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PCle SSDs Require New Testing Methodologies

= PCle SSDs combine various
storage protocol layers on top of the
PCI Express electrical, link and
transaction layers.

ethorolaos mro e | somge |

methodologies are required to meet

the challenges of high performance Transaction |
SSDs. Link I
Physical
Logical
Electrical
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Protocol Analysis with the SFF-8639 Interposer

.............

SFF-8639
PCle Protocol Analyzer

Protocol Analyzer
cable

SFF-8639 ‘
SFF-8639 ’

SFF-8639 ‘

SFF-8639 Interposer
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Testing PCle SSD and Systems

= Supports the Windows 7 NVMe
Driver

= Emulates all NVMe Registers
=  Admin Commands
= NVM Commands

= Write : |
" Read &= LeCroy
- CO m pare P 4 gummit Z3-16 Exerciser
= Extensible for Vendor Specific

Commands

= Queue Management
= Come up in Device Manager

= Extensible Vendor Specific
Features (for Get/Set Features)

= Complete commands via fused

\C/IV?{per)nands (.e. Compare & Summit Z3-16 Protocol Exerciser
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SSD Test Setup

SSD Device Controller Test

[ry—

SSD Controller(DUT)

Exercisnr
a Host
i Emulator

Protocol
Analyzer
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PCI Express Performance Tools

= Measure and monitor PCle SSD performance detalls
= PCle Packet Metrics '
= Timing Calculator- Bandwidth, Link Utilization

= Post Capture Bus Utilization Graph Tool
= Latency, Throughput Views

= Real Time Statistics Graph Tool

Understand link behaviors and improve SSD performance
= Flow Control View

Bus Utilization

. . Upstream Downstream
LI n k TraCker Link Utilization 45.127 % 44,546 %
" LTSSM State VIEW Time Coverage 45.072 % 44.493 %
Bandwidth 9025.43 Mb/s 8009.10 Mb/s
Data Throughput 592.29 MB/s 598.72 MB/s
Packets/second 19696168.45
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Tools for PCle SSD Technologies

Summit T3-16
PCIl Express Summit T3-8
Summit T28

Summit T3-16/ T3-8/ T28
SSD Decoding

Summit T3-16/ T3-8/ T28
SSD Decoding

Summit T3-16/ T3-8/ T28
SSD Decoding

NVM Express

SCSI Express(SOP/PQI)

SATA Express (AHCI/PCle)

nvm._, %
EAEIEDS, SCSI Express
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Summit Z3-16
Host/Device Emulation

Summit Z3-16
NVMe Host/Device Emulation

Summit Z3-16
SCSI Express Host Emulation

Summit Z3-16
SATA Express Host Emulation
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NVM Express 1.0c Analysis Decode

O Transfer Completion

Pkt | Link '&Llit Ny FOI RHI

¥

T NVM T 2.5|| RequesterlD | CMD PRP Addr Hi Addr Lo Data Len Data | Time Delta Time Stamp
196 0x00000001 | OXxEED31000 | 0x00000200§ 127 guadlets §| 313.872 s |0079.553 3928396 s

NLB Incompressible SR AL  AF EILBRT ELBAT ELBATM | Time Delta Time Stamp
0x0000 0 |Nong | Nene | 0x00000000 | 0x0000 | 0x0000 163.968 us | 0079 .553 228 928 s

File Setup Record Generate Report Search View Tools dow Help ;J

FH P BEE e m LI RQPE K-SR R DLeuh B0 ED O WL‘_""?PE‘

T [25][ Requesterid T Completer OPC FUSE CID NSID MPTRHI MPTRLow PRP1HI PRP1Low PRP2HI PRP2Low LR FUA PRINFO
195 x4 008:00:0 000:00:0' Read | b00 |0x0000 |0x00000001 | 000000000 | 0x0000000CK 0x00000001 | OXEED31000 | 0x00000000 | 0x000000008 0x00000000:00000000 | 0

[4,]

T NVM R |25]] D SC SCT M v R
197 x4 :00: 0x0000 | 0x00 | 0

Courtesy SanDIsk 2012

= NVMe is a standardized high
performance queuing interface and
command set optimized for PCle SSDs

= NVMe is scalable from client to
enterprise applications
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TimeDeltall  Time Stamp

Physical Region Page

MNQ5.720 ps | 0079 . 553 706 768 s

Commands or Data

Transaction
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NVMe Compliance and Interoperability Testing

[ UNH_|OL(UniVerSity Of New 1y University of New Hampshire a.
Hampshire IOL) and the NVM l InterOperab1hty
O Laboratory

Express Promoters Group are
collaborating to create an
interop and conformance test
program centered at UNH-IOL.

= They will be creating a multi-
vendor test bed to help
products prove interoperability,
and conformance test services
to prove that products follow
the NVMe specification

correctly.
= Targeting Fall 2012. Teledyne LeCroy Summit Z3-16 NVMe Emulator
Demo in Booth #706
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SCSI Express SOP Analysis Decode

PKt | Link | Spit| iyt POI AL

Advancing Producer in Inbound Queue

File Setup Record Generate Report Search View Tools Window Help
=

B % BHEe Ll QT A F-%EX 2 kDl D]EE O R0 0w

. 25 equesterlD QP Index Time Stamp
; x1 000:00:0 | 0x0001 I 21304 us | 0140.113 039492 s

LBA CDB Info LEN
000000000 | 000001000 | 000000000

CDB Info CONTROI
0x0000000

IT CF IULEN ROQID WA

Re [25 __RequesterlD | CompleterlD
x1 010:00:0 000:00:0

DBDWs DBDWs DBDWs

DB DWs

DB DWs

DB DWs DB DWs
.QC. ingsiy| TmeDetan _Tm Siamp Advancing Consumer in Inbound Queue
[ 0x0001 || 1190 873 ms | 0140 113 162 956 5

Tk Tra o EEIAG I v T

9610 i 851 = a Vendor Defined Tvped 10x8086111 dword

L kT 325 MWr(32)
2 e Advancmg Producer in Outbound Queue

PaQl 25| RequesterlD B IT CF IULEN ROQID WA ReqID NEXUSID| Time Deita Time Stamp

58 | : OxOO 0x000C | 0x0003 | 0x0000 | 0x0007 |  0x0007 23.096 ys | 0140 . 919 210 444 5

Pal 25(| 8 ) [
R&v
" Link Tra 215
Bl

PQl
60

PQI 25| [ Rec
57 x1

# Packets

Time Delta Time Stamp
135.073 ms | 0140 . 604 041 748 s

Time Delta Time Stamp
180.095 ms | 0140 . 739 115076 s

Metrics

Explltll ACK

‘ackets

\
Advancing Consumer in Outbound Queue |FEETEESEEED

5640 ps | 0140 919244 204 s

Index A Time Delta Time Stamp

0702 ms | 0140 9102498445
Courtesy SanDlsk 2012

000:00:0_ e 000000001 o

= SCSI Express is based on the SCSI
over PCle (SOP) host interface
specification which enables SCSI
Initiators communicating to SCSI targets
over PCle through the PQI transfer layer | Logical
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SATA Express Analysis Decode

File Setup Record Generate Report Search View Tools Window Help

= &

bW e LM T w2 R ea D

PKt | Link | Spit| Nyt FAL AL |

= @ ﬁ Pkt |Link SEII N_U_M '2_1 AHLI I

" AHCI

" AHCI
207

" AHCI
208

T AHCI

ICC /3P ALPE DLAE ATAPI APSTE FBSCP ESP CPD MPSP HPCP PMA CPS CR FR MPSS CCS FRE CLO POD SUD ST | Time Delta Time Stamp
1.520 ps | 0010 . 002 648 088 s

203 e No-Op /Idie | 0
T AHCI ! " Time Delta Time Stamp
204 -00: No-Op/idle| 0 0 0 0 0 0 0 0 0 0 0 0 111 0 0 1 0 0 812.776 ps | 0010.002649608s
T AHCI 1’! PXCMD |EE ASP ALPE DLAE ATAPI APSTE FBSCP ESP CPD MPSP HPCP PMA CPS CR FR MPSS CCS FRE CLO POD SUD ST | Time Delta Time Stamp
205 No-Op/Ide| 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 1 1.688 ys [0010.003 462 384 s
A € i PXCMD ICC ASP ALPE DLAE ATAPI APSTE FBSCP ESP CPD MPSP HPCP PMA CPS CR FR MPSS CCS FRE CLO POD SUD ST | Time Delta Time Stamp
206 No-Op / Idle 8.113ms |0010.003464072s

R 50 Time Delta Time Stamp
0010.011 577 4565

50 | Time Delta Time Stamp

Port control setup address of Command list |

R* 004 0010.011579224 s

Time Delta Time Stamp
0x0009D100 2.328ps |0010.011580720s

Time Defta Time Stamp
1648 ps [0010.011583048s

S T o ‘ Port control setup address of FIS |

Time Delta
2.304 ps

Time Stamp
0010 .011586 408 s

= SATA Express enables new devices to
be developed that utilize the faster PCle
interface and maintain compatibility with
a broad base of existing SATA
applications.
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Conclusion

= New testing methodologies are needed for NVM EXxpress,
SCSI Express and SATA

= Protocol analysis tools can show developers useful details
about PCle SSD transactions between the storage host
and controller.

= Host and device emulation can discover performance,
error handling and protocol Issues that affect the quality of
products. Trerri o ST

Sata
Expres®
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Contact LeCroy PSG

' EX PRESS)

= Summit T3-16
= Analyzer

EE e Summit T3-8
Analyzer

Summit T28
Analyzer

Jmmit Z3-16
~ Exerciser with
Test Platform
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Fax(Sales&Service): 845-578-5985

Email Sales: sales@lecroy.com

Phone Support: 1-800-553-2769

Find us an
Facebook

www.LeCroy.com
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