
2,000

1800 -\———‘\\N—k
1,000

500

January 2012

Steady State Convergence Plot —
IOPS

» Tracks Block Size IOPS by Rounds until Steady State
* (8) IOPS Block Sizes: 0.5, 4, 8, 16, 32, 64, 128 & 1024 KiB

Note Header Preconditioning & Test Loop Data
+ WIPC: 2X SEQ 128KiB

* WDPC: Full IOPS Loop

» Data Pattern: RND

+ 0l0: 32 (TC 16 x QD 2)

Reader can observe:

» The Effects of RND IOs after SEQ Preconditioning

+ If all Block Sizes are evolving to Steady State

+ If the tracking Block Size variable is trending or
fluctuating

» The IOPS value of any Block Size at any Round

B
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Test Run Date: 10/26/2011 01:14 PM | Report Run Date:

10/27/2011 09:37 AM

Client IOPS (REQUIRED) - Report Page

SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS)

Rev.[ PTS-C 1.0

Page| 20f 6

Device Under Test g _ Calypso CA LYP
(bUT) SLC-K IOPS Test - REQUIRED Systems Tnc Syst§n‘1?
MLC-K 240 GB DUT Preparation Test Loop Par: ers dy State
S/N: 0000-0011-FFFF (Purge | Security Erase REQUIRED: Canvergence| YES
DUT I/F | SATA 6Gb/s Pre-Conditioning Data Pattern RND Rounds | 14-18
SYS I/F [LSI9212-dedi ext. SAS Workload Tester's Choice: Active Range
2X SEQ/128KB
Test HW | Calypso RTP | Independent SEQ/E28 0OIO/Thread 16 PC AR | 100%

Test SW CTSv6.5 Workload Dep. Full IOPS Loop Thread Count 2

AR Amount | 16 GB

Client Steady State Measurement Window

—4=—|0PS == Average 110%*Average  =#==90%*Average  =#=Slope

4,500

4,000

CALYPSO

3,500 \

ystems

3,000 \\

n 2500

/

2,000
! o i~~—Y :
\ﬂ_v_ 4“*5—ﬁ_

1,500 —

1,000

500

16 17 18§ 19

January 2012

Steady State Measurement Window —
IOPS

» Tracking Variable by Rounds until Steady State
* |OPS Tracking Variable - RND 4KiB

Note Header Steady State Information:
» Steady State Convergence: Yes

» Steady State Rounds: 14-18

« PCAR: 100%

AR Amount: 16GiB

Reader can observe the:

» Behavior of Tracking Variable over Convergence
Rounds

* Rounds constituting Steady State Measurement
Window

Note: Throughput and Latency Tracking Variables
 PTS-C TP: SEQ 1024KiB in MB/s

« PTS-E TP: SEQ 128KiB /1024KiB in MB/s
* PTS-C & PTS-E LAT: RND 4KiB in mSec

B
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Client Steady State Measurement Window — RND/4KiB

il |OPS Average ====110%*Average ======90%*Average === =Slope
1,945
CALYPSO
Systems
1,845
1,745
wv —
o —_——
o —_—
~ 1,645 - —
’ —— — -
1,545
1,445
1,345
13 14 15 16 17 18 19
Round
Steady State Determination Data
Average IOPS: 1660.4
Allowed Maximum Data Excursion: 332.1|Measured Maximum Data Excursion: 143.3
Allowed Maximum Slope Excursion: 166.0|Measured Maximum Slope Excursion: 91.3
Least Squares Linear Fit Formula: -22.818 * R + 2025.525

January 2012

SS Measurement Window Calculation -
IOPS

Expands the 5 Round Steady State Measurement Window

Note Steady State Determination Data:

* 20% Max Data Excursion Bounds (2 dotted black lines)

» Average IOPS of 5 Rounds (solid black line)

» Least Mean Squares Linear Curve Fit (red line)

* 10% Max Slope Excursion of Curved Fit (dashed black
line)

Reader can observe the:

* “Quality” of Steady State Window

» Scale of IOPS for Window Round Variation

» Steady State Determination Calculations at bottom of

page

B
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MLC-A

PTS Test Report IOPS: Test Set-Up Pages 1-3

Test Run Date: 11/14/2011 12:39 AM Report Run Date: 11/21/2011 04:12 PM Test Run Date: 11/14/2011 12:39 AM_[ _ Report Run Date: 11/21/2011 04:12 PM Test Run Date: 11/14/2011 12:39 AM Report Run Date: 11/21/2011 04:12 PM
Client IOPS (REQUIRED) - Report Page Client IOPS (REQUIRED) - Report Page Client IOPS (REQUIRED) - Report Page
" Rev.[ PTS-C1.0 SNIA SSS TWG: Solid State Storage Test ification (PTS) Rev] PTS-C1.0 SNIA SSS TWG: Solid State Storage Performance Test PTS] Rev.] PTS-CL0
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) bage|  Lof6 Page| __20f6 g (PTS) Page| 3016
el VENDOR: SSD MODEL NO: TEST Device Under Test | VENDOR: SSD MODEL NO: TEST Device Under Test | VENDOR: SSD MODEL NO: TEST
(DuT) ABC CO. MLC-A 256 GB SPONSOR L!f;é,g (DuT) ABC CO. MLC-A 256 GB SPONSOR L\s(ﬁ:?n‘.? ABC CO. MLC-A 256 GB SPONSOR CAL!yPsérEs)
el o DUT Preparation e s Steady State SeristNo. | 0000-0000-F77F DUT Preparation Test Loop Parameters Steady State Serial No._|0000-0000 FFFF DUT Preparation Test Loop Parameters Steady State
BFOL Purge | Security Erase |REQUIRED: 2 YES BFOL Purge | Security Erase | REQUIRED: Ct YES 801 Purge | Security Erase C YES
= 356 GE Pre-Conditioning Data Pattern| RND Rounds 5 Copacity 256 GB Pre-Conditioning Data Pattern| RND Rounds 15 Gy 25668 Pre-Conditioning Data Pattern| RND Rounds, s
NAND Type mLc Workload Tester's Choice: PC AR 100% NAND Type MLC Tester's Choice: PCAR 100% NAND Type MLC Workload __ |Tester's Choice: PC AR 100%
evice1/r | 6 Gb/s SATA | Independent | 2X SEQ/128KiB 010/Thread (QD)| 8 [ARAMOUNT | 16GB oevcet/r | 6 Gb/s SATA_| Independent | 2X SEQ/128KiB 010/Thread (QD)| 8 |[ARAMOUNT | 166 beviet/r | 6 Gojs SATA | Independent | 2X SEQ/128KiB 0I0/Thread (QD)| & [ARAMOUNT | 166
RTP 2.0 CTS 6.5 |Workload Dep.| Full IOPS Loop Thread Count (TC) 1 IAR 2048 RTP 2.0 CTS 6.5 |Workload Dep.|  Full IOPS Loop Thread Count (TC) 1 IAR Segments| 2048 RTP 2.0 CTS 6.5 | Workload Dep. |  Full IOPS Loop Thread Count (TC) 1 AR Segments| 2048
Steady State Convergence Plot - All Block Sizes Steady State Measurement Window Steady State Measurement Window — RND/4KiB
——ss-05Ki - <8 Kip ——5=16 Ki8 =32k —e—B5-64 Kb B5=128Kis 8541024 K8 ——iops = pverage 110%+Average | ——90%"Average  —=—Siope —a—0ps Average 0% Average - 0% Average = +Slope
4,
3,500 000
3,749
41——§l\ /l 3500 CALYPSO C
' : ALYPSO
3,000 Ca LYBSO  — —————— 2 System
\./ 3,000 = 3,549
T————
2,500
2,500
3,349
g
2,000 S 2,000 —
« = b -~ —
o 8 -
2 —— — 1,500 Q3,149 —
1,500 -
——— -
1,000
—— 2,049
1,000
W\ 500
2,74
500 0 749
I
1 2 3 4 5 6
Round
0 2,549
1 2 3 4 5 6 0 1 2 3 4 5 6
Round Round
Steady State Determination Data
[Average 10PS: 5147.0
Allowed Maximum Data Excursion: 629.4] Measured Maximum Data Excursion: 542.4
Allowed Maximum Slope Excursion: 314.7|Measured Maximum Slope Excursion: 217.6
Least Squares Linear Fit Formula: -54.407 * R + 3310.267,

Steady State Convergence Steady State Window Steady State Measurement Calculations

January 2012
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MLC A

Test Run Date:

PTS Test Report IOPS: Results Pages 4-6

Block Size (KiB)

512 1024

Block Size (KiB)

11/14/2011 12:39 AM Report Run Date: 11/21/2011 04:12 PM Test Run Date: 11/14/2011 12:39 AM Report Run Date: 11/21/2011 04:12 PM Test Run Date: 11/14/2011 12:39 AM Report Run Date: 11/21/2011 04:12 PM
Client IOPS (REQUIRED) - Report Page Client IOPS (REQUIRED) - Report Page Client IOPS (REQUIRED) - Report Page
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev.| PTS-C1.0 SNIA SSS TWG: Solid State Storage Test (PTS) Rev.| PTS-C 1.0 SNIA SSS TWG: Solid State Storage Test (PTS) Rev.| PTS-C1.0
Page[ 4of6 Page[ 5of6 Page| 60f6
Device Under Test | VENDOR: SSD MODEL NO: TEST Device Under Test | VENDOR: SSD MODEL NO: TEST Device Under Test | VENDOR: SSD MODEL NO: TEST
(buT) ABC CO. MLC-A 256 GB SPONSOR CAL!yPsé"(‘? (buT) ABC CO. MLC-A 256 GB ‘ SPONSOR AL!YF;?"? (DuT) ABC CO. MLC-A 256 GB ‘ SPONSOR CAL Symms
Serial No. | 0000-0000-FFFF DUT Test Loop Steady State Serial No. | 0000-0000-FFFF DUT Preparation Test Loop Parameters Steady State Serial No. | 0000-0000-FFFF buTt Test Loop Steady State
BF01 Purge [ Security Erase Convergence| YES BFOL Purge | Security Erase | REQUIRED: YES BFOL Purge [ Security Erase Convergence| YES
Capacity 256 GB Data Pattern| RND Rounds 15 Capacity 256 GB. Pre-Conditioning Data Pattern| RND Rounds 1-5 EEE 256 GB Pre-Conditioning Data Pattern| RND Rounds 1-5
NAND Type MLC .o |Tester's Choice: PCAR 100% NAND Type MLc Workload Tester's Choice: PC AR 100% AN ves) mLc Workload . |Tester's Choice: PC AR 100%
{ 2X SEQ/128KiB
Device 1/F | 6 Gb/s SATA | Independent ZEEE0/28KE 010/Thread (QD) 8 AR AMOUNT | 16GiB Device 1/F | 6 Gb/s SATA | Independent 2X SEQ/126KiB 010/Thread (QD) 8 AR AMOUNT | 16 GiB pevice /F | 6 Gb/s SATA | Independent 9 ! 010/Thread (QD) 8 AR AMOUNT | 16 GiB
RTP 2.0 CTS 6.5 | Workload Dep.|  Full IOPS Loop Thread Count (TC) AR 2048 RTP 2.0 CTS 6.5 |Workload Dep.|  Full IOPS Loop Thread Count (TC) 1 |AR Segments| 2048 RTP 2.0 CTS 6.5 | Workioad Dep.| Full IOPS Loop Thread Count (TC) /AR Segments| 2048
Client IOPS - ALL RW Mix & BS - Tabular Data Client IOPS - ALL RW Mix & BS - 2D Plot Client IOPS - ALL RW Mix & BS - 3D COlllll'IllS
Block Size Read / Write Mix %
(KiB) 0/100 5/95 35/65 50/50 ES 95/5 100/0 010 syt s/t —emOjS) —Mem3sfes —8—S/S 1000 =000 ms/es mes/s W00 m3s/Es mOS/s = 100/0
1,122.3 1,162.2] 1,654.6. 1,965.6! 2,717.7 11,970.0 29,860.1
3,147.0 2,896.6 3,044.4 3,454.4 3,793 13,005.8 29,876.3 100,000
1,584.9. 1,589.7, 2,055.0 2,238.9 2,898.1 11,568.2 21,723.1 ‘
765.8. 786.3 1,028.1 1,272.6 1,604.9 6,208.3 12,482.5
392.7 401.0 525.8. 652.7 963.8. 4,129.6 7,011.6
- - T Al SO
196.4 205.9 291.3 352.3 565.4. 2,372.7 3,791.5 10,000 — ! CALypso 30,000 1 C LY
925 97.1 139.9 185.4 377.9 1,410.2, 2,015.3
16.4. 16.5 233 27.3] 90.8 1914 266.7 L '\1\ 25,000 *
1,000 I~
20,000 |
o —— o
= T~ a
G 15,000 -
100 =~ 1 =4
\§‘ 10,000 ﬂ
10 ' - 7 10000
5,000 { - -~
L s/ 35065
0 R/W Mix
1
05 1 2 4 8 16 32 64 128 256

Tabular Data

January 2012
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1. Principles of NAND Flash SSD Perform
2. How IOs Traverse the S/W H/W Stack

. PTS Client & Enterprise Test Specificatic

. Using PTS Reports to Understand SSD E
6. Using PTS Reports to Compare SSD Be
7. SSD Test Best Practices
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Products Tested

SNIA PTS SSD Performance Test Comparison

MLC-A 256 GB

MLC-B 160 GB

SLC-A 100 GB

SLC-B 100 GB

Test Platform Hardware / Software

Calypso RTP 2.0
Intel 5520HC, Intel Xeon 5580
12GB ECC DDR3 RAM, LSI 6GB/s HBA

Calypso CTS 6.5
Cent OS 5.6

Tests Run

WSAT (FOB) | 10Ps (steady State)

TP (Steady State) |

LAT (Steady State)

Summary Performance - Selected

MLC-A MLC-B
Test Workload
256 GB 160 GB
FOB RND 4KiB W 39,092 55,677
WSAT
Steady State RND 4KiB W 2,714 658 16,305 19,415
RND 4KiB R 29,876 38,087 93,707 46,365
IOPS
RND 4KiB W 3,147 152 16,563 19,561
Throughput SEQ 1024KiB R 417 264 514 437
MB/s SEQ 1024KiB W 267 99 157 205
RND 4KiB R Ave 0.20 0.19 0.16 0.18
Latency _ 009 08
mSec RND 4KiB W Ave 0.35 1.00 Y !
RND 4KiB R Max 1.60 1.43 6.26 0.39
(smaller value is better
RND 4KiB W Max 51.00 288.29 32.63 443.94

LINKS
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Individual
PTS
Tests

January 2012

Products Tested

Test Platform Hardware / Software

Tests Run

Test

SNIA PTS SSD Performance Test Comparison

MLC-A 256 GB

MLC-B 160 GB

SLC-A 100 GB

SLC-B 100 GB

Calypso RTP 2.0
Intel 5520HC, Intel Xeon 5580
12GB ECC DDR3 RAM, LSI 6GB/s HBA

Calypso CTS 6.5
Cent OS 5.6

WSAT (FOB) | 10Ps (Steady State) TP (Steady State) |

LAT (Steady State)

Summary Performance - Selected

MLC-A MLC-B

Workload

FOB RND 4KiB W
WSAT
Steady State RND 4KiB W 2,714 658 16,305 19,415
RND 4KiB R 29,876 38,087 93,707 46,365
IOPS
RND 4KiB W 3,147 152 16,563 19,561
Throughput SEQ 1024KiB R 417 264 514 437
MB/s SEQ 1024KiB W 267 99 157 205
RND 4KiB R Ave 0.20 0.19 0.16 0.18
Latency . 009 08
mSec RND 4KiB W Ave 0.35 1.00 ! !
RND 4KiB R Max 1.60 1.43 6.26 0.39
(smaller value is better
RND 4KiB W Max 51.00 288.29 32.63 443.94

LINKS
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Products Tested

SNIA PTS SSD Performance Test Comparison

MLC-A 256 GB

MLC-B 160 GB

SLC-A 100 GB

SLC-B 100 GB

Test Platform Hardware / Software

Calypso RTP 2.0
Intel 5520HC, Intel Xeon 5580
12GB ECC DDR3 RAM, LSI 6GB/s HBA

Calypso CTS 6.5
Cent OS 5.6

Tests Run

WSAT (FOB) |

IOPS (Steady State)

TP (Steady State) |

LAT (Steady State)

Summary Performance - Selected

Test Workload

MLC-A MLC-B

FOB RND 4KiB W 56,896 20,364 39,092 55,677
WSAT
Steady State RND 4KiB W 2,714 658 16,305 19,415
RND 4KiB R 29,876 38,087 93,707 46,365
IOPS
RND 4KiB W 3,147 152 16,563 19,561
Throughput SEQ 1024KiB R 417 264 514 437
MB/s SEQ 1024KiB W 267 99 157 205
RND 4KiB R Ave 0.20 0.19 0.16 0.18
Latency . 009 08
mSec RND 4KiB W Ave 0.35 1.00 ! !
RND 4KiB R Max 1.60 1.43 6.26 0.39
(smaller value is better
RND 4KiB W Max 51.00 288.29 32.63 443.94

LINKS

January 2012
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OB ea
0 - OF D ~fo . 5 Daramete - 3
. PC AR 100% Qb /TC 2
FOB 56,896
RND 4KiB Test AR 100% Duration (T 20 Hr/18 TB
Optiona
100% W 2714 WIPC NA - FOB Device I/F 6Gb/s SATAII
Steady State 4
WDPC NA - FOB Test System RTP 2.0/ CTS 6.5
Bla R OP Pa ete : 0 Paramete : 0
100% R 29,876 PC AR / Test AR 100% / 100% Qb/TC 8/1
DP RND 4KiB
100% W 3,147 AR Amt/Segments| 16 GiB/2048 SS Rounds 1-5
2X SEQ 128KiB W /
) 100% R 21,723 WIPC +10PS Loop evice I/F 6Gb/s SATAII
RND 8KiB
100% W 1,585 WDPC I0PS Loop Test System RTP 2.0/ CTS 6.5
: 0 = : - = d 2Le <. O H d eLe <. .
PC AR / Test AR 100% / 100% Qb/TC 32
RO » 100% R 417
AR Amt/Segments| 16 GiB/2048 SS Rounds 1-5
5/5€ SEQ 1024KiB :
e |X Qe /KLF/ —
100% W 267
WDPC SEQ 1024KiB Test System RTP 2.0/ CTS 6.5
=1[e =. e Pa ete e 0 Paramete e O
A RND 4KiB 100% R 0.20 PC AR/ Test AR 100% / 100% Qb/TC 1/1
S AVE 100% W 0.35 AR Amt/Segments| 16 GiB/2048 SS Rounds 4-8
2X SEQ 128KiB W .
hette RND 4KiB 100% R 1.60 WIPC + LAT Loop Device I/F 6Gb/s SATAII
MAX
January 2 100% W 51.00 35 WDPC LAT Loop Test System RTP 2.0/ CTS 6.5

FOB:
No PC

WIPC:
SEQ128KiB
+ I0PS Loop
WDPC:
IOPS Loop

WIPC:
SEQ128KiB +
SEQ 1024KiB
WDPC:
SEQ 1024KiB

olo=1

B
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PTS-C

WSAT

(Optional)

IOPS TEST

RND 4KiB
100% W

Block Size

RND 4KiB

MLC-B Summary Performance - Selected

FOB / Steady

State O

Parameter

Setting

Parameter

Setting

100% R

Parameter

PC AR/ Test AR

Setting

100% / 100%

Parameter

—

PC AR 100% Qb /TC 2/ 16
Test AR 100% Duration (Tor GB)| 12 Hr/250 GB
658 WIPC NA - FOB Device I/F 6Gb/s SATAII
Steady State
WDPC NA - FOB Test System RTP 2.0/ CTS 6.5

Setting

32/1

%’\

THROUGHPUT
MB/Sec

LATENCY
mSec

RND 8KiB

Block Size

SEQ 1024KiB

Block Size

+ |OPS Loop

100% W AR Amt/Segments| 16 GiB/2048 SS Rounds i PC AR:
2X SEQ 128KiB W ) 16GiB
100%R wiec Device |/F 6Gb/s SATAII 2048 Segments

100% W
MB/Sec

Parameter

PC AR/ Test AR

I0PS Loop

Setting

100% / 100%

Test System

Parameter

QD /TC

RTP 2.0/ CTS 6.5

Setting

Parameter

Setting

Parameter

100% R 264
AR Amt/Segments| 16 GiB/2048 SS Rounds 1-5
WIPC 2:(_ ?ég }_égﬁll(BlBW Device I/F 6Gb/s SATAII
100% W 99
WDPC SEQ 1024KiB Test System RTP 2.0/ CTS 6.5

Setting

(smaller value is better)

RND 4KiB 100% R 0.19 PC AR/ Test AR 100% / 100% Qb /TC 1/1
AVE 100% W 1.00 AR Amt/Segments| 16 GiB/2048 SS Rounds 12-16
2X SEQ 128KiB W .
RND 4KiB 100% R 1.43 WIPC + LAT Loop Device I/F 6Gb/s SATAII
MAX
100% W 288.29 36 WDPC LAT Loop Test System RTP 2.0/ CTS 6.5

B
SNIA
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PTS-ETP
2 Block Sizes

January 2012

OB ead
= R OF Parame s . Paramete s .
PC AR 100% Qb/TC 16/2
A FOB 39,092
RND 4KiB Test AR 100% Duration (Tor GB)| 12 Hr/2.9TB
ks b 16.305 WIPC NA - FOB Device I/F 6Gb/s SAS
Steady State ’
WDPC NA - FOB Test System RTP 2.0/ CTS 6.5
Blo R OP Parame : g Paramete : g
100% R 93,707 PCAR 100% W 16/2
OF RND 4KiB
100% W 16,563 Test AR 100% SS Rounds X
100% R 50,301 WIPC 2X SEQ 128KiB W Device I/F 6Gb/s SAS
RND 8KiB
100% W 9,560 WDPC I0PS Loop Test System RTP 2.0/ CTS 6.5
Blo R B/Se Parame etting Paramete etting
- 100% R 409 PC AR 100% QD /TC 16 /2
U £ SEQ 128KiB
- . 100% W 145 Test AR 100% SS Rounds 5-9
100% R 514 WIPC 2X SEQ 128KiB W Device I/F 6Gb/s SAS
SEQ 1024KiB
100% W 157 WDPC SEQ 128./1024KiB Test System RTP 2.0/ CTS 6.5
=1[e =. B Parame e 0 Paramete e 0
A RND 4KiB 100% R 0.16 PC AR 100% Qb /TC 1/1
: AVE 100% W 0.09 Test AR 100% $S Rounds 3.7
b RND 4KiB 100% R 6.26 WIPC 2X SEQ 128KiB W Device I/F 6Gb/s SAS
MAX 100% W 32.63 WDPC LAT Loop Test System RTP 2.0/ CTS 6.5

37
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IOPS TEST

RND 4KiB
100% W

Block Size

SLC-B

FOB / Steady
State

Summary Performance - Selected

IOPS

Parameter

Setting

Parameter

Setting

R/W Mix

Parameter

Setting

Parameter

PC AR 100% Qb /TC 16/2
Test AR 100% Duration (T or GB) 6Hr/1.9T8B
WIPC NA - FOB Device I/F 6Gb/s SAS
Steady State 19,415
WDPC NA - FOB Test System RTP 2.0/ CTS 6.5

Setting

THROUGHPUT
MB/Sec

100% R PCAR 100% QDb /TC

RND 4KiB
100% W Test AR 100% SS Rounds 2-6
100% R WIPC 2X SEQ 128KiB W Device I/F 6Gb/s SAS

RND 8KiB

Block Size

100% W

Parameter

I0PS Loop

Setting

Test System

Parameter

RTP 2.0/CTS 6.5

Setting

LATENCY
mSec

100% R PC AR 100% Qb/TC 16/2
SEQ 128KiB
100% W Test AR 100% SS Rounds 4-8
100% R WIPC 2X SEQ 128KiB W Device I/F 6Gb/s SAS
SEQ 1024KiB
100% W 205 WDPC SEQ 128/1024KiB Test System RTP 2.0/ CTS 6.5

Block Size

Parameter

Setting

Parameter

Setting

(smaller value is better)

RND 4KiB 100% R 0.18 PC AR 100% Qb/TC 1/1
AVE 100% W 0.08 Test AR 100% SS Rounds 2-6

RND 4KiB 100% R 0.39 WIPC 2X SEQ 128KiB W Device I/F 6Gb/s SAS
MAX 100% W 443.94 WDPC LAT Loop Test System RTP 2.0/ CTS 6.5

January 2012
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. Principles of NAND Flash SSD Perform
2. How IOs Traverse the S/W H/W Stack
3. PTS Client & Enterprise Test Specificatio

. Summary SSD Comparisons — www.sni

. Using PTS Reports to Compare SSD Be

7. SSD Test Best Practices

8. Conclusion

January 2012 39



wsat  Client WSAT MLC-A

Test Run Date: 11/17/2011 09:30 AM__| __Report Run Date: 11/22/2011 12:44 PM Test Run Date: 11/17/2011 09:30 AM Report Run Date: 11/22/2011 12:44 PM -
ol e RND 4KiB W from FOB
Rev.| PTS-C1.0 Rev.] PTS-C 1.0

SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Poge| Tofd SNIA S5S TWG: Solid State Storage Test Specification (PTS) e
Device I‘)“';:e' et ‘fs“cnz?:: S;Ec“:g:'s' :? SP;ENSSTOR CA LYPSO Device Under Test | VENDOR: SSD MODEL NO: TEST CA LYPSO
(out) - X Systems (DuT) ABC CO. MLC-A 256 GB SPONSOR | {2,
Serial No- | 0000-0000-FFFF DUTiErepasation! ifestiLooplEaameters Steady/Stats) Serial No. | 0000-0000-FFFF DUT Preparation Test Loop Parameters Steady State
irmware Rev BFOL Purge | Security Erase |REQUIRED: Convergence| N/A p— FIFGE C s A IOP s v TI M E .
Gopecty | 25668 Pre-Conditioning Data Pattern| RND | _Rounds WA 8 L ata p. = 0
. e o Y e AR o Capacity 256 GB re-Conditioning ata Pattern| RND ounds N/A
owics /7 | 6 Gb/s SATA_ | Independent bz 0I0/Thread (QD)| 2  [ARAMOUNT | 100% it S o N/A "":;:c:: '“’d o = :ﬁ:ﬁm 100 « FOB Peak Dro 05 60 Minutes
Device /7 .
st Platform| RTP 2.0 CTS 6.5 | Workload Dep. RND 4KiB Thread Count (TC) 16 |AR N/A / SIGH/SISATA /Thread (QD) 2 L00%
RTP 2.0 CTS 6.5 | Workload Dep.|  RND 4KiB Thread Count (TC)| 16 [AR Segments| WA FOB t t tate: 1 Mi t
* FOB to Steady State: 1000 Minutes

ClisntIopSI(Eincar) WskTinel(iear Client IOPS (Linear) vs Total Gigabytes Written (Linear)
60000
- / + Peak IOPS: 56,896

| ~— »
Carkeso | - Steady State IOPS: 2,714

50000 Systems

40000 /
- T IOPS v TGBW:

* FOB Peak Drop: 250 TGBW

\ //’ o \ / + FOB to Steady State: 1400 TGBW

o NG \ - + SSD Capacity 256GB
e - ‘\P £ - Peak Drop in (1) Drive Fil

o 200 400 600 800 1000 1200 1400 1600 o . Steady State after (5) Drive Fills

Time (Minutes) 0 200 400 600 800 1000 1200 1400 1600 1800 2000

o
& 30000

7

20000

Total Gigabytes Written (GB)
Note Header Information:
* WIPC: None
IOPS v TGBW « WDPC: RND 4KiB
* OIO: 32 (QD=2/TC=16)

IOPS v Time

B
SNIA
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lops  Client IOPS MLC-A

Test Run Date: 11/14/2011 12:39 AM [ Report Run Date: 11/21/2011 04:12 PM Test Run Date: éll/l“/Z;):)lPlSZﬁ; EAMUIIREDRePDth Run D;te= 11/21/2011 04:12 PM
= ient - Report Page
Client IOPS (REQUIRED) - Report Page ' (REQUIRED) - Report Pag ARG
Rev PTS-C 1.0 SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) 5 ev. 6 of 5'
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) : . age] o
Page 4 of 6 Device Under Test VENDOR: SSD MODEL NO: TEST CA LYPSO
- (DUT) ABC Co. MLC-A 256 GB SPONSOR Systems
Device Under Test VENDOR: SSD MODEL NO: TEST . - 2ySLEMs |
A LYPSO Serial No. 0000-0000-FFFF DUT Preparation Test Loop Parameters Steady State
(DUT) ABC Co. MLC-A 256 GB SPONSOR Systems Firmware Rev. BFO1 Purge | Security Erase  |REQUIRED: Convergence| YES
Serial No. 0000-0000-FFFF DUT Preparation Test Loop Parameters Steady State Capacity 256 GB Pre-Conditioning Data Pattern| RND Rounds 1-5
Firmware Rev BFO1 Purge | Security Erase REQUIRED: Convergence YES pANDIVES) MLe Workload 2X SEQ/128KiB Tester's Choice: PC AR muo‘/o
Capacity 256 GB Pre-Conditioning Data Pattern| RND Rounds 1-5 | [ GEPRERA || HrTomE: O010/Thread (QD)| 8  [ARAMOUNT | 16GiE
Test Platform| RTP 2.0 CTS 6.5 [Workload Dep.| Full IOPS Loop Thread Count (TC) 1 AR Segments| 2048
. ica: o
NAND Type MLC Workload oX SEQ/128KiB | TESter'S Choice: PC AR 00 Client IOPS - ALL RW Mix & BS - 3D Columns
DeviceI/F | 6 Gb/s SATA | Independent 0IO0/Thread (QD) 8 AR AMOUNT | 16GiB
Test Platform| RTP 2.0 CTS 6.5 [ Workload Dep. Full IOPS Loop Thread Count (TC) 1 AR Segments| 2048 HO0/100 ®5/95 H65/35 MS0/50 H35/65 =95/5 ©100/0
Client IOPS - ALL RW Mix & BS - Tabular Data
Block Size Read / Write Mix % _— -
(KiB) 0/100 35/65 50/50 65/35 100/0
1,654.6 1,965.6 2,717.7 11,970.0 29,860.1 30,000 CALYESQ
3,044.4 3,454.4 3,779.3 13,005.8 29,876.3
2,055.0 2,238.9 2,898.1 11,568.2 21,723.1 25,000
1,028.1 1,272.6 1,604.9 6,208.3 12,482.5
525.8 652.7 963.8 4,129.6 7,011.6 20,000
291.3 352.3 565.4 2,372.7 3,791.5 “
139.9 185.4 377.9 1,410.2 2,015.3 8 15,000 -
23.3 27.3 90.8 191.4 266.7
10,000
RND 4KiB IOPS 100% W: Header Information: 5,000 |
. . .
* WDPC: IOPS Loop s,

© WSAT= 2,714 10PS - 0IO: 8 (QD=8/TC=1)

* SS Rounds: 1-5
* AR Amount = 16GiB Block Size (KiB)
* AR Segments = 2048

A
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wsAaT Enterprise WSAT SLC-A

Test Run Date: 11/14/2011 08:45 AM

11/07/11 08:40 AM Report Run Date:

Test Run Date: 11/14/2011 08:45 AM

11/07/11 08:40 AM Report Run Date:

Enterprise WSAT (REQUIRED) - Report Page

Enterprise WSAT (REQUIRED) - Report Page

Rev.| PTS-E 1.0

SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) bage] Lofa

PTS-E 1.1
SNIA SSS TWG: Solid State Storage Per Test (PTS) Rev.[ PTS-E 1.0

Page| 3o0f4

Device Under Test VENDOR: SSD MODEL NO:
(DUT)

st | CALYPSO

Device Under Test | VENDOR: SSD MODEL NO:
(DuT)

[ sromon | CALYPSO

CALyPso

ABC CO. SLC-A 100 GB SPONSOR Systems ABC cO. SLC-A 100 GB
Serial No. | 1111.0000-FFFF DUT Preparation Test Loop N/A Serial No. | 1111.0000-FFFF DUT Preparation Test Loop N/A
BrOA Purge Format Unit Rounds WA BroA Purge Format Unit Rounds WA
capacity 100 GB Pre-Conditioning Data Pattern| RND PC AR 100% Capacity 100 GB Pre-Conditioning Data Pattern| RND PC AR 100%
NAND Type SiC Workload None Tester's Choice: AR AMOUNT | 100% NAND Type sic Workload None Tester's Choice: AR AMOUNT | 100%
Device1/F | 6 Gb/s SAS | Independent OI0/Thread (QD)| 16 |AR Segments| N/A DeviceI/F | 6 Gb/s SAS | Independent 010/Thread (QD)| 16 [AR N/A
RTP 2.0 CTS 6.5 |Workload Dep. RND 4KiB Thread Count (TC) 2 OPT: N/A RTP 2.0 CTS 6.5 | Workload Dep. RND 4KiB Thread Count (TC) 2 OPT: N/A
Enterprise IOPS (Linear) vs Time (Linear) Enterprise IOPS (Linear) vs TGBW (Linear)

RND 4KiB W from FOB

IOPS v TIME:
* FOB Peak Drop: 30 Minutes
» FOB to Steady State: 50 Minutes

0 50 100 150 200 250 300 350 400
Time (Minutes)

60,000 —
50,000 — CALYRSO
”V
@
2
S 30,000
20,000
10,000 ﬁ %
0
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Total Gigabytes Written (GB)

IOPS v Time

January 2012

IOPS v TGBW

42

+ Peak IOPS: 39,092
» Steady State IOPS: 16,305

IOPS v TGBW:
* FOB Peak Drop: 70 GB
* FOB to Steady State: 150 GB
» SSD Capacity 100GB
* Peak Drop in (0.7) Drive Fills
» Steady State after (1.5) Drive Fills

Note Header Information:
* WIPC: None
« WDPC: RND 4KiB
* OIO: 32 (QD=16/TC=2)

A
SNIA

Solid State Storage Initiative



Iops  Enterprise IOPS SLC-A

Test Run Date: 11/02/2011 02:56 PM | Report Run Date: 11/14/2011 08:43 AM Test Run Date: 11/02/2011 02:56 PM | Report Run Date: 11/14/2011 08:43 AM
Enterprise IOPS (REQUIRED) - Report Page EnEerpniseNOBSI(REQUIRED JEiRepoRHBAgE
Rev. PTS-E 1.0 SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev.l PTS-E1.0
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) . - Page[ 60f6
Page 4 of 6 Device Under Test VENDOR: SSD MODEL NO: TEST CALYPSO
RevicelUndergiesy VENDOR: SSD MODEL NO: TEST A LYPSO Serial N (Dl:lz 0000-FFFF A <;)ol.;T Preparation TR G:est Loop Para::::ssOR Stead3 Ss:aetr:s
(buT) ABC co. SLC-A 100 GB SPONSOR Systems Firmware Rev BFOA Purge [ Format Unit REQUIRED: Convergence| YES
Serial No. 1111-0000-FFFF DUT Preparation Test Loop Parameters Steady State capacity 100 GB Pre-Conditioning Data Pattern| RND Rounds 1-5
Firmware Rev BFOA Purge | Format Unit REQUIRED: Convergence YES RANDITVS gLe Workload 2X SEQ/128KiB Tester's Choice: PC AR 100%
Capacity 100 GB Pre-Conditioning Data Pattern| RND Rounds 1-5 [ GEREERS | HEirnn OI0/Thread (QD) | 167 [(ARIAKION NIH| NS00
] Test Platform| RTP 2.0 CTS 6.5 |Workload Dep. Full IOPS Loop Thread Count (TC) 2 IAR Segments N/A
NAND Tvpe sie Workload | o ooy /55, | T@Ster's Choice: ECIAR A Enterprise IOPS - ALL RW Mix & BS - 3D Columns
DeviceI/F | 6 Gb/s SAS | Independent 0I10/Thread (QD) 16 AR AMOUNT | 100%
Test Platform| RTP 2.0 CTS 6.5 | Workload Dep. Full IOPS Loop Thread Count (TC) 2 AR Segments N/A
®0/100 ®5/95 35/65 W50/50 W65/35 95/5 100/0
Enterprise IOPS - ALL RW Mix & BS - Tabular Data
Block Size Read / Write Mix %
(KiB) 0/100 5/95 35/65 50/50 65/35 100/0
15,887.4 16,634.7 20,678.6 24,402.8 29,386.2 72,428.4 95,924.3 100,000 | CALYPSO
16,563.0 17,032.2 20,234.2 23,705.2 28,018.6 63,447.7 93,707.0 Pystems
T,550.8 9,998.4 12,547.1 14,636.6 17,199.1 37,872.9 50,301.2 90,000 1
4,842.2 5,032.3 6,802.5 8,132.1 9,655.8 22,462.2 31,072.8 80,000
\ 24133 2,535.4 3,478.4 4,241.3 5,061.7 12,174.7 15,994.2 70,000
\ 12192 1,275.7 1,728.4 2,126.1 2,726.3 6,284.6 8,094.9 60,000
\ 6127 632.5 859.1 1,061.4 1,709.4 3,205.7 4,060.8 g 50.000 |
\ 74.8 78.0 103.6 126.7 202.7 398.8 514.6 -
\ 40,000 +
N 30,000 | | -
20,000 1 | ﬂ - : ~100/0
H e i o ,000 ’ o /65135
RND 4KiB IOPS 100% W: Header Information: 10000 , o [ - w
_ +  WIPC: 2X SEQ 128KiB 0~ g RIW M
« IOPS =16,563 IOPS ~ Vil D=
WSAT = 16,305 IOPS " WDPC: 10PS Loop o "~ oo
° = —— 5 /
’ « 0OIO: 32 (QDb=16/TC=2) -
+ SSRounds: 1-5 Block Size (KiB)
+ PCAR=100%

A
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™  Client Throughput MLC-A

Test RunDate: ___11/13/2011 10:24 AM [ __Report Run Date: 11/21/2011 04:03 PM Test Run Date: 11/13/2011 10:24 AM Report Run Date: 11/21/2011 04:03 PM .
ClientyThr iTest(REQUIRED)EIReportiEage] I Client Thr Test (REQUIRED) - Report Page |
I Rev.| PTS-C 1.0
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) on T Rev.| PTS-C 1.0
Pagel 40f5 SNIA SSS TWG: Solid State Storage Test (PTS) Page| _5of5
Device Under Test | VENDOR: SSD MODEL NO: TEST -
ALYPSO Device Under Test | VENDOR: SSD MODEL NO: TEST
(buT) ABC CO. MLC-A 256 GB SPONSOR c Systems (DuT) ABC CO. MLC-A 256 GB SPONSOR CALgyPsé"(‘?
Serial No._ | 0000-0000 FFFF DUT Preparation Test Loop Parameters Steady State e R . o
[ v p Steady State o, .
BFOL Purge | AS?cur-lty Erase |REQUIRED: YES e Purge [ Security Erase C YES 1 00 A) R. 41 7 M Blsec
oty | 256GB Pre-Conditioning Data Pattern| RND | Rounds s 5@ Pre=Conainita Data Pattern| RAD | Rounds e
NARD Tyve M Workload | Tester's hoice: PCAR T00% e
2X SEQ/128KiB Tester's Choice: PCAR 100%
peviee t/F | 6 Gb/s SATA | Independent /128K 010/Thread (QD)| 32 |ARAMOUNT | 16Gis oevce /7 | 6 Gb/s SATA_| Wdependent | X SEQ/128KiB 010/Thread (QD)| 32 [ARAMOUNT | 168
RTP 2.0 CTS 6.5 | Workload Dep. |  SEQ 1024KiB Thread Count (TC)| 32 [AR Segments| 2048 rkioad Dep.|  SEQ 1024KiB Thread Count (TC)| 32 [AR Segments| 204 o
Client Thr - ALL RW Mix & BS - Tabular Data Tient Throughput - ALL RW Mix & BS - 2D Plot 100% W: 267 MB/Sec
Block Size | Read / Write Mix % 600
(KiB) 0/100 100/0

Note Header Information:

T3 . Device IIF: 6Gb/s SATA

- 0IO: 1024 (QD=32 / TC=32)
« WIPC: SEQ 128KiB

« WDPC: SEQ 1024KiB

* SS Rounds: 1-5

* AR Amount: 16GiB

° o100 10000 + AR Segments: 2048

R/W Mix

500

IS
S
3

Throughput (MB/s)
1
3

.
o
5]

100

TP Tables TP Pots

January 2012
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TP

Enterprise Throughput SLC-A 1024KiB

Test Run Date: 12/04/2011 08:21 AM__| Report Run Date: 12/04/2011 10:03 AM Test Run Date: 12/04/2011 08:21 AM | Report Run Date: 12/04/2011 10:03 AM -
Enterprise T Test (REQUIRED) - Report Page Enterprise Throughput Test (REQUIRED) - Report Page S E Q 1 024 KI B RIW
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev.[ PTS-E 1.0 SNIA SSS TWG: Solid State Storage Test (PTS) Rev| PTS-E1.0
Page[ 4of 5 Page[ 5ofs
Device Under Test VENDOR: SSD MODEL NO: TEST Device Under Test VENDOR: SSD MODEL NO: TEST
ABC CO. SLC-A 100 GB SPONSOR CA ! smms (DuT) ABC CO. SLC-A 100 GB SPONSOR CA '-\S'y'fé,,e
Serial No. | 11110000 FFFF DUT Preparation Test Loop Parameters Steady State SeraiNo. | 11110000777 DUT Preparation Test Loop Parameters Steady State
vorpurgs | Fomatune Convergence][ VeS wor _[Purge | Format Unt__|REQUIRED: c ves 100% R: 514 MB/Sec
Capacity 100 GB Data Pattern| RND Rounds 28 capacity 100 GB Pre-Conditioning Data Pattern| RND Rounds a8
NAND Type S Workload . Tester's Choice: PC AR 100% ik forkload . Tester's Choice: PC AR 100%
sicetir | 6 Gojs a5 | Independent | 2X SEQ/128€i8 010/Thread (@D)| 16 [ARAMOUNT| 100% bevice /7 | 6 Gbj/s 5A5 | Inflependent | 2X SEQ/128KIB 010/Thread (QD)| 16 |ARAMOUNT | 100%
RTP 2.0 CTS 6.5 |Workload Dep. SEQ 1024KiB Thread Count (TC) IAR Segments N/A load Dep. SEQ 1024KiB Thread Count (TC) 2 AR Segments N/A
Enterprise 1024KiB Throughput - ALL RW Mix & BS - Tabuiar Data | rise 1024KiB Thr HARISRWIMIISIRSE2 DI RioY 100% W 157 MB/Sec
600
500 Note Header Information:
. * Device I/F: 6Gb/s SAS
z
g . 0l0: 32 (QD=16/TC=2)
2 300 :
£ « WIPC: SEQ 128KiB
H
=
- WDPC: SEQ 1024KIB
. * SS Rounds: 4-8
* AR Amount: 100%
0
0/100 100/0 « AR Seg ments: N/A
R/W Mix
TP Tables TP Pots
January 2012
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TP Enterprise Throughput SLC-A 128KiB

Test Run Date: 12/03/2011 04:32 PM__|__Report Run Date: 12/04/2011 10:04 AM Test Run Date: _12/03/201104:32PM_| _Report Run Date: 12/04/2011 10:04 AM -
Enterprise Thr Test (REQUIRED) - Report Page Enterprise Throughput Test (REQUIRED) - Report Page s S EQ 1 28 KI B R IW
] - ev. - 1.
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) :e"'% reEie SNIA SSS TWG: Solid State Storage Test (PT9) Page| _ Sof5
age
" " " Device Under Test VENDOR: SSD MODEL NO: TEST
Device II’.I‘I';:TI' Test ‘ﬁaNcDg;' 5::":'_4:1"’:; 2;’- sp;zssrok Ca L!yl‘—'sérg (DuT) ABC CO. SLC-A 100 GB SPONSOR CAUQZQ,,Q
T Serial No. 1111-0000-FFFF DUT Preparation Test Loop Parameters Steady State
Serar nn.::i.m; . DUT PlrepaFroar:‘:: — Test Loop Parameters Steady statev _ ror Furge [ Format Unit Convergence| YES 1 OOOA) R: 409 M BI Sec
capacity 100 GB Pre-Conditioning Data Pattern| RND Rounds 48 "
Capacity. 100 GB Pre-Conditioning Data Pattern RND Rounds 4-8 o= et @ PCAR o0
o 1 ice: PC AR TIPS Workload ’ ‘ester’s Choice:
::::::r B s:/:csns x.‘:v:;::::m 2X SEQ/128KiB Te“zrl:f::::d (@)| 16 [ARAMOUNT :ZZ: beiceur |G Gojs a5 | Independent | X SEQ/LZ8KIE OI0/Thread (QD)| 16 [ARAMOUNT [ 100%
§ RTP 2.0 CTS 6.5 | Workload Dep.|  SEQ 128KiB Thread Count (TC)| 2  |AR Segments| WA
RTP 2.0 CTS 6.5 | Workload Dep. SEQ 128KiB Thread Count (TC) 2 IAR N/A = = =
Enterprise 128KiB Thr ~ALL RW Mix & BS - Tabular Data Entarprisel28KIBThy ALRWIMIX81BSEI2DIRloY 100% W: 145 MB/Sec
Read / 600
CALYPsO
00 Note Header Information:
" * Device I/F: 6Gb/s SAS
7
= a = —
g . 0I0: 32 (QD=16/TC=2)
3 300 n
E] « WIPC: SEQ 128KiB
3
£ . .
200 « WDPC: SEQ 128KiB
145
10 + SS Rounds: 4-8
* AR Amount: 100%
0
0/100 100/0 * AR Segments: N/A
R/W Mix

TP Tables TP Pots
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LAT  Client Latency MLC-A

Test Run Date: | 11/11/2011 09:53AM | _ Report Run Date: | 11/15/2011 03:34 PM Test Run Date: | 11/11/2011_09:53 AM Report Run Date: | 11/15/2011 03:34 PM .
Client Latency (REQUIRED) - Report Page Client Latency (REQUIRED) - Report Page RN D 0 5 4 8 KI B
SNIA SS5 TWG: Solid State Storage Performance Test Specification (PTS) Rev] PTS-C1.0 SNIA SSS TWG: Solid State Storage Test Specification (PTS) Rev.[ PTS-C 1.0 m=D ’
Page[ 50f6 Page[ 60f6
Device Under Test | VENDOR: SSD MODEL NO: TEST Device Under Test | VENDOR: SSD MODEL NO: TEST
(DUT) ABC CO. ‘ MLC-A 256 GB SPONSOR CALgl:é"(,? (puT) ABC CO. MLC-A 256 GB l SPONSOR CALgyPSErES)
Serial No. | 0000-0000-FFFF DUT Preparation Test Loop Parameters Steady State Serial No. | 0000-0000-FFFF. DUT Preparation Test Loop Parameters Steady State
aro1 Purge [_Security Erase Convergence| YVEs Bro1 Purge [_Security Erase Convergence| YES AVE Late ncy .
Capacity. 256 GB. Pre-Conditioning Data Pattern| RND Rounds a8 capacity 256 GB Pre-Conditioning Data Pattern| RND Rounds a8 "
NAND Type MiC Workload Tester's Choice: PC AR T00% NAND Type [0S Workload . |Tester's Choice: PCAR 100% a
| ERCIAR | M o0 M| 2X SEQ/128Ki L Lo0% | -
oevee /7 | G Gojs SATA | Independent | 2X SEQ/128KIB 010/Thread (QD)| 1 [AR AMOUNT | isGi b /7 | 6 Go/s SATA_| Independent R AR AMOUNT | 16G® « 4KiB 100/0 R/W: 0.20 mSec
RTP 2.0 CTS 6.5 | Workload Dep. | Full Latency Loop |  Thread Count (T0)| 1 [AR 2048 RTP2.0CTS 6. Dep.| Full Latency Loop 2048
Client - AVE Latency vs BS and R/W Mix - 3D Plot Client - MAX Latency vs B

* 4KiB 65/35 R/W: 0.30 mSec
* 4KiB 0/100 R/W: 0.35 mSec

. CALyPso - MAX Latency:
] ol * 4KiB 100/0 R/W: 1.30 mSec
"] w0 * 4KiB 65/35 R/W: 50.02 mSec
T B ow : * 4KiB 0/100 R/W: 51.05 mSec
oo au - Notd\Header Information:
100/0 o —< . R/W Mix
4 y R/W Mix . . 100/0

0l0: 1 (QD=1/TC=1)
st ‘ . WIPC: 2X SEQ 128KiB
e - WDPC: LAT Loop

* SS Rounds: 4-8
AVE Latency MAX Latency

January 2012
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LAT

Test Run Date: [ 11/10/2011 05:07 AM Report Run Date: |

11/14/2011 08:47 AM

Enterprise Latency SLC-A

Enterprise Latency (REQUIRED) - Report Page

Test Run Date: |

11/10/2011 05:07 AM Report Run Date: | 11/14/2011 08:47 AM

SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS)

Enterprise Latency (REQUIRED) - Report Page

Rev.| PTS-E 1.0

SNIA SSS TWG: Solid State Storage Test Specification (PTS) Rev.] PTS-E 1.0
Page[ 50f6 Page][ 6o0f6
Device Under Test | VENDOR: SSD MODEL NO: TEST CA Device Under Test | VENDOR: SSD MODEL NO: TEST
ABC CO. SLC-A 100 GB SPONSOR L!P:“ §,$,? (DuT) ABC CO. SLC-A 100 GB SPONSOR CA '-}',ﬂ’é,,?
serialNo. | 1111.0000-F55F DUT Test Loop Parameters Steady State Serial No. | 11110000777 DUT Preparation Test Loop Parameters Steady State
BroA Purge [ Format Unit 2 YES BroA Purge [ Format Unit | REQUIRED: i YES
Capacity 100 GB Pre-Conditioning Data Pattern| RND Rounds 37 Capacity 100 GB Pre-Conditioning Data Pattern| RND Rounds 37
NAND Type sic Tester's Choice: PC AR 100% NAND Ty sic 2 : PC AR 100%
‘Workload 2X SEQ/128KiB. ‘ester's oice: pe ‘Workload 2X SEQ/128KIB Tester's Choice:
bevice /F |6 Gb/s SAS | Independent 010/Thread (QD)| 1 [ARAMOUNT | 100% bevice1/F |6 Gb/s SAS | Independent 010/Thread (QD)| 1 [ARAMOUNT | 100%
RTP 2.0 CTS 6.5 | Workload Dep.|  Full LAT Loop Thread Count (TC)| 1 [AR Segments| /A RTP 2.0 CTS 6.5| Workload Dep.| _Full LAT Loop Thread Count (TC)| 1 [AR Segments| /A
Enterprise AVE Latency vs BS and R/W Mix - 3D Plot

0.09

Time (ms)

0.5
a

Block Size (KiB)

CALYPSO

0.13

0/100
65/35

1000 RIW Mix

Time (ms)

Enterprise MAX Latency vs BS and R/W Mix - 3D Plot

CALYPSO

0/100
65/35

R/W Mix
100/0

Block Size (KiB)

AVE Latency

January 2012

MAX Latency

48

RND 0.5, 4, 8 KiB

AVE Latency:
* 4KiB 100/0 R/W: 0.16 mSec
* 4KiB 65/35 R/W: 0.14 mSec
* 4KiB 0/100 R/W: 0.09 mSec

MAX Latency:
+ 4KiB 100/0 R/W: 6.26 mSec
* 4KiB 65/35 R/W: 46.78 mSec
« 4KiB 0/100 R/W: 32.63 mSec

Note Header Information:
+ OIO: 1 (QD=1/TC=1)
* WIPC: 2X SEQ 128KiB
 WDPC: LAT Loop
* SS Rounds: 3-7

B
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1. Principles of NAND Flash SSD Perform
2. How IOs Traverse the S/W H/W Stack

3. PTS Client & Enterprise Test Specificatic
4. Summary SSD Comparisons — www.sni

. Using PTS Reports to Understand SSD E

. SSD Test Best Practices

8. Conclusion
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wsat  Comparing Client WSAT - IOPS v TIME

Test Run Date: 11/17/2011 09:30 AM Report Run Date: 11/22/2011 12:44 PM Test Run Date: 11/21/2011 06:35 AM_| _Report Run Date: 11/24/2011 04:44 PM
Client WSAT (OPTIONAL) - Report Page Client WSAT (OPTIONAL) - Report Page
Rev.| PTS-C1.0 Rev[ PTS-C 1.0 IO PS \" TI M E
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Page] Tofa SNIA SSS TWG: Solid State Storage Performance Test (PTS) Page[ Tofa T
Device Under Test VENDOR: SSD MODEL NO: TEST Device Under Test VENDOR: SSD MODEL NO: TEST u u ‘ ‘
(DuT) ABC CO. MLC-A 256 GB SPONSOR CAL¥YE(§,8 (DUT) ABC CO. MLC-B 160 GB ‘ SPONSOR CA'-}(YPS(QS,,‘,? C
Serial No. | 0000-0000-FFFF DUT Preparation Test Loop Parameters Steady State Serlal No. | 0000-1111-FFFF. DUT Preparation Test Loop Parameters Steady State MLC'A M L 'B
BFOL Purge Security Erase  [REQUIRED: C N/A 02HD. Purge I Security Erase REQUIRED: C N/A
Capacity 256 GB Pre-Conditioning Data Pattern RND Rounds N/A Capacity 160 GB Pre-Conditioning Data Pattern RND Rounds N/A .
NanD Type MiC T Tester's Choice: PCAR 00% AN Type MLC “Workioad A Tester's Choice: PC AR 00% FOB 4KiB 55,896
Device1/F | 6 Gb/s SATA | Independent A 0I0/Thread (QD) 2 AR AMOUNT | 100% Device 1/F | 3 Gb/s SATA | Independent / 010/Thread (QD) 2 AR AMOUNT | 100%
RTP 2.0 CTS 6.5 | Workload Dep. RND 4KiB Thread Count (TC) 16 |AR N/A RTP 2.0 CTS 6. Dep. RND 4KiB Thread Count (TC) 16 |AR N/A
Client IOPS (Linear) vs Time (Linear, Client IOPS (Linear) vs Time (Linear, SS 4KiB 2,714 658
60000 60,000 e q
) Peak Drop 60 Min 46 Min
CaLypsa ~
50000 Systems 50,000 CALYPSO - -
Steady State 1,000 Min 275 Min
40000 40,000
o @
S 30000 £ 30000
20000 ‘ 20,000
1
="
10000 \ 10,000 NOTE:
W h MLC-B x & y axis are scaled
0 0 q
o 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600 to match MLC-A for comparison
Time (Minutes) Time (Minutes)
.
January 2012 50 SI \”A
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wsat  Comparing Client WSAT - IOPS v TGBW

Test Run Date: 11/17/2011 09:30 AM |_ Report Run Date:

11/22/2011 12:44 PM

Test Run Date: 11/21/2011 06:35 AM L Report Run Date: 11/24/2011 04:44 PM

Client WSAT (OPTIONAL) - Report Page

Client WSAT (OPTIONAL) - Report Page

SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev.[ PTS-C 1.0 SNIA SSS TWG: Solid State Storage Test Specification (PTS) Rev.] PTS-C1.0

Page| 3 of4 Page| 3of4

Device Under Test VENDOR: SSD MODEL NO: TEST Device Under Test VENDOR: SSD MODEL NO: TEST
(puT) ABC CO. MLC-A 256 GB SPONSOR CAL¥yet§"9 (puT) ABC CO. MLC-B 160 GB ‘ SPONSOR CA L¥y|;§r8
Serlal No. 0000-0000-FFFF DUT Preparation Test Loop Parameters Steady State Serial No. I 0000-1111-FFFF DUT Preparation Test Loop Parameters Steady State

Br01 Purge [ Ssecurity Erase N/A | 02rD. Purge [ Security Erase N/A

Capacity 256 GB Pre-Conditioning Data Pattern| RND Rounds N/A Capacity. 160 GB. Pre-Conditioning Data Pattern| RND Rounds N/A
NAND Type MLC Workload n Tester's Choice: PC AR 100% jorkload —- Tester's Choice: PC AR 100%
Device 1/F | 6 Gb/s SATA | Independent 010/Thread (QD) 2 AR AMOUNT 100% Device 1/F | 3 Gb/s SATA Ifdependent 0I0/Thread (QD) 2 AR AMOUNT 100%

RTP 2.0 CTS 6.5 | Workload Dep. RND 4KiB Thread Count (TC) 16 /AR Segments N/A rkload Dep. RND 4KiB Thread Count (TC) 16 IAR Segments N/A

60000 \1

50000

40000

Client IOPS (Linear) vs Total Gigabytes Written (Linear)

Client IOPS (Linear) vs Total Gigabytes Written (Linear)

CaLypPso

Systems

Q@
& 30000

20000 \

N
N

0 200 400 600 800 1000 1200 1400

Total Gigabytes Written (GB)

1600 1800 2000

60,000

N

40,000 \\\
N\

30,000
2 N
£ \
20,000 ‘
10,000
0
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Total Gigabytes Written (GB)

January 2012
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IOPS v TGBW

MLC-A MLC-B

FOB 4KiB 55,896

20,364

SS 4KiB 2,714 658

Peak Drop 250 TGBW 38 TBBW

Steady State 1,400 TGBW 80 TGBW

Peak Drop
User Capacity

1 Drive Fill .38 Drive Fills

Steady State
User Capacity

5 Drive Fills .8 Drive Fills

NOTE:
MLC-B x & y axis are scaled
to match MLC-A for comparison

NOTE:
MLC-B TGBW is limited by slower
RND 4KiB W speed (1440 minute test)

MLC-A interface is 6Gb/s
MLC-B interface is 3Gb/s

B
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wsatT Comparing Enterprise WSAT - IOPS v TIME

Test Run Date:

11/07/11 08:40 AM Report Run Date:

Enterprise WSAT (REQUIRED) - Report Page

11/14/2011 08:45 AM

Test Run Date:

11/02/2011 11:54 AM Report Run Date:

11/14/2011 01:15 AM

Enterprise WSAT (REQUIRED) - Report Page

SNIA SSS TWG: Solid State St Perfy Test Specification (PTS; Rev] PTS'E 1.0 SNIA SSS TWG: Solid State St Perf Test PTS; Rev.| PTS'E 1.0
: Solid State Storage Performance Test Specification (PTS) Fage|  Tofd : Soli e Storage Performance Tes (PTS) Fage| Lofa
Device Under Test | VENDOR: SSD MODEL NO: TEST Device Under Test | VENDOR: SSD MODEL NO: TEST
DUT) ABC CO. SLC-A 100 GB SPONSOR CAL¥,|:R,.9 DUT) ABC CO. SLC-B 100 GB ‘ SPONSOR CAL!,?,.%,..O,
Serial No. | 11110000 F5FF DUT Preparation Test Loop WA SeriaiNo. | iianivere DUT Preparation Test Loop VA
son___|Purge [ Format Unit Rounds WA as01 Purge [_Security Erase Rounds /A
Capacity 100 GB Pre-Conditioning Data Pattern| RND PC AR 100% Capacity 100 GB Pre-Conditioning Data Pattern| RND PC AR 00%
NAND Type SiC Workload None Tester's Choice: AR AMOUNT | 100% NAND Type sic Workload None Tester's Choice: AR AMOUNT | _100%
DeviceI/F [ 6 Gb/s SAS | Independent 010/Thread (QD) 16  |AR Segments| N/A Device 1/F | 6 Gb/s SATA | Independent 010/Thread (QD) 16 |AR N/A
RTP 2.0 CTS 6.5 | Workload Dep. RND 4KiB Thread Count (TC) OPT: N/A RTP 2.0 CTS 6. Dep. RND 4KiB Thread Count (TC) OPT: N/A
Enterprise IOPS (Linear) vs Time (Llnear) Enterprise IOPS (Linear) vs Time ngnear[
60,000 60,000
CALyPso
System
50,000 50,000 Calypso
40,000 40,000
4 4 \
930,000 230,000
20,000 k
4 20,000 N
P—m
10,000 10,000
o 0
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Time (Minutes) Time (Minutes)
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IOPS v TIME

SLC-B

WSA

FOB 4KiB

SS 4KiB

Peak Drop

Steady State

NOTE:
SLC-Ax & y axis are scaled
to match SLC-B for comparison

NOTE:

SLC-B TIME is less due to faster
RND 4KiB W speed (to X User Capacity)

A
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wsatT Comparing Enterprise WSAT - IOPS v TGBW

Test Run Date:

11/07/11 08:40 AM Report Run Date:

11/14/2011 08:45 AM

Test Run Date:

11/02/2011 11:54 AM Report Run Date:

11/14/2011 01:15 AM

Enterprise WSAT (REQUIRED) - Report Page

Enterprise WSAT (REQUIRED) - Report Page

SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev.| PTSE 1.0 SNIA SSS TWG: Solid State Storage Per Test (PTS) Rev.| PTSE 1.0
Page| 3o0f4 Page[ 3of4
Device Under Test | VENDOR: SSD MODEL NO: TEST Device Under Test | VENDOR: SSD MODEL NO: TEST
(DuT) ABC CO. SLC-A 100 GB SPONSOR CAL!,': §,.<.? (DuT) ABC CO. SLC-B 100 GB ‘ SPONSOR cAL!,':é"?
SerialNo. | 11110000 F5FF DUT Preparation Test Loop WA SeriNo. | 11111111 FFFF DUT Preparation Test Loop WA
BroA Purge [ Format Unit Rounds /A 8901 Purge [ Security Erase Rounds A
Capacity 100 GB Pre-Conditioning Data Pattern| RND PC AR 100% Capacity 100 GB Pre-Conditioning Data Pattern| RND PC AR 100%
NAND Type sic Workload m Tester's Choice: AR AMOUNT | _100% AND Type sic Workload - Tester's Choice: AR AMOUNT | 100%
bevice1/F | 6 Gb/s SAS | Independent fone 010/Thread (QD)| 16 |AR Segments| N/A evice /7 | 6 Gb/s SATA | Independent one 010/Thread (QD)| 16 [AR Segments| WA
RTP 2.0 CTS 6.5 | Workload Dep. | RND 4KiB Thread Count (TC)| 2 OPT: N/A RTP 2.0 CTS 6.5 | Workload Dep. | RND 4KiB Thread Count (TC)[ 2 OPT: N/A
Enterprise IOPS (Linear) vs TGBW (Linear) Enterprise IOPS (Linear) vs Total Gigabytes Written (Linear)
60,000 60,000
50,000 CaLypso
ICALYRSO 50,000 o
40,000 40,000
£ 2
2 30,000 2 30,000
20,000 20,000
10,000 10,000
0 0
[ 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Total Gigabytes Written (GB) Total Gigabytes Written (GB)
January 2012 53

WSA

FOB 4KiB
SS 4KiB
Peak Drop

Steady State

Peak Drop
User Capacity
Steady State
User Capacity

NOTE:

IOPS v TGBW

SLC-B

55,677

19,415

70 TGBW

200 TBBW

150 TGBW

600 TGBW

.7 Drive Fill

2 Drive Fills

1.5 Drive Fills

6 Drive Fills

SLC-A x & y axis are scaled
to match SLC-B for comparison

A
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lors  Comparing Client IOPS

Test Run Date: 11/14/2011 12:39 AM Report Run Date: 11/21/2011 04:12 PM Test Run Date: 11/17/2011 10:54 AM Report Run Date: 11/21/2011 04:47 PM
Client IOPS (REQUIRED) - Report Page CLIENT IOPS (REQUIRED) - Report Page
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) ::é PT::: ;‘0 SNIA SSS TWG: Solid State Storage Test Specification (PTS) ::g\:% PT: ':f ;.o RN D Steady State
o | ascco. VLA 256 6B sronsor | CALYPSO o | ecco. WiCs 160 6B \ sromsor | CALYPSO IOPS
Serial No. | 0000-0000-FFFF. DUT i Test Loop Para Steady State Serial No. | 0000-1111-FFFF DUT ion Test Loop Steady State MLC'A M LC'B
BFO1 Purge | Security Erase | REQUIRED: YES 02D, Purge | Security Erase |REQUIRED: YES
Capacity. 256 GB Pre-Conditioning Data Pattern RND Rounds 1-5 Capacity. 160 GB Pre-Conditioning Data Pattern RND Rounds 9-13 .
AN Type Wi Workdasd | . e |Tester's Choice: PCAR T00% NAND Type MiC Workload Tester's Choice: PCAR 100% 0.5KiB 100% R
oevie1/7 | 6 Gb/s SATA_| Independent /128K 0I0/Thread (QD)| 8 [ARAMOUNT | isGe eveet/r | 3 Gbjs SATA_| Independent | 2X SEQ/128KiB 010/Thread (@D)| 1 [ARAMOUNT | 16 G
RTP 2.0 CTS 6.5 |Workload Dep.|  Full IOPS Loop Thread Count (TC) 1 |AR 2048 RTP 2.0 CTS 6.5 |Workload Dep.| Full IOPS Loop Thread Count (TC)| 32 [AR 2048 .
Client IOPS - ALL RW Mix & BS - 3D Columns TOPS - ALL RW Mix & BS - 3D Columns 4KiB 100% R
w0 w5 mess wsoso wres ws mio0D o was e v e o —ioom 4KiB 65:35 RIW
Cavieso 4KiB 100% W
70,000 - ALYPS
jrotems 70,000 ¢ CALYP$~9
60,000 128KiB 65:35
60,000
50,000 - |
50,000 -
& 40,000
2 30,000 - § oy NOTE:
' = 30000 - MLC-A y-axis is scaled to match MLC-B for comparison
20,000
20,000
10,000 -
10000 | Key Points:
0~ |
0~ * MLC-B:
* Higher small block Reads
Block Size (KiB) * Lower small block Writes.
+ MLC-A
* More balanced Block Size optimization
* Generally higher W performance
* Writes have a disproportionately strong influence in any
R/W mix performance (note 65/35 R/W comparisons)
January 2012
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lors  Comparing Client IOPS

Test Run Date: 11/14/2011 12:39 AM__ | Report Run Date: 11/21/2011 04:12 PM Test Run Date: 11/17/2011 10:54 AM__ | Report Run Date: 11/21/2011 04:47 PM
Client IOPS (REQUIRED) - Report Page CLIENT IOPS (REQUIRED) - Report Page
w PTS-C 1.0
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev.| PTS-C 1.0 SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev|
Page| 4of6 Page] 4 0of6
Device Under Test VENDOR: SSD MODEL NO: TEST Device Under Test VENDOR: SSD MODEL NO: TEST
(DUT) ABC CO. MLC-A 256 GB SPONSOR ALE’;?"Q (DUT) ABC CO. MLC-B 160 GB SPONSOR AL¥yFs,t§nQ
Serial No. 0000-0000-FFFF DUT Preparation Test Loop Parameters Steady State Serial No. 0000-1111-FFFF DUT Preparation Test Loop Parameters Steady State
Firmware Rev BFO1 Purge | Security Erase |REQUIRED: Convergence YES Firmware Rev 02HD Purge | Security Erase |REQUIRED: Convergence YES
Capacity 256 GB Pre-Conditioning Data Pattern RND Rounds 1-5 Capacity 160 GB Pre-Conditioning Data Pattern RND Rounds 9-13
NAND T MLC q ice: PC AR 100% YRS MLC Tester's Choice: PC AR 100%
- s Workload 2X SEQ/128KiB Tester's Choice o - Workload 2X SEQ/128KiB ester's Choice -a
pevice /F | 6 Gb/s SATA | Independent 0IO/Thread (QD) 8 AR AMOUNT | 16 GiB Device I/F | 3 Gb/s SATA | Independent 0IO0/Thread (QD) 1 AR AMOUNT | 16 GiB
Test Platform| RTP 2.0 CTS 6.5 |Workload Dep. |  Full IOPS Loop Thread Count (TC) 1 AR Segments| 2048 Test Platform| RTP 2.0 CTS 6.5 | Workload Dep.|  Full IOPS Loop Thread Count (TC) 32 |AR Segments| 2048
Client IOPS - ALL RW Mix & BS — Tabular Data CLIENT IOPS - ALL RW Mix & BS — Tabular Data

Block Size Read / Write Mix %
(KiB) 0/100 35/65 50/50 65/35 95/5 100/0

Block Size Read / Write Mix %
(KiB) 0/100 65/35 50/50 35/65 95/5 100/0

14202 1,162.2 1,654.6 1,965.6 2,717.7 11,970.0 29,860.1 0.5 IEETIX] 234.4 307.6 436.3 3,046.3 64,918.3
3,147.0 I 2,896.6 3,044.4 3,454.4 3,779.3 13,005.8 29,876.3 4 151.9 230.6 293.4 425.5 3,081.5 38,087.5
1,589.7 2,055.0 2,238.9 2,898.1 11,568.2 21,723.1 ) 220.1 284.3 402.6 2,510.8 22,978.6

786.3 1,028.1 1,272.6 1,604.9 6,208.3 12,482.5 16 218.1 281.4 400.3 2,483.1 12,195.5

401.0 525.8 652.7 963.8 4,129.6 7,011.6 32 329.3 435.5 606.1 3,032.2 3,258.2

205.9 291.3 352.3 565.4 2,372.7 3,791.5 64 182.7 228.5 318.6 1,526.2 2,993.1

97.1 139.9 185.4 377.9 1,410.2 2,015.3 128 . 92.8 119.3 167.4 370.3 2,037.7
16.5 23.3 27.3 90.8 191.4 266.7 13.1 17.7 24.6 164.9 252.3

|
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IOPS

Comparing Enterprise IOPS

Test Run Date: 11/02/2011 02:56 PM__[ _Report Run Date: 11/14/2011 08:43 AM Test Run Date: 11/09/2011 11:35 AM Report Run Date: 11/14/2011 04:17 PM
Enterprise IOPS (REQUIRED) - Report Page Enterprise IOPS (REQUIRED)
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev.] PTS-E 1.0 SNIA SSS TWG: Solid State Storage Test Specification (PTS) Rev.] PTS-E 1.0
Page[ 60f6 Page| 60f6
Device Under Test | VENDOR: SSD MODEL NO: TEST Device Under Test | VENDOR: SSD MODEL NO: TEST
DUT) ABC CO. SLC-A 100 GB SPONSOR CAL‘{yl;?ne (DUT) ABC CO. SLC-B 100 GB ‘ SPONSOR CALEPSENQ
SerialNo. | 1111:0000-FFFF DuT Test Loop Steady State Seral No._|_1i11111597F DUT Test Loop Steady State
BFOA Purge [ Format Unit Convergence| YES = Purge [ Security Erase Convergence| YES
Capacity 100 GB Pre-Conditioni Data Pattern| RND Rounds 1-5 Capacity 100 GB Pre-C Data Pattern| RND Rounds 2-6
NAND Type sLC Workload | Tester's Choice: PC AR 100% NAND Type SLC Workload | Tester's choice: PC AR 100%
eneet/r | 6 Gb/s SAS | Independent | 2X SEQ/128KiB 0I0/Thread (QD)| 16 |ARAMOUNT | 100% v /7 | 6 Go/s SATA_ | Independent | 2X SEQ/128KiB 010/Thread (QD)| 16 |[ARAMOUNT | 100%
RTP 2.0 CTS 6.5 |Workload Dep.| Full IOPS Loop Thread Count (TC) 2 Iﬁ N/A RTP 2.0 CTS 6.5 | Workload Dep.| Full IOPS Loop Thread Count (TC) 2 /AR Segments| N/A
Enterprise IOPS - ALL RW Mix & BS - 3D C Enterprise IOPS - ALL RW Mix & BS - 3D Columns
oo mss mises wsos messs  msys mioo o0 msjes E3ses WSOSO Messss WSS A10000
[ | -
100,000 - CAL\QPSO" 100,000 | __CALYPSO
[ ystams. T A
90,000 | 90,000 ; 1
80,000 | 80000 - | | |
70,000 | 70000 |
60,000 60,000 +
£ g
G 50,000 o 50,000 {
40,000 40,000 |
30,000 30,000 1
20,000 20,000
10,000 | 10,000 ¢
0 0
Block Size (KiB) Block Size (KiB)
January 2012
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RND
IOPS

0.5KiB 100% R

Steady State

SLC-A SLC-B

4KiB 100% R

4KiB 65:35 R'W

4KiB 100% W

128KiB 65:35

NOTE:
SLC-B y-axis is scaled to match SLC-A for comparison

Key Points:

« SLC-A:
* Higher small block Reads
* Lower small block Writes.

* More balanced Block Size optimization

e Generally higher W performance
Writes have a disproportionately strong influence in any
R/W mix performance (note 65/35 R/W comparisons)
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Iops  Comparing Enterprise IOPS

Test Run Date: 11/02/2011 02:56 PM | Report Run Date: 11/14/2011 08:43 AM Test Run Date: 11/09/2011 11:35 AM__ | Report Run Date: 11/14/2011 04:17 PM
Enterprise IOPS (REQUIRED) - Report Page Enterprise IOPS (REQUIRED) - Report Page
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev.l PTS-E 1.0 SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev.l PTS-E 1.0
Page| 4 0f 6 Page| 4 of 6
Device Under Test VENDOR: SSD MODEL NO: TEST Device Under Test VENDOR: SSD MODEL NO: TEST
(DUT) ABC CO. SLC-A 100 GB SPONSOR AL!yﬁ?,g (DUT) ABC CO. SLC-B 100 GB SPONSOR L!yl;?n(‘?
Serial No. 1111-0000-FFFF DUT Preparation Test Loop Parameters Steady State Serial No. 1111-1111-FFFF DUT Preparation Test Loop Parameters Steady State
Firmware Rev BFOA Purge | Format Unit REQUIRED: Convergence YES Firmware Rev B9O1 Purge | Security Erase |REQUIRED: Convergence YES
Capacity 100 GB Pre-Conditioning Data Pattern| RND Rounds 1-5 Capacity 100 GB Pre-Conditioning Data Pattern| RND Rounds 2-6
NAND T SLC T 's Choice: PC AR 100% NAND Ty, SLC " ice: PC AR 100%
- ype Workload 2X SEQ/128KiB ester's Choice: o pe Workload 2X SEQ/128KiB Tester's Choice: o
Device I/F 6 Gb/s SAS Independent 0IO/Thread (QD) 16 AR AMOUNT | 100% Device I/F | 6 Gb/s SATA | Independent 0I0/Thread (QD) 16 AR AMOUNT | 100%
Test Platform| RTP 2.0 CTS 6.5 [Workload Dep.|  Full IOPS Loop Thread Count (TC) 2 /AR Segments N/A Test Platform| RTP 2.0 CTS 6.5 | Workload Dep.| Full IOPS Loop Thread Count (TC) 2 AR Segments N/A
Enterprise IOPS - ALL RW Mix & BS - Tabular Data Enterprise IOPS - ALL RW Mix & BS - Tabular Data
Block Size Read / Write Mix % Block Size Read / Write Mix %
(KiB) 0/100 5/95 35/65 50/50 65/35 95/5 100/0 (KiB) 35/65

16,634.7 20,678.6 24,402.8 29,386.2 72,428.4 95,924.3 13,2557 13,581.2 15,581.3 18,393.7 21,115.5 40,004.8 43,368.3
0 17,032.2 20,234.2 23,705.2 28,018.6 63,447.7 93,707.0 19,560.6 20,238.4 23,886.3 26,641.2 29,827.0 41,460.1 46,365.3
9,559.5 9,998.4 12,547.1 14,636.6 17,199.1 37,872.9 50,301.2 10,630.3 11,033.1 13,806.4 15,780.9 18,244.6 27,803.9 32,259.3
\ 4,842.2 5,032.3 6,802.5 8,132.1 9,655.8 22,462.2 31,072.8 5,620.5 5,824.9 7,451.9 8,651.6 10,174.7 15,772.3 18,309.1
\,413.3 2,535.4 3,478.4 4,241.3 5,061.7 12,174.7 15,994.2 \ 2,872.2 3,002.7 3,862.5 4,513.2 5,377.6 8,337.0 9,472.3
1)819.2 1,275.7 1,728.4 2,126.1 2,726.3 6,284.6 8,094.9 \1,461.8 1,515.4 1,962.1 2,293.9 2,751.4 4,304.9 4,829.3
GNJ 632.5 859.1 1,061.4 1,709.4 3,205.7 4,060.8 V35.7 763.7 987.4 1,148.8 1,389.0 2,187.9 2,439.4

74! 78.0 103.6 126.7 202.7 398.8 514.6 ‘.5 95.9 124.1 144.6 173.1 277.2 307.6

\

A
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TP Comparing Client Throughput

Test Run Date: 11/13/2011 10:24 AM Report Run Date: 11/21/2011 04:03 PM Test Run Date: 11/15/2011 12:46 AM Report Run Date: 11/21/2011 04:50 PM
Client Thr Test (REQUIRED) - Report Page Client Throughput Test (REQUIRED) - Report Page
. - Rev.| PTS-C1.0 i i Rev.| PTS-C1.0 s EQ
s SNIA SSS TWG: Solid State St Perf
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Page|  Sof5 ol e Storage Performance Test (PTS) Page] S of5 teady State
Device Under Test | VENDOR: SSD MODEL NO: TEST Device Under Test | VENDOR: SSD MODEL NO: TEST 1 024 KI B
(DUT) ABC CO. MLC-A 256 GB. SPONSOR CALE,-:(?"(‘? (buT) ABC CO. ‘ MLC-B 160 GB ‘ SPONSOR CALEIPSEN(‘?
Serial No. | _0000-0000 FFFF DUT i Test Loop Steady State Serial No. | 0000-1111.FFFF DUT Preparation Test Loop Parameters Steady State MLC-B
8701 Purge [ Security Erase YES 021D Purge [ Security Erase YES T P =
Capacity 256 GB. Pre-Conditioni Data Pattern| RND Rounds s capacity 160 GB. Pre-Conditioning Data Pattern| RND Rounds 1-5
IANDTVES mMLe Workload Tester's Choice: PC AR 100% rkload | Tester's choice: PC AR 100%
| _PCAR ] 1o0% | 2X SEQ/128KiB
oovce /7 | 6 Gojs SATA | Independent | 2X SEQ/128KiB 010/Thread (QD)| 32 [AR AMOUNT | isGi dipendent R 010/Thread (QD)| 2 [ARAMOUNT| isGi 100% R 417 MB/s 264 MB/s
RTP 2.0 CTS 6.5 |Workload Dep.|  SEQ 1024KiB Thread Count (TC) 32 |AR Segments| 2048 fload Dep.| SEQ 1024KiB Thread Count (TC) 1 AR Segments| 2048
Client Throughput - ALL RW Mix & BS - 2D Plot | Client Thr - ALL RW Mix & BS - 2D Plot

100% W 267 MB/s 99 MB/s

600 600
500 C ALYPSO - \ CAL\(PS?
- 400 400 \ i
5 5 \ Key Points:
_g. 300 267 g 300 s ° MLC-A:
H g + DUT Interface 6Gb/s SATA
20 200 \ » Higher large block SEQ Reads & Writes
100 100 i MLC-B
* DUT Interface 3 Gb/s SATA
0 0 * Slower large block SEQ Reads & Writes
0/100 100/0 0/100 100/0
R/W Mix R/W Mix

A
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TP

Test Run Date:

Comparing Enterprise Throughput

IS
S
s

00

Throughput (MB/s)
w

200

0/100

R/W Mix

100/0

IS
S
s

Throughput (MB/s)
8
5

0/100 100/0

R/W Mix

Key Points:

SLC-A:

12/04/2011 08:21 AM | _ Report Run Date: 12/04/2011 10:03 AM Test Run Date: 12/04/2011 10:43 AM__|__ Report Run Date: 12/04/2011 11:48 AM
Enterprise Thr Test (REQUIRED) - Report Page Enterprise Thr Test (REQUIRED) - Report Page SE
SNIA SSS TWG: Solid State St Perf Test Specification (PTS) Rou] PTSE 10 NIA SSS TWG: Solid State St Test (PTS) Rev. PTS-E 1.0 Stead State
: Solid State Storage Performance Test Spe o Page|  Sofs si : Solid State Storage est Page]  Sofs y
Device Under Test | VENDOR: SSD MODEL NO: TEST Device Under Test | VENDOR: SSD MODEL NO: TEST 1 024 KI B
ABC CO. SLC-A 100 GB SPONSOR CALEFS"?,,? (DuT) ABC CO. SLC-B 100 GB ‘ SPONSOR CAL!;:&,.(‘?
Serial No. | 1111.0000-FFFF DUT Preparation Test Loop Steady State SerialNo. | 11111111 FFFF DUT Preparation Test Loop Steady State T P S Lc_ A S LC 3
BFOA Purge [ Format Unit Convergence| YES 8901 Purge [ Security Erase YES
Copacity 100 B Pre-Conditioni Data Pattern| RND Rounds 48 Copacity 100 GB Pre-Conditioning Data Pattern| RND Rounds a8
NAND Type Sic ‘Workload  |Tester's choice: PC AR 100% NAND Type sic Workload Tester's Choice: PC AR 100% o,
e 1/r | G Gb/sSAS | Independent | X SEQ/128KiB 010/Thread (QD)| 16 |AR AMOUNT | 100% owiee 177 |6 Go/s SATA_| Independent | 2X SEQ/128KiB 010/Thread (QD)| 16 |AR AMOUNT | 100% 100% R 514 MB/s 437 MB/s
RTP 2.0 CTS 6.5 | Workload Dep. |  SEQ 1024KiB Thread Count (TC)| 2 [AR /A RTP 2.0 CTS 6.5 | Workload Dep. |  SEQ 1024KiB Thread Count (TC)| 2 [AR Segments| WA
Enterprise 1024KiB Throughput - ALL RW Mix & BS - 2D Plot Enterprise 1024KiB Throughput - ALL RW Mix & BS - 2D Plot
P! Eilhrotight P 100% W 157 MB/s 205 MB/s
600 600
500 500 CA LYP Syp

» Higher large block SEQ Reads & Writes

¢ DUT Interface 6 Gb/s SATA

200 » DUT Interface 6 Gb/s SAS
« SLC-B
100 10 +  Slower large block SEQ Reads & Writes
0 0

January 2012
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LAT

Comparing Client Latency AVE

Test Run Date: [ T1/11/2011 09:53 AM Report Run Date: | 11/15/2011 03:34PM Test Run Date: [ 11/16/2011 01:01 AM Report Run Date: | 11/22/2011 10:40 AM
Client Laten REQUIRED) - Report Page Client Latency (REQUIRED) - Report Page
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev.| PTS-C1.0 SNIA SSS TWG: Solid State Storage Test (PTS) Rev.[ PTS-C1.0
Page[ 5o0f6 Page[ 50f6
Device Under Test VENDOR: SSD MODEL NO: TEST Device Under Test VENDOR: SSD MODEL NO: TEST
(DbuT) ABC CO. MLC-A 256 GB SPONSOR CAL!&?,S ABC CO. MLC-B 160 GB ‘ SPONSOR CAL!yE;?,‘('?
Serial No. 0000-0000-FFFF DUT Preparation Test Loop Parameters Steady State Serial No. 0000-1111-FFFF DUT Preparation I Test Loop Parameters Steady State
BrO1 Purge | Security Erase | REQUIRED: YES 021D Purge [ Security Erase | Convergence| YES
Capacity 256 GB Pre-Conditioning Data Pattern RND Rounds 4-8 Capacity 160 GB. Pre-C itionis Rounds 12-16
NAND Type MLC Workload . Tester's Choice: PC AR 100% NAND Type MLC W Tester's Choice: PC AR 100%
2X SEQ/128KiB P | SIRioar i
Device 1/F | 6 Gb/s SATA | Independent ! ! 010/Thread (QD) 1 AR AMOUNT | 16 GiB Device I/F | 6 Gb/s SATA | Independent ZCSEQ/123KE 010/Thread (QD) 1 AR AMOUNT | 16GiB
RTP 2.0 CTS 6.5 | Workload Dep. | Full Latency Loop Thread Count (TC) 1 [AR 2048 RTP 2.0 CTS 6.5 | Workload Dep. |  Full LAT Loop Thread Count (TC) 1 QAR 2048
Client - AVE Latency vs BS and R/W Mix - 3D Plot Client - AVE Latency vs
CaLypso CALyPso
140 - ystarms
1.40 -
120
1.20 -
1.00 -
1.00 -
0.80 7
E— 0.80
= P
E 0.60 £ 1
g = 0.60
F 0.40 r 0.40 - ’
0/100 3 0/100
020 ! A 0.20 :
65/35 65/35
000 000 - R/W Mix
100/0 05 TTT—— 100/0
/ R/W Mix 2 N /
Block Size (KiB) 8
Block Size (KiB)
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Latency
RND 4KiB

Steady State

AVE MLC-A

100% R AVE

MLC-B

0.20 mSec

0.19 mSec

65/35 R/W AVE 0.33 mSec 0.65 mSec

100% W AVE

0.35 mSec 1.00 mSec

Key Points:
*  MLC-A:

More stable & faster RND 4KiB AVE Latency
» Higher RND 0.5KiB 100% W AVE Latency

Slower overall RND 4KiB AVE Latency
» Higher RND 8KiB 100% W AVE Latency
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LAT  Comparing Client Latency MAX

Test Run Date: | 11/11/2011_09:53 AM Report Run Date: | 11/15/2011 03:34 PM Test Run Date: | 11/16/2011 01:01 AM Report Run Date: | 11/22/2011 10:40 AM
Client Latency (REQUIRED) - Report Page Client Latency (REQUIRED) - Report Page Latenc
- - Rev.| PTS-C 1.0 . e Rev.| PTS-C1.0 y St d St t
: SNIA SSS TWG: Solid State St Test PTS;
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Page| 66 ol e Storage es (PTS) Page]  Gofs = ea y ate
Device Under Test | VENDOR: SSD MODEL NO: TEST Device Under Test | VENDOR: SSD MODEL NO: TEST RN D 4 K B
ABC CO. MLC-A 256 GB SPONSOR CA L\s(y':é"(,? (DuT) ABC €O. MLC-B 160 GB ‘ SPONSOR CALE,E,E"? 1
SerialNo. | 0000-0000-FFFF DUT Preparation Test Loop Parameters Steady State SertalNo. | 000011117 DUT Preparation Test Loop Parameters Steady State M AX MLC-A MLC-B
BFOL Purge [ Security Erase Convergence| YES 02HD. Purge | Security Erase | REQUIRED: C YES
Capacity 256 GB Pre-Conditioning Data Pattern| RND Rounds = Copacity 160 GB itionil ' Rounds 1216
NAND Type MLC Workload - Tester's Choice: PC AR 100% NAND Type MLC ‘Workload Tester's Choice: PC AR 100%
2X SEQ/128KiB e 2 Y
Deviee1/r | 6 Gb/s SATA | Independent Q225K 0IO/Thread (QD)| 1 [ARAMOUNT | 16GB eveet/r | 6 Go/s SATA | Independent | 2X SEQ/128KiB 010/Thread (QD)| 1 B[ARAMOUNT | 16GiB 100% R MAX 1.59 mSec 1.43 mSec
RTP 2.0 CTS 6.5 |Workload Dep.| Full Latency Loop Thread Count (TC) 1 AR 2048 RTP 2.0 CTS 6.5 | Workload Dep. Full LAT Loop Thread Count (TC) 1 IAR Segments| 2048
Client - MAX Latency vs BS and R/W Mix - 3D Plot Client - MAX Latency vs
65/35 RIW MAX 50.02 mSec 283.21 mSec
289.26 ALYPSO 0
28829 s CALIPSC 100% W MAX 51.05 mSec 288.29 mSec
CALYPSO 300.00 1
ystems
3000 250,00
2500 200.00 ¥
i E 15000 |
200.0 £ o
_ 5214 sos 2 Key Points:
= ¥ E
E 1500 52.76 F 100.00 - | .
; ) e *  MLC-A:
F 100.0 ] 50.00 o /
0/100 Ay 3
50.0 - .

1a 6535 * More stable & faster RND 4KiB MAX Latency
- 477 /
0.5

7 000 - o , W » Smaller RND 0.5KiB & 8KiB MAX Latency
o B ' " R/w Mix ) o

Tt - MLC-B
—— - 100/0

Block Size (KiB)

» Slower overall RND 4KiB MAX Latency
Block Size (KiB) » Higher RND 0.5KiB & 8KiB MAX Latency
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LAT

Comparing Enterprise Latency AVE

Test Run Date: | _11/10/2011 05:07 AM Report Run Date: | 11/14/2011 08:47 AM Test Run Date: EAtei—ZIS:s/:Oli;':lez:A PFREQUI::);)ﬂ R;’;”::fpa {e 12/04/2011 03:22 PM
Enterprise Latency (REQUIRED) - Report Page P cy L 9 Rev] PTSE
- ev. -
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) :e‘/} "rssi :"’ SNIA SSS TWG: Solid State Storage Test (PTS) Page| _50f6
age o -
Device Under Test | VENDOR: SSD MODEL NO: TEST CALYP De‘"“(:l'}:;' Test | VenDON S ‘ SPomaoR CaLypPso
(DUT) ABC CO. SLC-A 100 GB SPONSOR Sy“ems . e 5;5‘5"‘5
‘Serial No. 5 - DUT Py i Te P:
Semivo. | tizoo00rrr DUT Preparation Test Loop Parameters Steady State eame . UT Preparation est Loop Parameters teady State
: wo:__|Purge Security Erase__|REQUIRED: c VEs
wor_ [Purge L N REQURED: < e Capacity 100 GB Pre-Conditionin Data Pattern| RND Rounds 59
Copacity 100 GB Pre-Conditioning Data Pattern| RND Rounds 37 T = g I e —
'vpe Workload ester's oice:
NAND Type sLC Workload __ |Tester's Choice: PC AR 100% 2X SEQ/128KiB
evice Independent
vevca1/7 | 6 Gb/s SATA_| Independent | 2X SEQ/128KiB 010/Thread (QD)| 1 |[ARAMOUNT | 100% e R::"Z"é 5;’;':5 e ol AT L ;:'m/ :'"c:“ ('::) N ::SAMOU'" ‘:/“:”
RTP 2.0 CTS 6.5 | Workload Dep.|  Full LAT Loop Thread Count (TC) AR NA - ‘E t° oad "" VE:. - oon S ": = "'""“': ) 3D ot sgmants
Enterprise AVE Latency vs BS and R/W Mix - 3D Plot nterprise ALENCYivVS) andIRY xS o]
CALyPso
CALYPSO
025 - .
025
017 5 020
020 7 013 008 0.14 U
_ 0.09 =
2 E 0.15
£ 0.5 v
v 015 016 017 g
£ = 010 - |
= 010 [
hrioo o100
/ 0.05 * /
005
65/35 65/35
0.00
0.00
os . 100/0 R/W Mix ) 100/0 R/W Mix
4 - / 8
8
Block ize (KiB) Block size (KiB)
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Latency

Steady State

SLC-A

RND 4KiB

AVE

100% R AVE

SLC-B

0.16 mSec

0.18 mSec

65/35 R/W AVE 0.14 mSec 0.16 mSec

100% W AVE

0.09 mSec

0.08 mSec

Key Points:
¢ SLC-A&SLC-B:

» Comparable AVE Latency speeds
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LAT

Comparing Enterprise Latency MAX

Test Run Date: [ 11/10/2011 05:07 AM Report Run Date: | 11/14/2011 08:47 AM Test Run Date: [ 12/04/2011 12:14 PM Report Run Date: | 12/04/2011 03:22 PM
Enterprise Latency (REQUIRED) - Report Page Enterprise Latency (REQUIRED) - Report Page
. .| prsE1.0 . -
SNIA SSS TWG: Solid State Storage Performance Test Specification (PTS) Rev | SNIA SSS TWG: Solid State Storage Test (PTS) Rev.[ PTSE
Page[ 60f6 Page| 60f6
Device Under Test VENDOR: SSD MODEL NO: TEST Device Under Test VENDOR: SSD MODEL NO: TEST
DUT) ABC CO. SLC-A 100 GB SPONSOR CAL y':é.ﬁ? (DUT) ABC CO. SLC-B 100 GB SPONSOR CAL!,’:‘ES"?
Serial No. | 1111-0000-FFFF DUT Preparation Test Loop Parameters Steady State serial No. | 1111.3111.FFFF DUT Preparation Test Loop Parameters Steady State
BFOA Purge [ Format Unit Convergence| YES = Purge [__Security Erase Convergence| VES
Capacity 100 GB Data Pattern| RND Rounds 37 Capacity 100 GB Pre-C Data Pattern| RND Rounds 5-9
NAND Type. SLC ‘Workload ) Tester's Choice: PC AR 100% NAND Type sLC Workload ) Tester's Choice: PC AR 100%
Sevice /7 | 6 Gbjs SATA_| Independent | 2% SEQ/128KiB 010/Thread (QD)| 1 |[ARAMOUNT | 100% beviee 1/ | 6 Gbjs SATA | Independent | 2X SEQ/128KiB 010/Thread (QD)| 1 |ARAMOUNT| 100%
RTP 2.0 CTS 6.5 | Workload Dep. Full LAT Loop Thread Count (TC) 1 IAR Segments| N/A RTP 2.0 CTS 6.5 | Workload Dep. Full LAT Loop Thread Count (TC) 1 AR N/A
Enterprise MAX Latency vs BS and R/W Mix - 3D Plot Enterprise MAX Latency vs BS and R/W Mix - 3D Plot
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Latency
RND 4KiB

Steady State

MAX SLC-A

100% R MAX

SLC-B

6.26 mSec

0.39 mSec

65/35 RIW MAX 46.78 mSec 442.49 mSec

100% W MAX

32.63 mSec 443.94 mSec

Key Points:
« SLC-A:

More stable & faster RND 4KiB MAX Latency
Smaller RND 0.5KiB & 8KiB MAX Latency

« SLC-B

Slower overall RND 4KiB MAX Latency

Much Higher RND 65/35 and 100% W MAX
Latency
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Basic Test Procedures

Verified Test Environment. Do not bottleneck SSD performance.

*  Hardware Bottlenecks - Anywhere within the data/control paths (HBA, data bus lanes, RAM CPU)
+  Software Influences - OS background tasks, application software, APIs and device drivers

+ Test Software Tools - Stimulus generators and Measurement tools can introduce performance overhead

Normalized Test Platform. Use the SAME platform to normalize the test environment across measurements.

Calibration. Periodically calibrate using the same test stimulus / workload on a known device.

Test Plan. A good test plan enumerates test objectives, test methodology and selection of tests.

This includes:

« establishing the relevance of the test to the test objectives

» defining the test baseline, and
« prescribing the test procedures, number samples, test runs and statistical analysis employed.
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SSD Specific Testing

Purge
Any SSD test should begin with a device Purge.

Preconditioning
Precisely define the preconditioning regime.

Steady State
Precisely define the preconditioning workload and steady state determination criteria.

Demand Intensity
Map the target SSD on the test platform to determine the optimal OIO settings for the given test.

Block Size Sequencing
Avoid Block Size Sequence / Cross Stimulus effects on the SSD performance.

Test Stimulus Workload
Ensure the test workload is relevant to the characteristics of the targeted user workload.

i |
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SSD Test Best Practices

Use Standardized Methodologies
Benefit from industry, scientific and academic research in SSD tests and methodologies.

Reference Test Platform (RTP)
Normalize the test environment and ensure repeatable and reproducible test results.

Standardized Tests
Use of the RTP / PTS allows for easy comparison of performance between different SSD devices.

Standardized Reporting
Ensures test standards compliance and disclosure of required test set-up conditions.

SNIA SSS PTS

Uniform prescriptions for SSD testing allows valid comparison and understanding of SSD device performance.

i |
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Conclusion

NAND storage technology increases performance by orders of magnitude.

SSD performance characteristics are considerably different from those of conventional spinning drives.
NAND based SSDs are very “write history” sensitive requiring precise preconditioning & steady state
SSD Test Environments can Adversely affect test results.

New SSD Testing is Required for accurate, objective comparison.

Use SNIA PTS & RTP for SSD Test & Measurement.

End Users’ workloads are infinitely diverse.

Knowing the attributes of the particular 10 profile, end users can select those test results
which best represents their workloads and disregard those less relevant.
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SSD Client & Enterprise
PTS Comparison Data

Available at
www.snhia.org/forums/sssi/pts
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