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1. Administrative Roll Call; Minutes; Announcements 4:00 — 4:10
2. NVMe PCle Protocol & Analysis tools 4:10 — 5:00
3. Q&A Open 5:00 - 5:15
4. Close Opens / Al 5:15 - 5:30

Time: 4:00 - 4:10
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Roll Call: Eden Kim, Chair (Calypso)

John Wiedemeier (Teledynelecroy), Purush Gupta (Nutanix), Paul
Wassenberg (Marvell), Don Deel (EMC), Dave Hiatt (SSSI), Mike Fitzpatrick

(TAIS), Tom West (HyperlO),

Time: 4:00 - 4:10
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A. Meeting Schedule:
Once per month through 2013
Next Mtg: Feb 10, 2014 - TBD

B. SSSI Work Items — Update from Paul Wassenberg

C. Upcoming Events / Activities
1. Storage Visions - Las Vegas, Jan. 5-6, 2013 www.storagevisions.com
2. SNIA SNW Winter Symposium — San Jose, CA Jan. 28-31

Time: 4:10 — 4:15
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PCle Protocol and Analysis Tools

John Wiedemier
Teledynelecroy



PCle Storage Protocol Analysis Test Y
and Connectivity tools B

December 9, 2013
John Wiedemeier
Product Marketing Manager
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Teledyne LeCroy

= Teledyne LeCroy Corporation is the leader In

Serial Data Test solutions PCIZ>
= Founded in 1964 EXPRESS
= Headquarters in Chestnut Ridge, NY vm., A-I-
= Teledyne LeCroy’s Protocol Solutions Group e
(PSG_) was formed in October_ 2004 with the ] Soriall
acquisition of CATC Corporation SCS|

= PSG Headquarters in Santa Clara, CA
= Part of the Serial Data Division of LeCroy
= Catalyst was acquired & added to PSG in 2006
= PSG specializes in providing complete protocol
solutions for a wide range of serial data standards

= Products range from production tools to full
protocol analysis systems with intuitive user
interfaces and complete traffic generation

SUPERSPEED .
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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.

= The PCle protocol is very different

than previous storage protocols. _

= New tools and testing methodologies

are required to meet the challenges Transaction
of high performance SSDs. Link
Physical
Logical
Electrical |
|
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Testing Storage Interfaces

Test Points of Interest

1. System board and 8 -
HBA =
7 "Storage
2. HBAand Storage 2 Media
Media

3. System board and
PCle Storage Media

=
< "PCle CTRL

“Storage
Media
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PCI Express Performance Tools

= Measure and monitor PCle SSD performance detalls
= PCle Packet Metrics =
= Timing Calculator- Bandwidth, Link Utilization | =T
= Post Capture Bus Utilization Graph Tool r

= Latency, Throughput Views
= Real Time Statistics Graph Tool

= Understand link behaviors and improve SSD performance

= Flow Control View Bus Utilization
u Llnk Tracker Upstream Downstream
Link Utilization 45.127 % 44,546 %
= LTSSM State View T 45.072% 44.493 %
' Bandwidth 9025.43 Mb/s 8909.10 Mb/s
Data Throughput 592.29 MB/s 598.72 MB/s
Packets/second 19696168.45 24833612.81

Bog Bh QARRE HAY
SPLIT: Latency Time ) 08

600 602 604 605 608 610 612 614 56 618 620 622 64 6 6B 61 612 634 63 63 64) 642 644 646 648 630 Tme(s) |

=

Transaction Time (jus)
o o o
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PCI Express Protocol Analyzers

= Summit T3-8
= PCle 3.0
= Speed: 8GT/s,
= Lane width x1, x2, x4, x8

= Summit T28
= PCle 2.0
= Speed: 5GT/s,
= Lane width x1, x2, x4, x8

= Summit T24
= PCle 2.0
= Speed: 5GT/s,
= Lane width x1, x2, x4
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SATA Express Decoded Trace

[Port[Siot] Command gt SecorCount . TPRIO[NCQTag[RARC] LBA T LBAEX | ICC_[Hybrid Information DM“F‘UA(I) 6141 put |ESY[ORDY[DF[DSCTDRA[CORR[IDC [ERR
13290 | DMQ | READ FPDMAQUEUED 0x0008 | 00 [ 31 | 0 [0x644E50]0x000000 [00000000 | 0x00 | o [1]o Jo] 1 JoJ ol o] o [o] o ][1024 dwords|[0006.306744926s
— = ceStatus m
(1 The ——=aaq( 0000 0000 D000 0000 000D DOOD || 0006 . 306 744 926 5
* LinkTr: "eevT [(RequestenD [Tag | [T Address ] [1stBE [Last BE " retrice T PACKELS
Mem Metrics
318003 1676 010:000w —=aa__ | 0 || F7E101B4_ |[ 1711 | 0000 |[1 dword|| 0 ||Packet#4725869 2 0006. 3067449265

50
4725868 | x1 || 1676 010:00000 | 1 5
Packet AckNak_Seq_Num
4725869 | x1 | e H ek 1676
[Port] Issi
0006 . 306 745 356 5

| Command Issue

1000 0000 0000 D000 0000 00DO 000 0000

'Mm MWr(32)  Length [ Addiess | [1stBE[LastBE Explicit ACK
1677 | I 010:00000 1 F7E10188 || 1111 | 0000 |[1 dword|[ 0 |[Packet#4725871

[ Packet [E|[ TLP | RequestenD [Tag| [ Address | [1stBE [LastBE cre |
4725870 | x1 || 1677 010:00000 1 000:00:0 | 0 |[ F7E101B8 || 1111 | 0000 ||1 dword|| 0x3C582EEB
Packet AckNak_Seq_Num |[CRC 16 | [ D
4725871 | x1 [D""P H N 1677 0:05FB

AHCI Port | Slot

B2 0 | 1 | 31 || 00000002 | 1F0083E0 0 ‘ [ 0x00000002 [ 0006 - 306 7|

spitTra |50l | MRd(64) CompleterlD [Tag] i Address Stalus ’Melm # LinkTras
53865  |EE| 001:00000 001:00:0 000000 | 1 0__|[00000002:1F0083ED SC__|[4 dwords 2 0006.306 7457105
* Link Tra 'Mem MRd(64)  Length Address 1st BE [ Last BE | [[&I) 'Memcs # Packets
318005 935 001:00000 4 001:00:0 | 1 |{00000002:1F0083E0|[ 1111 | 1111 || 0 |[Packel#4725873 2
[ Packet 510 [ - MRd(64)  Length 1st BE [Last BE LCRC | Time Delta Time Stamp
4725672 | x1|[ 035 | [aMlll 001:00000 4 001:00:0 00000002:1F0083E0 || 1111 [ 1111_|[ 0xDE209011 || 108.000ns [0006.306745710s
Packet oue || ack [AcKNak_Sea Num|[CRC 16 INmeDeNEN  Time Stamp
4725873 | x1 935 0x1F64 || 94.000ns [0006.306 745818 5

* LinkTra  [S0/|IRTE o CplD. Length | [ RequesterlD [Tag|[ C: D |[ Status |[BCM[Byte Cnt]LwrAddr| ) 'M tics F Packets
318006 1678 P 010:01010 4 001:000 | 1 || 000000 || SC || O | 16 | Oxb0 ||4 dwords|| 0 | Packet#4725875 i 2 0006.306 745912 s

= AHCI
77153

g

Hierarchical break down
from ATA command down
to low level packet

Della_

Time Stany

Ti elta Time Stamp
112.000ns [0006.306745598 s

Packet [ TP ] ol [ CplD. [Length | [RequestenD [Tag|[ CompleterlD |[ Status | [BCM[Byte Cnt[LwrAddr ] LCRC Time Delta Time Stamp
4725874 | x1 || 1678 | | 01001010 [ 4 |[ 001:00:0 1 [ 000000 || sCc J[ o | 16 [ ox60 |[4 dwords]|[ 0xCC232CF6 || 310.000ns [0006.306745912s

Packet AckNak_Seq_Num |[CRC 16 [T
4725875 | 11 |':""'P ” AcK 1678 D:E6D7

S = [PortSlot] [ AdarHi | AddrLo [Data FISType _ PMP C Command Features [LBA(7.0) LE B JA(39:32) LBA(47:40) Features(exp) |Count(7:0) Count(
pgaEER | 1 [ 31 ][ ooooooo2 | 1Fo09C00 [ 5
T AHCI

|Register FIS —H2D | 0x0 |1

| Time Detta | Time Stamp
90.392us | 0006.306748 110

AVZ . TELEDYNE LECROY
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NVMe Decoded Trace

0x0

r
Teledyne LeCroy PETracer(TM) - PCI Express PmWr- BETA - [C:\Users\Public\Documents\06 - Settings and Trace files\Z3_drive_emulation_boot_and_pla]
File Setup Record Generate Report Search View Tools Window Help _IElx
= HE| o m AT QQB|%- - xFEx|[E2 8 & el B S 0| 8 ok (T0D])w aw e
[lo.caH QID = 4 | [TuluCle Time Stamp d
1100 DBL 0x0027 621.892us | 0056 . 890 896 060 s
O SQT QID = 4 | Rl Time Stamp
OXOOZB 150.000 us |0056.891517952s
NSID MPTRHi MPTRLow PRP1Hi PRP1Low PRP2Hi PRP2Low LR FUA PRINFO | NLB Incompressible SR AL | AF EILBR

0 |None |None [0x000000|

“ SplitTra - | Address |[ status M e #Lkaras

| 001:00000 001:00:0 |00000002:1CB119C0|[  SC | 16 dwords || 0056. 891667 952 s
l " Link Tra Re |25 | T~ MRd(64)  Length Address 1stBE astBE Metr: #Packels TimeDeiall  Time Stamp
I 12926 x8 Q000 16 159 |[00000002:1CB119C0 || 1111 [ 1111 Packet #31923

240.000 ns |0056.891667 952 s
" Link Tra = [25][ TP ]

12927 |~ EIIEEE

[on o s )
[ 010:010~ Q0 |

[ CompleteriD |[ Status ||BCM|B}‘|eCnl|LWTAddI’| M i #Packels Time Delta | Time Stamp
[159]| o00:00.0 || sCc | o | 64 0x40 |[16 dwords Packet #31925 | [Iiiag 266.032us [0056. 891668 1

T NVM Addr Hi AddrLo Datalen ita Time Stamp
I e | B 000000002 | 0x1CE37700 | 0x00000080 | 32 quan

E EEET Addr Hi Addr Lo Datalen ' Data
1104 0x00000001 | 0xAEF5B4F8 | 0x00000B08 | 706 quadlets 37.888 us

E CMD PRP Addr Hi Addr Lo DataLen ' Data Time Del Time™S
1105 0x00000001 | 0xAA174000 | 0x00001000 | 1024 quadlets 1.451 ms |0056.893 556D

oup pRp AdTHi _ AddrLo  Datalen Data TimeDelal  Time Stamp H IerarCh ICaI break down

0x00000001 | 0xAF4F5000 | 0x00001000 1024 quadlets|| 1.119ms |0056.895007 7125
| cuppRp  AddrHi_ AddrLo  Dalalen ' Dats TimeDeial Time Stamp frOI N NVMe comn |and
1107 0x00000001 | 0xAFOF6000 | 0x00001000 | 1024 quadlets|| 1.145ms |0056.895 1268245
T NVM Addr Hi AddrLo || Datalen ' Data MimeDela)  Time Stamp d t I I I k t
Il 1108 C"D 0 000000001 | 0349477000 | 0x00001000 | 1024 quadlets || 1.103ms |0056.897 2713765 own 10 Iow leve paC e

I CMD PRP Addr Hi Addr Lo Datalen ' Data Time Delta Time Stamp
1109 0x00000001 | 0XAE7F8000 | 0x00001000| 1024 guadlets 1.122ms | 0056.898 374 1125

i oD PR AddrHi AddrLo | Datalen ' Data Time Delta Time Stamp
1110 0x00000001 [ 0xAGCFO000 [0x00001000 [1024 guadlets|| 1.135ms |0056.809 405004

K I I
Ready

Errors detected!

»

Search: Fwd
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SCSI Express Decoded Trace

Time Delta Time Stamp
9.352us [0140.033798 556 s

T Pa o | capraiLmy MAXADMIN IQ MAXADMIN OQ AIQE LEN AOQELEN MAXTO | Time Delta Time Stamp
< 0x40 0x40 0x40 0x40 0x0000 9.368 us [0140.033 807908 s

‘ PaQl o0 | ADMIN Queue Parameter ADMIN IQ ELEMENTS ADMIN OQ ELEMENTS INTERRUPT MESSAGE RsvdZ
3 0x40 0x00 0x0000 0x00

CAPABILITY MAXADMIN IQ MAXADMIN OQ AIQELEN AOQELEN MAXTO | Time Delta Time Stamp
0x40 0x40 0x40 0x40 0x0000 9.464us |0140.033817276s

ADMIN IQ ELEMENTS | ADMIN OQ ELEMENTS INTERRUPT MESSAGE RsvdZ | Time Delta Time Stamp
0x40 0x40 0x0000 0x00 || 176.000ns |0140.033826740s

ADMIN Queue Parameter

RsvdZ OffsetHi OffsetLo Time Delta Time Stamp

SSisiial 0x00 | 0x00000000 | 0xBF709000 || 352.000ns | 0140 . 033826 916 5

RsvdZ OffsetHi Offset Lo Time Deilta Time Stamp

kot LSS 0x10 |0x00000000 |0xBF708190 || 304.000 ns [0140.033 827 268 s

RsvdZ  OffsetHi OffsetLo Time Delta Time Stamp

o S 0x00 |0x00000000 [ 0xBF70A000 || 328.000ns |0140.033 827 572 s

RsvdZ OffsetHi OffsetLo Time Delta Time Stamp

BSaal 0x30 |0+00000000 | 0xBF708180 || 256.000 ns | 0140 . 033 827 9005

Time Delta Time Stamp
65.752us |0140.033828156s

D

Time Deita Time Stamp
1.001ms (0140.033893908s

Time Delta Time Stamp
11.048 us |0140.034 894652 s

T Pal Offset Hi OffsetLo

Time Delta Time Stamp
18.856 us |0140.034905700s

Time Delta Time Stamp
42200us |0140.034924 556 s

Offset Hi OffsetLo

Ao ocd 0x00000000 [ 0x00001008

' Index | Time Delta Time Stamp

0x0001

. QP

18.104 us [0140.034 966 756 s
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Form Factor/Connectivity and Probing

Interposer for CEM
add-in card

= CEM add-in card
= NVMe/SATA/SCSI
= PCle 2.0/3.0
= X1, x4, x8
= M.2 storage card (i.e.,
NGFF)
= NVMe/SATA
= PCle 2.0/3.0
= X2, x4
= SFF-8639 based drive
= NVMe/SATA/SCSI
= PCle 2.0/3.0
= X2, x4

Interposer for M.2
storage card

Interposer for
SFF-8639
based drive

"“ TELEDYNE LECROY
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PCle Single Port Usage Model

PCle Host

Root Complex

PCle Switch PCle Switch

1ulodpu3

PCle Switch

(G

julodpu3
wlodpu3g
julodpu3
wlodpu3
wlodpu3g

—

PCle PCle
SSD SSD

julodpu3
lodpu3
lodpu3

PCle
SSD

PCle

SSD

N TELEDYNE LECROY
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Protocol Analysis with the Single Port
SFF-8639 Interposer

-
e1dx3 10g

aacaral

H
g
3
F
3
H

SFF-8639
Connector

Supports
= NVM Express G3x4

= SATA Express G3x2
= SCSI Express G3x4

PCle Protocol Analyzer

Protocol Analyzer
cable

SFF-8639

"“ TELEDYNE LECROY

Everywhereyoulook™



SFF-8639 to PCle Connector Adaptor

Supports Single Port Drives

= PCle 1/2/3 "~‘TELEDYNE =
= x1, x2, x4 LECROY

= 2% inch drives 7_ Single Port 8639 to PCle Adapter

4x2.5GT/s [ 4x5.0GT/s | 4x8.0GT/s

The answer to companies looking
for 8639 backplanes for test

"‘ TELEDYNE LECROY
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Dual Port PCle Usage Model

| Interconnect
PCle Host PCle Host
Root Complex Root Complex
PCle PCle

PCle Switch PCle Switch

m T T
S S S g' g' I'3I'I g' g'
o o o o o o o a
e © © e o © o o
o S. =3 o o o o o
= =) S 5 = 5 =3 =
=) =) 3 =) = 3 ] =
PCle PCle
LSSD SSD

N TELEDYNE LECROY
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Dual Port SFF-8639 Interposer

aidxg | 5 d
AQHITN
ANAGINAL &"

Jesodielu) gLeg se

Supports
= Gen3 Supported
= Host Interface Support

= NVM Express Dual x2

= SCSI Express Dual x2
= 2 PCle link A/B port support
= 2¥ and 3inch drive support

SFF-8639
Connector

"“ TELEDYNE LECROY
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SFF-8639 to PCle Connector Adaptor

Supports Port B "FEEII:}EE\\({NE
- PCIe 1/2/3 Dual Port SFF-8639 to PCle Adapter

u Xl, X2’ x4 . 2x2.5GT/552:5l:)%';’sB!ZXB,OGTIS
= 2 Yinch drives ine M

The answer to companies looking
for 8639 backplanes for test

"“ TELEDYNE LECROY
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SFF-8639 to PCle Connector Adaptor Usage

= System Prototyping
= SSD Testing

A TELEDYNE -
ﬂ LECROY "
Single Port

"“ TELEDYNE LECROY
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M.2 Interposer for PCle 3.0

= Speeds: PCle 1/2/3
= Lane width: x2/x4
= Socket types: 2/3

= M.2 module lengths:
42mm X 22mm, 60mm X
22mm, 80mm X 22mm,
and 110mm x 22mm

= SRIS supported

= Dimensions
= Connector cable 18
inches

= Carrier Board 5.13 x 9.05
. M.2
inches

= Interposer Board .824 x
1.65 inches

Protocol
Analyzer

Interposer

"“ TELEDYNE LECROY
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M.2 to PCle Connector Adaptors

Two types of Interposer

= Socket 2 devices
= B-type
= PCle 1/2/3
= X1, x2

= Socket 3 devices
= M-type
= PCle 1/2/3
= X1, x2, x4

"“ T[lEDYNE

PCle M2MK
dapte

"‘ TELEDYNE LECROY
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Testing PCle SSD and Systems

Exercisers are the best way to
test error handling between
systems and storage devices
in PCI Express.

Emulation Scripts are run on
exercisers and create low level
bus traffic that can be
accurately, repeatedly, and
precisely created to assess
performance in real-world
conditions for a drive or host.
No software driver required.

"“ TELEDYNE LECROY
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Summit Z3-16 Protocol Exerciser



SSD Test Setup

SSD Device Controller Test SSD Driver Host Test

Exerciser

SSD
Controller
(DUT)

Exerciser
. e
Device
Emulator

Test
Platform

AR

Protocol
Analyzer

Protocol
Analyzer

System Board(DUT)

Everywhereyoulook™
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NVMe Conformance Testing

= Tests defined in NVMe Interop
Test Suite document
(publically available at ———
www.iol.unh.edu) NVMe Test Consortium

Test Plan for NVMe Conformance

Version 1.0

= Test tools used to check
proper construction and
response to different NVMe 3.

Stimull 1
=  Admin Commands, NVM O

Commands, Controller
Registers

UNH-IOL NVMe Comyertam Ir" I 4344 -«”0
n !:\'Aw!rp Dr Saww 2 <1 643842 ul
Duriewm NH 93234 Em nrmelsd oo kud ady

"“ TELEDYNE LECROY
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NVMe Integrators List

= Hosted by UNH-IOL at ww.iol.unh.edu
= Opt-in list of qualifying NVMe products 1B intcrOperability Laboratory

Services

Iimproving seticorkyTNEDRS
Location: Home » Senvices » Testing » NVMe

= No PCle component to qualification

NVMe Integrators List Curren
Feedb:

today

Education For Members Press Room

ns information about NVMe Products that UNH-IOL has performed interoperability and
when combined with satisfactory operation in NVMe C4
h

essful completion of such confon ce tes

= UNH-IOL does offer PCle testing to e S e
complement NVMe testing, but itis nota =~ Crmmm——
component of the NVMe IL qualification m

= NVMe Host Qualification e e IR

= Perform Interop Test against 4 different . : F
SS DS NVMe Integrators List as of August 7, 2013

= Pass with 3 SSDs
= Pass = data transfers without errors

= NVMe Device Qualification

= Perform Interop Test against 4 different
hosts, pass with 3 Hosts

= One of the hosts must be either the
Windows or Linux Reference Driver

= Pass all conformance tests

"“ TELEDYNE LECROY
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= UNH-IOL(University Of New
Hampshire IOL) and the NVM
Express Promoters Group are
collaborating to create an
interop and conformance test

program centered at UNH-IOL.

= They have created a multi-
vendor test bed to help
products prove interoperability,
and conformance test services
to prove that products follow
the NVMe specification
correctly.

= Feb 24, 2014.

Everywhereyoulook™
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University of New Hampshire

l InterOperability
Laboratory

NVMe SSD Compliance Tester

Exerciser
Running Compliance Tests
SSD
Controller
(DUT)

Test
Platform

NAas

Protocol
Analyzer




Conformance Testing

= 2 types of test stations

used
= |OL Interact
= Teledyne LeCroy / \
Summit iol
|IOL INTERACT
Testing Station Teledyne LeCroy Summit

acting as NVMe Host acting as NVMe Host

=+

NVMe SSD

< 3
NVMe SSD

"“ TELEDYNE LECROY
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Conclusion

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

= Protocol analysis and test 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 p e quality of
products. T e
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Contact Teledyne LeCroy PSG

Fax(Sales&Service): 845-578-5985

Email
Sales: psgsales@teledynelecroy.com

Summit T3-16

Analyzer Phone Support: 1-800-553-2769

Find us on

& . Summit T3-8
o Facebook

Analyzer

Summit T28
Analyzer

www.teledynelecroy.com

‘Exerciser with
Test Platform
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