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= Agenda

A High speed protocol convergence

V PHY convergence
V Layered Protocol Stack convergence

A Storage over PCI Express® architectural
description

A Command gqueue generation example
A Emulating an SSD controller
A Emulating an SSD host
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=y _ High Speed Serial Protocol gz
“ Convergence

APHY commonalities
V Encoding challenges
V Link training
V Dynamic equalization

AProtocol layered stack
hierarchical architecture
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=, Encoding Challenges oo
PCIl Express 3.0

PCle® 1.x/2.x PCle 3.0

2.5GT/s & 5.0 GT/s 8.0 GT/s
(challenging electricals)
8b/10b encoding 128/130 bit encoding
(less error protection)
Guaranteed transition density Possible fAakiller packet
(no transitions for a period of time, causes
recovery)
Special symbols for packet framing No unique packet identifiers

(bit errors will cause recovery)
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e PCI Express 3.0 Link Training Status ==es

State Machine (LTSSM

T55M Flow Graph ==
~Direction ———————— [ show Mumber Of Transitions Upstream Downstream
" Upstream (R<-) -
I * Downstream (R-> )i ( - — Poling oling |
I o
| Both v Cfa.LW.Start Cfa.LW.5tart
—States Status /
Evzoriss — Cfg.LW. Accept Cfg.LW. Accept
Current: Polling / Cfg.LN.Wait/Accept
Mext:  Configuration { Cfg.LN.Wait/Accept
[ Cfg.Complete
[
Cfg.Complete Cfg.Idle
|
. Cfg.Idle Lo
LO
L2 2.5
~L a
L1 3.
Click on enabled state repeatedly to jump to nextinstance(s) of the same
Click on enabled states to establish link with associated packets in Close I =

ul'"|ir|r mn anzhlad ctata ranaztadh: tndnirmn o navt inetancalel nf tha cama
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ISIG

PCle 3.0 Dynamic Equalization

Equalizer | DFE Setup

| DFE | EyeDrOut

Tain
FFE & DFE

Disabled

Serial Data
signal input ‘ CTLE |

Data Path to DFE In
Nominal Bit Rate e . S T—————
'5.00000 Gbit's | Disabled Disabled From CTLE

File Verical Timebase Trigger Display Cursors Measure Mamh Anahsis Ubies  Help 2 e Verscal Timebase Trgger Display Cursors Measure Mam Anaysie Utities  Help

EyeDrClk

Before After CTLE and
Equalization DFE
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T Ysie

PCle Layered Protocol Stack

>Stack

Physical layer Physical layer

1 Y
| RewDataSweam |
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SAS Layered Protocol Stack

PCI =

EXPRESS

SCSI application layer

ATA application layer

Management
application layer

!

!

!

SSP transport layer

STP transport layer

SMP transport layer

:

!

!

SAS port layer

!

:

!

SSP link layer

STP link layer

SMP link layer

SAS link layer

!

SAS phy layer

:

SAS physical layer
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reig  Layered Protocols OIS

EXPRESS
ISIG

Support in Analysis Tools

A Hierarchical view display capability with multi
layer expansion into sub-layers

A Multi-view capabilities

A Processing capability of upper layer through
scripting to adopt to specification changes

A Tooltip feature to highlight specification details

A Performance and statistical analysis per
Instruction, by segment and overall trace

A Compacting of repetitive traffic

A Compacting of multiple 32 bit transactions into
64 bit upper layer commands
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PCle Hierarchical View POI>
Split Transaction

“ Split Tra R 25 Requesterlly CompleterlDy Tag Devicel» Register Status
0000100 000:02:0 00Z2:00:0 0 0 0 002:00:0 0x000 SC

Device I VWendor 1D

vice 1D s ) .. #LinkTras Resp. time Latency Thrpt MBYs Pld. Bytes
OxFO15 0x100F 556 000 ns | 208.000 ns . 0014 335 122 612 5

“ Link Tra R 25 TLFP Requesterily | Tag Devicelr Register || 1st BE
16 114 0000100 0000320 0 0032000 D000 1111 0
M trics #F’acketa
Packet #43665 stnes 0014 . 335 122 612

Requesterily | Tag DevicelD» Register | | 15t BE
‘1‘14 0000100 1 000020 0 002:00:0 0x000 1111
LCRC Time Delta Time Stamp
OxAZT5BALIB 208.000 ns o014 335 122 612 s
AckMak_Seq_Mum CRC 16 Time Delta Time Stamp
DLLP ATk 114 OxFGE13 12.000 ns o014 325 122 820 s
= Link Tra R 25 TLF * ol CplDr Length Requesterily |Tag CompleteriD Status BICM | Byte Cnt
17 w8 4044 L3 10:01010 000:032:0 0 0032:00:0 SC o} 4

Lwwr Addr Device Iy Vendor IT “M trics # Packets Resp.time Pld Bytes Thrpt MB/s
0x00 0xF015 Ox10DF Packet #48670 sines 236.000 ns )

TLF - col CplCy Length Requesterily | Tag CompleteriCy Status B
4044 B 10:01010 1 000020 0 0032:00:0 =SC O
Byte Cnt [ Lwr Adar | EEEIEE G E R LCRC Time Delta Time Stamp
4 0x00 0xFO015 | 0x10DF 0xDO7 7B 72 232.000 ns | 0014 . 335 122 832
CLLe Aok |PcKMak_Seq Num | [CRC 16 | [IEms Time Stamp
4044 OxCEAA || -504.000 ns |D014 . 335 123 164 s
SKIF“ SKIP Symbols
HCEB 5 KZ8.0 K28.0 K28.0 || 140.000 ns |0014 . 335 122 660 s
) VC ID HdrEC DataFC (IEsEREEl Time Delta Time Stamp
DLLP UpdateFC-NE 0 2090 134 OxFF36 S56.000 ns |0014 . 335 122 216 =
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eel__ SAS Hierarchical View Dk
SCSI Command Decode

Source Address (H) . Destination Address (H) . Operation Code Obsolete (H FUA_NV (] H; FUAH DPO (H ROPROTECT (H Logical Block Address (H) Group Number (H Tranafer Length (H)
50060560027 3EFAD 5000C50009511682 0x28 : Read (10)

512 Bytes Task Attribute Sfatus LUN (H)

Wetrics +|
000000000000000000000000 == B | 0x0:Simple (] 0x00 : Good 0000000000000000

| S5P Frame Type | Hashed Dest SAS Addr (H) | Hashed Src SA5 Addr (H) | Changing Data Pointer (H) | ReTransmit (H) | Retry Data Frames (H) | TLR CONTROL (H) | Num of Fill Bytes (H) | Tag (H) |

Target Port Transfer Tag (H) | Data Offset (H) |9-> Info Unit () ﬂ| CRE (H) | Handshake

| g

Rel‘.atve Time Duratlnn

Payload Data ,

Duration

Source SAS Address (H) Destination A3 Address (H S3P Frame Type Operation Code Logical Block Address (H Trangfer Length (H Task Affribute Tag(H Link Data (H) #
50060580027 3EFAD 5000C50009511682 0x06 : Command | 0x28:Read (10) 00008258 00 ; Simple

25,406 (us)

| 53P Frame Type | Hashed Dest 543 Addr (H) | Hashed Src SAS Addr (H) | Changing Data Pointer (H) | ReTransmit (K) | Retry Data Frames (H) | TLR CONTROL (H) | Num of Fil Byles (H) | Tag (H)

| | | | | | | | |
Target Port Transfer Tag (H) | Data Offset (H) |5-> Data , 512 Bytss | CRC (H) | Handshake | Duration
| | 920 (ns)

Source SAS Address (H) Destination SAS Address (H S3P Frame Type Tag (H Link Data (H) & | BEETERL Duration
S000C50009511682 S00605B00273EFAD 20 (ne)

Initiator RD Relative Time Duration

1.013 (us)

| S5P Frame Type | Hashed Dest SAS Addr (H) | Hashed Src SAS Addr (H) | Changing Data Pointer (H) | ReTransmit (H) | Refry Data Frames (H) | TLR CONTROL (H) | Num of Fill Bytes (H) | Tag (H)

28913 (us) | | | | | | | | | |

Target Port Transfer Tag (H) | Data Offset (H) |5-> Info Unit (H} ﬂ| CRC (H) | Handshake | Duration
| | | | Bz
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ey USB Hierarchical View

PCI =

EXPRESS
SCSI Op Tag e Logical Block Addr SB5U Passed K : #xfers
SCSI COB READ(10 et
39 2 | 0xB99AGDES 0x00000028 ||4096 bytes|| res=0x0 35 . 440 487 032 e EE
Transfer Bulk FﬁaENDP " Mass m m
SCSI CDB READ(10
139 ouT 2 2 Storage | | 000001000 35 . 440 487 032
“ Transaction [H ouT ENDP
36515 . 0x87 2 1(31 bytes 0x4B 35 . 440 487 032
L Packet | l_ ADDR [EING]ICRES PRiLen Idle Time Stamp
G 160089 0x87 2 2 001 200.660 ns 35 440 487 032
- Packet H l_ DATA1 i Data CRC16 Pkt Len Idle Time Stamp
G 160090 0xD2 31 bytes|0x5D5B 299.330 ns 35 . 440 487 366
- Packet T N H ACK
G 160091 0x4B8 8 244 818 ps 36 . 440 488 332
Transfer ENDP || Mass Bytes Transferred
140 M 2 1 Storage 4096 210866 ps 35 440733 150
Transfer ENDP | Mass 5SBSU Passed Time Stamp
-14-1 IN 2 1 Storage N Pl b T AAN 44 D40
Command Status Wrapper, GOOD status, Residue Length= GI—
* Transaction [H ENDP ACK
36575 - 096 1 1113 bytes 0x4B 35 440 944 016
N Packet | l_ ADDR [ENC]EREE PRen Idle Time Stamp
G 160222 0x96 2 1 0x18 333330 ns 35 440 944 016
- Packet T okl DATA1 i Data CRC16 Pkt Len Idle Time Stamp
G 160223 0xD2 13 bytes|0xABEA 367330 ns 35 440 944 516
- Packet ¥ l_ ACK
& 160224 0x48 6 181882 ps 36 440 945 250
SCS| Op Tag e Logical Block Addr SBSU Passed
SCSI CDB READ(10
40 2 0x899A6DES 0x00000030 4096 bytes res=0x0 750018 ps 35 441127 132

PCI-SIG Developers Conference
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¢ Agenda

vV

A

V
V

A Storage over PCI Express architectural
description

D> v D
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eexy Zoh
ISIG

ABrief overview of Host Interfaces
ANVM Express
ASCSI Express
ASATA Express

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 16



¢ SSD Technologies

Client Enterprise
- Standards Groups PCle SSD PCle SSD

Phys ical PCI-SIG® (PCI Express)
SATA-IO(SATA Express) Up to 2 lanes Up to 4 lanes
Interface STA(SCSI Express)
Driver Intel(AHCI) AHCI SOP/PQI
NVM Express Group(NVMe) NVMe SOP/NVMe
Interface T10(SOP/PQI) SOP SOP
Host SATA-IO(SATA Express)
SSD FFWG(multifunction connector) gf‘-sréFE )é%ges S SFF-8639
Connector Small FF Committee(SFF-8639)
Devi SATA-IO(SATA Express)
evice i i
SSD FFWG(mquufunctlon connector) SATA Express SFFE-8639
Connector Small FF Committee(SFF-8639)

SNIA 2012

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 17



3
5

A LeCroyds
V HHD/SSDs at G1/2/3 x1-x8 Native PCle
V' SSDs at G1/2/3 x1-x8 SCSI Express
V' SSDs at G1/2/3 x1-x8 SATA Express
V' SSDs at G1/2/3 x1-x8 NVM Express

NVM Packets are identified

PCI >
EXPRESS

SSD Hierarchical Decoding

S u Bran suppbr? 8 / T

PKE | Link Spiit| HyM FPUT - AHCI

in this mode '
File Setup Record Generate Report Search View Tools Window Help
= R m LR R R R x| D M R D0 e wh 4B B s BB S| (O R || PRY| Link fSplit n BRT e
NVIM RequesterlD CQH Time Delta Time Stamp
189 000:00:0 0x002B || 240196 pus | 0079 . 465005516 s
" Link Tra Re 25| TLP ENEE G DA NET I Message Code
11770 %4 1824 001:10100 Local 0 008:00:0 170 || Deassert INTA 0 Packet #697204
T NVM R 25|| RequesterlD SQrT Time Delta Time Stamp
190 %4 000:00:0 0x002C || 355756 us | 0079 480107 636 s
T NVM Re 2.5(| RequesterlD CompleterlD Admin Cmd OPC FUSE CID NSID MPTR Hi MPTR Low PRP1 Hi
191 %4 008:00:0 000:00:0 Create /O SQ | b00 |0x002B |0x00000000 | 0x00000000 |0x00000000 | 0x0000000:

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved
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= NVM Express

EXPRESS
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eorg_

“* NVM Express

A The NVMHCI Workgroup
released the NVM Express

1, 2011 and is available at
WWW.NVMeXpress.orq

PCI>>
EXPRESS

n EXPRESS)
1.0 specification on March _

Transaction

A NVMe is a standardized

Link

high performance queuing
interface and command set

Physical
Logical

optimized for PCle SSDs
A NVMe is scalable from client

Electrical

to enterprise applications

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved
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http://www.nvmexpress.org/

PCI ¢

PCI >
*.

NVM Express 1.0c Decodes

File Setup Record Generate Report Search View Tools Window Help

@g lL.’* l‘:k:ll.‘:hé . ‘V"iw' L:JLRT& Qaqﬂ ‘5”'3'1’;‘2'“;?:; X =3- &’q“ m[ﬁ@dlll}_'l*gﬁ

. i &8 [ E | O 2 ok hon 7 8o
TN RequesterlD ||As@s|acas|| = Time Stamp
0

000:00:0 383 | 383

512.000 ns | 0046 . 434 680 292 s ] ] ]
'] I | Submission Queue Slze|
Submission Queue Size (SQ5);

Defines the size ofthe Admin Submission Quede in entries. The minimum size of the Admin Submission Quede is two entries. The maximum size ofthe Admin Submission Queue is 4096 entries. This is a 0's based value
Completion Queue Size (CAS):

Defines the size ofthe Admin Completion Queue in entries. The minimum size of the Admin Completion Queue is two entries. The maximum size of the Admin Completion Queue is 4096 entries. This is a 0's based value.

T ONVM R—> RequesterlD | | ASQB AddressHi | ASQB AddressLow | | 100 050 Time Stamp
1 000:00:0 0x00000001

OxEF224000 304.000 ns | 0046 . 434 680 804 s

1 Completion Queue Size

Admin Submission Gueue Base (ASGE).

Indicates the G4-hit physical address for the Admin Submission Gueue. This address shall be memory page alighed (hased on the value in CCMPS). All Admin cammands, including creation of additional Submission Gueues and Cor

Admin Submission Queue Base

Tool Tips make it easy to understand
each register item in a field

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved
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¢ Submission and
Completion Queues

-

MNVM Rt 25| ReguesterlD IAdmin SQT QID = DI Time Delta

5 x4 000:00:0

352.000 ns

Time Stamp
0048 _ 780 381524 s

Submission
Queue Tall

Completion Queue
Header Pointer

T NVM R 25 HE{NESIEI'IDI AdminDﬂHﬂID={]I

22 || o00:00:0 |

Time Delta Time Stamp
00003 | 271860 ys (0078 . 827 032124 s

PCI=>

Host Memory

T ONVM ne | 25]| RequesterlD
111 x4 007:00:0

Tail Completion
Head Queue
Submission
Queue
\_ Tail )
Command Completion SQHD 5QID CID P SC SCT M DMR Y Time Delta

000000000 0:0023) 00000 | 00022 | 1 00000000 (0| D 26.752 ps

0030 998 377 752

Time Stamp

PCI-SIG Developers Conference

Submission Queue
Header Pointer
Copyright © 2012, PCI-SIG, All Rights Reserved
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PCI ¢ PCI >

- Queuing Interface T

Al s s e | Command Completion SQHD  SQiD CID P SC SCT M DNR § Time Delta Time Stamp
x4 007:00:0 000000000 UxDUEB 00000 | 0x0022 | 1 00000 | 0x00 | O 26.752 ps | 0030 998 377 752 5

( Queue \ Process N
Command Host Completion
g?g:less'on Host Memo ry Completion
Tail - Queue
Ring Doorbell Ring Doorbell
New Tail w Head
HEE) Tail
\ J
PCle YLP :
PCle[TLP : PCle TLP
& PCle TLP 'l
PCle TLP
PCIf TLP
PCle Tt A
PCle TL Y |
PCIeTLP bele T PCle T PCle TLP

Submission Queue @ Completion Queue
Tail Doorbell Head Doorbell

Fetch Process Queue Generate
Command Command Completion Interrupt NVMe Controller
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