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Motivation

* No Industry Standard

« No standard methodology, common terminology, nor
test environment for measuring SSS performance

= Ad Hoc Tests & Benchmarks

« SSS makers/reviewers use different applications, OS
and hardware; produces and uses selected metrics




SSD Performance Varies Over Time




Many Different Kinds of Behaviors



ltems Impacting SSD Performance
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A Solution is in Emerging

= SSS PTS

« SNIA SSSI & TWG Solid State Storage Performance
Test Specification (SSS PTS) v 0.9 — 60 Day Public
Review

» Standardized Tests & Methodologies
- Effectively measure device performance of SSS




Key Concepts

* The SSS PTS introduces key basic concepts:

- Common Starting Point - start test by first placing the
drive into a known, repeatable state

» Pre-conditioning — from the common starting point, pre-
conditioned the drive




The SSS PTS

» Test Platform Agnostic — No specified test
environment

- Test Tool Requirements — Sets out minimum
requirements a test application and the test
environment must be able to do
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Calypso’'s SSD Reference Test

Platform

= The SNIA SSS TWG approved a “Reference Test
Platform”, which specified a set of hardware and
options for software to allow direct comparisons

» Calypso has developed a RTP product based on this
recommendation

» A significant portion of the data used as input to inform
the formation of the Spec is taken on the Calypso RTP




Calypso’'s SSD Reference Test
Platform

CentO0S 5.5
Calypso RTP Backend V1.5

Intel S5520HC

Single Intel W5580,

3.2GHz, Quad-core CPU Calypso Test Suite (CTS) V6.5

12GB, 1333MHz, ECC




Data Taken on Calypso’s SSD RTP
R/W=65/35, Various Block Sizes
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Purpose

“... This Specification defines a set of
device level tests
and methodologies to enable




Test Contained In Draft V0.9 Spec.

= The V0.9 Specification encompasses:

» A suite of basic SSS performance tests

— IOPS
— Throughput

— Latenc




What Is NOT Covered In the Spec

Application tests

Matching to user workloads

Energy efficiency
Required test platform (HW/OS/Tools)




The SNIA PTS Draft V0.9

Client IOPS | Client TP Client Latency

16K, 8K, 4K, 0.5K

Enterprise IOPS Enterprise TP Enterprise Latency

* Random Access + Sequential Access * Random Access

* R/IW: * R/IW: * R/IW:

+ 100/0, 95/5, 65/35, 50/50, + 100/0, 0/100 + 100/0, 65/35, 0/100
35/65, 5/95, 0/100 . BS: - BS:

* BS: + 1024K, 64K, 8K, 4K, 0.5K - 8K, 4K, 0.5K
- 1024K, 128K, 64K, 32K,
16K, 8K, 4K, 0.5K




Basic Test Flow

1. Purge

2. Set Conditions

» Workload dependent

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

» Collect data from Steady State Measurement
Window

» Use standard report formats and include required
and optional elements



Basic Test Flow




Key Concepts Used in the Spec.

= Purge
= Pre-Condition

« \Workload independent
« Workload dependent

* Active Range




Purge

= As per the PTS V0.9 Specification, purge is
defined as:

“ The process of returning an SSS device to a state in
which subsequent writes execute, as closely as




Pre-Conditioning

* Pre-Conditioning is a key requirement in getting
repeatable, representative results
» Goal is to put drive into “Steady State”, using:

« Workload independent ~ PTS v0.9 Section 2.1.19
— Use a prescribed workload unrelated to the test loop




Active Range

= As per the PTS V0.9 Specification, Active
Range is defined as:

“... ActiveRange is the range of LBA’s that may be
accessed by the preconditioning and/or test code...”




Steady State Definition

* Premise is that reported data should be take
only AFTER the test loop results shows the
drive has reached and maintained “Steady
State”

= The Measurement Window is the interval,




Steady State Definition

= Steady State is reached only if BOTH of the following
conditions are satisfied (assuming “y” is the variable
being tracked):

1. Variation of y within the Measurement Windows is within
20% of the Average

“ Max(y)-Min(y) within the Measurement Window is no more than
20% of the Ave(y) within the Measurement Window; and ”




lllustration:
Steady State Measurement Window




lllustration:
Steady State Measurement Window




Steady State

= Compare
« [Data Excursion] with [20% of Average]
 [Slope Excursion] with [10% of Average]

= Note
e This method is slightly more tolerant than +10%




How “good” is the “Steady State”
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Test Drive: Client/Enterprise IOPS

= DUT:
 100GB-Class Enterprise SLC drive

= Test Parameters:
Acti ~anag 0. 1009




Test Drive: Client/Enterprise IOPS
Block Size Sequence

33



Test Drive: Client/Enterprise IOPS
Block Size Sequence




Test Drive: Client/Enterprise IOPS
Draft Formatted Report,

1/6
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Test Drive: Client/Enterprise IOPS
Draft Formatted Report, 2/6
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SYWS I/ F| sz sas| VO rkload Tester's Cholce Actlve Range
22X SEQ/128 KiB
Test HW Calypzo RTE | O CPonden Q ' OIO/Thread 16 REQ: 100°%
Teast S CTSwS. 5 worklosd Deo. Full IOPS Loop Thread Count = OPTa I Fi
8.1.2 Steady State Measurement Window
| OPS - S CEEe 110%* Averags -0 Ave rags S Sopa
{ ALYPSO
Systems
25,000
20,000
15,000
-
>,
10,000
5,000
0
1 2 3 4 5 & T
Round
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DE/ LSS0 =17 P

Client IO0PS (REQUIRED) - Report Page

R o
HMLA SEE TWE  Soila St Shoarmscsa Fariormesrr e Tas Soariiraticoo CFTE >
P o = mil' &
Davica Undar Tast B_A Clleml TWTE Taxh — i (o Loty 1
“w e —
R PR Swstams
CEMFTY iy
Sdavssdd DUT Preaoaration Tast Loor Paramatars Staady Stata
SN sdevssdd Puross | Securlty Eresa REOUIRED: Coomw o WES
ouT I/ F| SATA SGh/s Pra-Conditioning Data Pattarn RMC Rounds 2-6
Z%m I F | e eziz-ces . mom Worklomd Tastar's Cholca: SActiva Ranoa
Indecandan | 2¥ SEQ/ILZE KIB
Temat HW| Calvpso RTR E OI0 /s Thraad 15 REC: 100%8
T mmE =W CTSwa. 5 Worklosd Do Full ISOPS Loop Thraad Cowunt = oOPT: [t -
8.1.2 Steady State Measurement Window — RND/AKIB
[I=1-%3 Somrages 44444 LIO0WMTAversge +ea44d DOMTSversge Slope
{_ ALYPSO
SwSTEms
25,000
22 000
A AR R b d bbb R Rk kB h bbb R
27,000
20, 000
= # _ ==
19, 0D
5, DD
A AR R b d bbb R Rk kB h bbb R
A7, D0
1,000 | L L L L L
hl 2 3 4 S5 5 7
Round
il L= H = L= 1 . ]
o ey TOHPES - EE- L. N
o Bour sl Mo crmaTy sl B oo sraiicas ShEA S i el [=1 " 1 r S 5
o [ o B e =] ER-L N § il I = AT
L = - L i o ki — A O - A O O

37



Test Rumn Dabe: 07/10/2010 11:35 AM | Report Ran Dabe: 08/15/2010 04:17 PM
Client IOPS (REQUIRED) - Report Page
SHIA 555 TWG: Solid Stalr Storage Performance Test Specification [PTS) Rev. 0.4
Page 4 of 6
Device Under Test 8.1 Chest IOPS Test - Calyp=o CA‘
Vendor Sy=iems —ALYRSOH
[DuUT) REQANMRED — Spaiains
Jfdev/sdd DUT Preparation Test Loop Parameters Steady State
S/N: /dev/sdd Purge | Security Erase |REQUIRED: Convergence | YES
DUT I/F| SATA 6Gb/s Pre-Conditioning Data Pattern| RND Rounds 2-6
SYS I/F|wsisisesm s2s| Workload . | Tester's Choice: Active Range
2X 5EQ/ 128 KIB
Test HW| Calypso RTP I"de"f"de" v ' OI0/Thread| 16 REQ: 100%
Test SW| CTSv5.5 | Workload Dep. | Full IOPS Loop Thread Count 2 OPT: N/A
8.1.4 Client IOPS - ALL RW Mix & BS — Tabular Data
Block Size Read [ Wrile Mix 9%
(Mam ) 0/100 5/95 65/35 50/50 35/65 a5/5 100/0

12,255.7 13,581.2 15,581.3 18,393.7 21,115.5 40,004.8 43,368.3
19,560.6 20,238.4 23,886.3 26,641.2 29,827.0 41,460.1 46,365.3
10,630.3 11,033.1 13,806.4 15,780.9 18,244.6 27,803.9 32,259.3

5,620.5 53,824.9 7,451.9 8,651.6 10,174.7 15,772.3 18,309.1

2,872.2 2,002.7 3,862.5 4,513.2 5,377.6 8,337.0 0,472.32
1,461.8 1,515.4 1,962.1 2,293.9 2,751.4 4,304.9 4,829.3
735.7 7B3.7 o8v7.4 1,148.8 1,389.0 2,187.9 2,439.4

92.5 95.9 124.1 144.6 173.1 277.2 307.6




Test Drive: Client/Enterprise |IOPS
Draft Formatted Report, 5/6

Test Ramn DFaiee:z 071052010 11:35 AM I Regast Baay DFadeec OE/1572010 4: 17 PM
Client IO0PS (REQUIRED) - Report Page
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DUT I/F| SATA 6GE/s Pre-Condiioning Data Pattern RMD Rounds 2-6
SYS I/ F|isisziz-ses i 545 | Workload Tedter's Choice: Active Range
Ind d i
Test HW| Calypso TR | o ePgnden) 2X SEQ/128 KiB 0IO0/Thread| 1s REQ: 100%
Test SW| CT5vE.5 waorkloed Bep- | || IOPS Loop Thread Count 2 OPT: M B
£.1.5 Client IOPS - ALL RW Mix & BS - 2D Plot
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Test Drive: Client/Enterprise IOPS
Draft Formatted Report, 6/6



Test Drive: Enterprise TP

= DUT:
e 100GB-Class SLC drive

= Test Parameters:
Acti »r. [ ] N () Y/




Block Size (KiB)
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1000

800

600

400

200

Enterprise TP Block Size Sequence

R/W=100/0 R/W=95/5 R/W=65/35 R/W=50/50
1024 1024 1024 1024
SEQ/128KiB Pre-Conditioning
128 128 128 128 128 128 128 128 128 128 128
64 64 64
8 4 05 8 4 05 8 4 05 8 4 05
-10 9 8 -7 6 5 4 3 2 -1 0 | 2 3 4 5 6 7 8 9 10 II 12 I3 14 15 16 17 18 19 20

Test Duration (Min)
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Test Drive: Enterprise TP
Draft Formatted Report 1/6

Test Run Dates
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Test Drive: Enterprise TP
Draft Formatted Report 2/6

Tesit Fawn Daltes

O 29/ 2010 0608 PM |

Daalbe= OEF1S5/ 2010 11:=24 PM

Enterprise ThroughPut Test (REQUIRE [l] - Report Page

Hawnr_ L]
" C 2 Pooa 2 of &
Dewice Linder Test Ty o
- Etwrpuise T Test — { 1. S 1]
(LT} e s s =
Key Set Up Data DUT Preparation Test Loop Parameters Steady State
- Purge [ Format Unit REQUIRED Commamanca vES
DUT ISF| SAS 6GhIS’= Pre-Conditloning Data Pattem R Rounds i-5
SYS IFF| =5 rui-ieiclomz Workdond Testers Choloce: Active Range
Tast HW | Calypso RTR | IndaDpandant EEEEAUEE L OI0 /s Thread 15 REC 100%:
Tast SW CTSwS. 5 wiorklosd Dec. | Full Ehterprizs TE Loop Thread Count = OPTa [ =Y
Enterprise TP Test - S5 Convergence - Read TP
T KR l— D3 ST Y ] T T AT ——— Y |
(ALYPSO
SwETRms
300
230 ¥ 5 W 25 x
e —— —————— """ 4
=] L
= [
a— [
& 150
i
[=Ta) i
= [~ - i - =]
E 100
=0
T - ; : -
o .
1 2 3 4 3 B

Round

44



T et Buan Dalbes Da20,2010 O6- 08 PMM I Reygnrl Bus Dates O8f15/2010 11:-24 MM
Enterprise ThroughPut Test ( REQUIRED) - Report Page
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Test un Dat e

047292010 06:08 PM |

Report lun Date:

08/15/2010 11:24 PM

Enterprise ThroughPut Test (REQUIRED) - Report Page

SHNIA S55 TWL: Solid Stalr Storage: Performance Test Spedication [PT5S])

Rev. .3

4of &6

Pane
Dewvice: Hindes Test - Calypso
(DUT) - Esterprice TP Test - REQUARED | Sytems C %
i a s ad b

Key Set Up Data DUT Preparation Test Loop Parameters Steady State
- Purge | Fomat Unit |[REQUIRED: B || e
DUT I/F| SAS 6Ghb/s Pre-Conditioning Data Pattem| RMND Rounds 1-5

SYS I/F| wsmrsssizs | worldoad _ |Tester's Choice: Active Range

Indenondent | 2X SEQ/128 KiB
Test HW| Calypso RTP | Independen 010/ Thread 16 REQ: 100%

Test SW CT5vh.5 Worldoad Dep.| Full Enterpriss TP Loop Thread Count 2 OPT: M/ A

Enterprise ThroughPut - ALL RW Mix & BS — Tabular Data

Biock Size | Read / Wrile Mix %
0/100

100/0

19.1 25.2
92.1 118.0
1328.7 132.0
220.6 203.4
2209.2 245.2
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Test BEun Dabes

04/ 29/2010 06:08 PM |

Report Run Date:

OBf15/2010 11: 24 PM

Enterprise ThroughPut Test (REQUIRED) - Report Page

SNIA 555 TWE: Sobid Sialte Shorage Pesrformascre Test Spedlieation [PT5S)

Rev. X

Page 5 of &
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Data Pattem
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RMD Rounds 1-5
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SEYS I/SF| e emssesme 248 wWorkdoad
2X SEQ/ 128 KiB
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Test Drive: Enterprise TP
Draft Formatted Report 6/6
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Test Drive: Client/Enterprise Latency

= DUT:
« 100GB-Class SLC drive

= Test Parameters:
Acti »r. [ ] N () Y/




Block Size (KiB)

1024
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256
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64

32

16

0.5

0.25

Client Latency Block Size Sequence

SEQ/128KiB Pre-Conditioning

28 R/W=95/5 R/W=50/50 R/W=5/95 R/W=100/0

R/W=100/0 R/W=65/35 R/W=35/65 R/W=0/100

1

109 8-7654-3-2-10123 4546 7 8 91011121314 1516 17 18 19 20 50
Test Duration (Min)



Test Drive: Client/Enterprise Latency
Draft Formatted Report 1/6

Test Fumrs Kank ez | Z/15/2010 | Regwwt Bar Debe: | 8/10/2010
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Test Drive: Client/Enterprise Latency
Draft Formatted Report 2/6

Test Run Dates

FfASSZ2010

8102010

Report Run Date:s

ICll ent Latency [REQUIRED} - Report Page
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T et Bun Dalbes |
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| Reqport Rumn Dates |
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Test Run Dabes

Report Run Dabe: |

8/10/2010

Client Latency (REQUIRED) - Report Page

SHNIA 555 TWE: Solid Siate Storage Periormasare Test Spedliaation [PTS])

Rev.

Fage

4 of &

Key Set Up Data

DUT Preparation

Test Loop Parameters

Gregso

Purge| Security Erase

Steady State

Serial# = Pre-Conditioning REQUIRED: Convergence YES
DUT I/F SATA 6Gb/s Data Pattem| RND Rounds 1-5
== | Werkdoad | ox seqrizeke ' :
SYS IfF| LSI 9212-4=4i int. SAS ndependen Tester's Choice: Active Range
Test HW Calyp=o RTP 010/ Thread 1 REQ: 100%;
Workload Dep. | Full Lat=nzy Lo
Test SW CTSv6.5 Thread Count| 1 OPT: N/A

Average and Maximum Response Time - ALL RW Mix & BS — Tabular Data

Average Response Time (ms)

0/100

100/0

65/35

0.1723 0.1452 0.1252
0.05938 0.1224 0.1337
0.0767 0.1450 0.1619

0/100

65/35

100/0

166.7 155.8 155.9
155.8 155.9 155.8
155.8 155.8 156.5
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SNIA SSSI PTS Follow-On Work

RND/4K Write S
- * Observe IOPS performance evolution in time and total amount of data
Saturation written

IOPS/W

» Measure the power efficiency of the device

~
* To better simulate the environment of client usage

~
* To see how drive handles switching between sustained access patterns

~

 understand the trade-off between achieving maximum IOPS vs
acceptable maximum response time criteria




SNIA SSSI PTS Follow-On Work

Response Time
Histogram

Task-Based Synth.
Workloads

* to provide better insight into a drive's response time performance beyond a
single average response time number

+Build a library of well-studied synthetic stimulus that can be used to form more
complexuser cases

* To allow simply comparison between drives to aid marketing
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SNIA — Organization Chart




Charter & Mission Statements

SNIA — Storage Networking Industry Association

"Lead Industry Standards for information storage management”

SSSI — Solid State Storage Initiative

“Foster the success of Enterprise & Client SSS markets”




SSSI & The TWG




SSS| — 33 Members

(as of 06/21/2010)
1) AmerNet 12) Intel
2)ATTO 13) LSI
3) BITMICRO Networks 14) Marvell
4) Calypso Systems 15) Micron
5) Coughlin Associates 16) Microsoft

6) Dell

17) NetApp

23) SanDisk

24) Seagate

25) Silverton Consulting
26) Smart Modular

27) Sun Microsystems

28) Texas Memory Systems




TWG — 56 Members

(as of 06/21/2010)
1) AmerNet 15) Fusion-io
2)ATTO 16) George Washington Univ.
3) Avere Systems 17) Harvey Mudd College
4) BiTMICRO Networks  18)HCL Technologies
5) Calypso Systems 19)HDS
6) Compellent 20) Hitachi GST
7) Coughlin Associates  21) Hauwei

29) Mtron

30) NetApp

31) Objective-Analysis

32) Olocity

33) Oracle

34) Patni Computer Systems

35) Pillar Data Systems

43) Smart Modular

44) Storspeed

45) Sun Microsystems

46) Tata Consultancy

47) Texas Memory Systems
48) Toshiba (in process)

49) Univ. of Minnesota




Feedback & Involvement

Download The Spec. -+ www.snia.org/publicreview

Upload Feedbacks + www.snia.org/feedback

Updates to The

 WWW.Shia.org/forums/sssi
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