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Layered protocols analysis over
PCle as transport mechanism
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Layered Protocols
woSupport in Analysis Tools

SUMMIT

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

Multi-view capabillities

Processing capabllity of upper layer through
scripting to adopt to specification changes

Tooltip feature to highlight specification details

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

Compacting of repetitive traffic

Compacting of multiple 32 bit transactions into
64 bit upper layer commands
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ATA command over Serial ATA
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SUMMIT

The Serial ATA International
Organization (SATA-10) developed
the specification

This protocol combines the SATA
AHCI software specification with the
PCle host interface

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

Data Rate Support
e PCle 2.x at x2 link for 8GT/s data rate
e PCle 3.0 at x2 link for a 16GT/s data rate

SATA EXpress

ATA command layer

Transaction

Physical
Logical

Electrical
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Port 0-31 Control
Registers

PxCLB: Cmd List Base Address

PxCLBU: CLB Addr Up32b

Command 0

Command 31

Command List
Structure

PxFB: FIS Base Addr

PxFBU: FIS Base Addr Up32b

Table
Address

Received
FIS
Structure

Data payload is sent and received through
the PRDT (Physical Region Descriptor
Table) in Command List
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PCle Architecture Queuing
Ynterface (PQI)

SCSI Trade Association



SAS Hierarchical View
SCSI Command Decode
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SUMMIT

Developed by T10 Committee

Compliance with SCSI
Architectural Model

Proposed support for SOP
target ports interfacing to flash
devices, RAID controllers, and
other SCSI peripheral device

types
Targeting PCle 3.0

SCSI Over PCI Express(SOP/SOX)

SCSI Over PCle

Physical
Logical

Electrical

Preliminary
Protocol Stack

18



SCSI Express SOP/PQI 1Q(Inbound
s Queue)
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Creating Administrative
and Operational Queues

-
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SCSI Express Initialization
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SCSI| Express
SOP Transfer Packet

Advancing Producer in Inbound Queue

File Setup Record Generate Report Search View Tools Window Help
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Function and status
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AQ Config Function IDLE
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25
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88
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1

Al
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il
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00000000:BFY10000

000:BF708BDDO
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S0P
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00000000:00001028
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00001

TLF RequesteriD Address
531 O10:00000 1 O00:00:0 FEFF1000 01000000 u]

Explicit ACHK

Facket #12501

0x003C || 0x0000 Create OF O | 0x0001 00000000:BFTOEQOO

00000000:BFFO2BCE = B84 (1024 bytes) 1 ] SOP

Split Tra 25 Requesterlly CompleterlD Address Status
x1 00000000 010:00:0 000:00:0 BFFOS000 s5C

#LinkTras

[
0: &0003CO0 00000000 01001101 00000000 QOEQTOBF Q0000000 CEBEBTOBF 00000000 ME""’E
2: 40000000 40000100 00000000 00000000 00000000 00000000 00000000 00000000

0x0 | 0x003C || Ox0000 1 Create OF OQ | Good | 00000000:00001018
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010:00000 010:00:0 u] BF7O0AQOOQ 1111 1111

e e e
EQOO03ICO0 00000000 01001100 00000000 18100000 Q0000000 O00O0QO0O00 OOOOOQOO0 5] Packet #12507 E

Q0000000 00000000 00000000 00000000 Q0000000 Q00000000 00000000 00000000
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000041
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SCSl Error SCSI COB

WRPROTECT

FUA_NV

SCSI command: WRITE (10)

Obsolete

Errorin S0P Sub-Tra (N 0I=RL)]

0x0

Mot set

Transfer Len

BT RGN GROUP MUMBER
0x000007B0 0=x00

Mot set

8

: JFCT016T A383C49B S6BFERE4
: BDSCEOAA T83454a1 2511586l
: UFB2D796 CO9RAI93 A2R020D1
: BASDRII1 A9D34aBR 42338E(B
: DBYBEERS BET3CEBS 325643B1
: ClelCBBA T235BC10 233B17CD
: 1F1IE39DE 1A657C39 EDIBEC3C
: DeJFBDT6 6B261ECe 8CE33DI10
: E0SACAQF 5488DEE3 350DEE2R
108: 20B33370 1B92a508 CBBCFTRY
120: 38010398 SETDFeE0 A66EY660

D33BCR4A
CeAB1EAD
06e93C359
60251EE2
TETFEDDC
4094F037
ACleAC3B
4516CR0C
2375F306
RRp3ECGEL
CC34T4BF

Ciata
BRED2DD0 T52FLES0
15438283 8D121353
SEEBIFTF DDeB3328
26D23FB0 T11F0112
9060ETDE 1F36201C
Co817CFT RCDE0330
E1TEGERE F2TF3C17
3C4FCIBS 0224089E
06033814 9B25374D
T798ACB4 1EECERSL
BFl124B54 SmORES0R

4CF46AFA B336393F B46BSEED 39DB3GEC
JEF26D40 6BACEEDS AB3F3BED 54CE43e3
9245448E ABB3ASC3 6IE136CH
2F49399c 9BOOFE0E BDDEF2B3
2E66(8B2 845R8019 AF4EIE2E
DASCDCI4 43FDO0SC 9A15F979
17BFEDS3 BCD79552 EBYB0AGR
9n0T7187A EEQQ4BDS 691FBER3
5280030A DC3973EE 1E4D2D235
37817066 BD3B13AD 385DEB4F

CCE3C1D6
6DSEDBG2

8CD49928
DOERRRFS
SEFRTETE

3025496D CBOGBESZ

(B43EEER 6B146E2T

19C549EA CEZ2BBIFE

15905BF8
51023715
FB4DB47B
ECB2AT33
024F5CIE
8097CES2
2E96B20D
(9ZF3EED
083reD29
F3D18335

9CBA3TAL
D7226351

BF092162
DADCOY5C

4EDA3633
1656BC3B
4£20BB61

FSAT63AD AB198A9F ...|

' #S0PIUs
M etrics

* s0p ’
15

Type
Lim Cmd

Cmp Rstr
0x0 | 0x0

Len [iEE:

Qo WA | RQID

Data Dir

Fartial | Fence Size

000352

00001

Ox0000 [ 0x002A

Data-Out| 0O |

0x00001000

16 bytes

00000000:447C0D000 | 000001000

0x0 |Data Block | 00000000:00000000

0x00000000

Data Block

0x0001 | 0x0000

0x10

Ox0| Ox0 [0x003C

80 bytes

¥ -

SOp

16 00000000:447CDO00

0x00001000

1024 dwords

T s0P

17

Rsvd notzero
Field: Rsvd

1 error(s)
Rsvd notzero

Type
Success

Cmp Rstr Len
0x0 | 0x0 | 0x000C

WA RQID [MexusID

0x0000 (0x0024 | 0x0000




SCSI COB

REFPORT LUMNS

00000

CpCode SELECT REFPORT AlloclLen CONTROL

4 dwords| GOOD

[
D0

. #S0PIUs
3

Metrics

Cmp Rstr Len
Ox0 | 0x0 | Ox003C

R=p QI

WA

R ID

Crata Dir

Fartial

Fence

Size

00003

Q0000

Q0007

Data-COut a]

o 0x00000010

lc bvtes

00000000:142281120

Ox 00000010

Diata Block

00QQO000: 00000000

000000000

Data Block

0x 0001

00010

Ox10 Ox0

0x0 (0x003C

60 bvtes

25

m 00000000

RequesteriD

CompleterlD

Tag

m 00000000

010:00:0

000:00:0

2

Address

Status

BF711000

sSC

’M . # LinkTras
encs
1o dwords 2

RequesteriD

CompleterlD

Tag

m 00000000

010:00:0

000:00:0

3

Address

Status

BF711040

sC

’M . # LinkTras
encs
lo dwords 2

RequesteriD

CompleterlD

Tag

m 00000000

010:00:0

000:00:0

3

Address

Status

BF711020

sC

’M . # LinkTras
encs
lo dwords 2

RequesteriD

CompleterlD

Tag

010:00:0

000:00:0

1

Address

Status

BF7110C0

sC

PM = # LinkTras
erics
16 dwords 2

RequesteriD

CompleterlD

Tag

m 00000000

010:00:0

000:00:0

2

Address

Status

BF711100

sC

PM = # LinkTras
erics
16 dwords 2

RequesteriD

CompleterlD

Tag

m 00000000

010:00:0

000:00:0

3

Address

Status

BF711140

sC

PM = # LinkTras
erics
16 dwords 2

RequesteriD

CompleterlD

Tag

m 00000000

010:00:0

000:00:0

o

Address

Status

BFF711120

sC

PM = # LinkTras
erics
16 dwords 2

RequesteriD

CompleterlD

Tag

m 00000000

010:00:0

000:00:0

2

Address

Status

BF7111C0O

sC

PM = # LinkTras
erics
16 dwords 2

RequesteriD

CompleteriD

Tag

m 00000000

010:00:0

000:00:0

3

Address

Status

BF711200

sC

PM = # LinkTras
erncs
1l dwords 2

RequesteriD

CompleteriD

Tag

m 00000000

010:00:0

000:00:0

1

Address

Status

BF711240

sC

PM = # LinkTras
erncs
16 dwords 2

RequesteriD

CompleteriD

m 00000000

010:00:0

000:00:0

Address

Status

BF711220

sC

PM = # LinkTras
erncs
16 dwords 2

00000000:14281120

0x00000010

4 dwords

1 error(s}
Fsvd not zero

F=vd notzero
Field: Rsvd

Type
Success

Cmp Rstr
0x0 | 0x0 | 0x000C

Len

WA RQID

Mexus 1D

00000

00007

Ox0000
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e NVM EXxpress
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NE NVM EXxpress

SUMMIT

The NVMHCI Workgroup

released the NVM Express
1.0 specification on March 1,
2011 and is available at

Transaction

NVMe is a standardized high Physical
performance queuing Logical |

Interface and command set
optimized for PCle SSDs

NVMe is scalable from client
to enterprise applications

Electrical

31


http://www.nvmexpress.org/

Submission and
*“ Completion Queues

SUMMIT

-

Submission

Queue

Time Stamp
0030 . 998 377 752 5

Submission Queue
Head Pointer




000000000

Queue
Command

(1)

= Submission
Queue

Ring Doorbell
New Tall

(2

PCle TLP

PCle TLP
PCle TLP  pcle TLP

PCle TLP

Submission Queue

Tail Doorbell @ e’
Fetch Process
Command Command

Command Completion SQHD SaQlD

Host Memory

Time Stamp
0030 . 998 377 742 5

Process
@) Completion

Completion
Queue

Head y T~

Ring Doorbell
New Head

PCle TLP
PCle TLP
PCle TLP

|

PCle TLP PCle TLP

Completion Queue
Head Doorbell

NVMe Controller

(5] ®

Generate
Interrupt

Queue

Completion



)

L )
SUMMIT

s

ASQBAddressHl ASQBAddressLow 8

Viewing the NVM Express 1.0c
ddmitialization Phase

Set submission and completion
gueues base addresses

Time Stamp

I S
MPTRHi  MPTRLow PRP1Hi PRP1lLow PRP2Hi PRPZLow CNS
@l 0xEE254160 | Controller]

Command Completion

Capabilities sent to Host memory



Viewing the NVM Express 1.0c

File Setup Record Generate Report Search View Tools Window Help

S0[% Bllle nHLH RAT AW ‘ ' o L gt oy 7

A
_[25] | CompleteriD | | OPC FUSE CID NSID MPTRHi MPTRLow PRP1Hi PRP1Low PRP2Hi PRP2Low CNS

| 000:00:0 | LIS Identifl | boO [0x0001 | 0x00000001 | 0x00000000 | 0x00000000 | 0x00000001 | OXEF263000 | 0x00000000 | 0x0000000§ | Namespace || §55.752 ps

est

Gmmndemnpieﬁon: HD T 'SCT M DNR Time Stamp
* o

Command Completion




Viewing the NVM Express 1.0c

Creating an I/O queue and Read command example

PIPRSL

Create 10 Submission Queue

OPC  FUSE CID NSID MPTRHI  MPTRLow PRP1Hi FH’lLuW PRPZHi  PRPZLow QSIZE QID CQID QPRIO PC

| 3 3 [uedium] 1]

RequesteriD Cummdeumpleim SQHD SQAD  CID P

{08:00:0 H 0x0000 | 0x0024 n

Physical Region Page pointer
Command Complegief
File Setup Record Generate Report Search View Tools Wi
== R 3 i L S LS ¢ O e 5 i) ¢ : (5 | O || Bkt |Link [t huw P A
- |

- [EE————————SSSSSeeeT—————
OPC FUSE CID NSID  MPTRHI MPTRLow PRP1HI PRP1Low PRP2HI PRP2Low LR FUA PRINFO

008:00:0 000:00:0 10 — |Read | b00 [ 0x0000 | 0x00000001 | 0x00000000 | 0x00000000K 0x00000001 | 0xEED31000 | 0x00000000 | 000000000 0xoooooooo 00000000| 0 | 0 | O0x0 |

Incompressible SR AL AF | EILBRT ELBAT ELBATM |

—
s “n




Viewing the NVM Express 1.0c
NVMe Multiple Pointer Based Transactions

Physical Region Page(PRP)

File Setup Record Generate Report Search View Tools Window Help
~u L8/ ! nuz [ [
&l D s

PRP List of pointers to

memory addresses

RequesterlD

ol

s}

0

=]

[Requester ||
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NVMe Device script
su..'......f Submlssmn Queue Setup

Mwmzzy ol | RequesteriD
I- 000:00:0

0029 . 315690 956 5

Mwmzzy ol | RequesteriD
- 000:00:0

Mwmzzy ol | RequesteriD
gl 01000000 | 2 |[ 000:00:0 | 8 |

= The host creates a command for execution
within the appropriate Submission Queue

= Admin submission queue base register

Ox7F55A000 is written to controller register,

later used by controller to fetch the read
command from host memory

#NVM O

Wait=TLP {
TLPType=MWr32
Length=1 }

#NVM 1

Wait=TLP {
TLPType=MWr32
Length = 2



* NVMe Device script
ONRT Command fetch

SUMMIT

R*— RequesterlD | CompleteriD Time Stamp
4 00 0 0| ox0 0x00 <

- 007.00:0 000:00:0

VI) SSHJQ!INFRRABEE“C“}]SOM)SMRFMLPAEPEH’SSMSOC&IS{XES NN OMNCS FUSES FNA VWC AWUN AWUPE N\

Josonn]_|_| o [oo o] o Joooolass 68| 0:00000004]0:0000 00000 | 0 | 0|0x00FF | 0x00FF | |

T LinkTra : MWr(32] Length

11020 |l R || "

= The controller fetches the
command(s) in the Submission

packet = TLP {
TLPType = MRd64

Queue from host memory Length = 0x10
= The Admin submission queue ?aegqieé’;‘é”d =GR
base address register LastDwBe = OXF
- FirstDwBe = OxF
Ox7F55A0001s read from AddressHi = (FROM_MEM32_A, 0x28 )
Implemented memory resource # Ox1
through field substitution Addressl.o = (FROM_MEM32_A, 0x2C )

# OXEF224000 }
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o« SCSI Express / SOP — PQI
e NVM EXxpress

= Command queue generation example
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* Testing NVM Express
SO

SUMMIT

= NVMe Registers emulation
o Setup Admin Queue
» Doorbell Registers

=  Admin Commands
e Delete I/O Submission Queue
e Create I/O Submission Queue
* Delete I/O Completion Queue
* Create I/O Completion Queue
 Get Log Page
e |dentify
e Abort
o Set Features
e Get Features
 Format NVM
« Extensible for Vendor Specific Commands




P: WSilicon Device emulation
:I H‘i\"

SUMMIT

43



> . 4 Loading Config Space and
summir Implementing Memory Space

Write Address Space

File Path: Offset (bytes):

v|Cfg : criptsisys_device_cfg_space_w_msi_x_1_bar

Memo4 :
Mem32 A :
+|Mem32E : F:\Data_AlYWvMe_Emulationldentify 1
IOA:
IOE:

Clear

Summit Z3-16 SN:63055 }
B R 5 L5550 80 =, B | | |Device iT/s 777 |Detect Cuiet
Summit T3-16 5M:62102 | (DS |16 |25 | @S990 20000000

Us [x16 (25 90000000 00000000




)

N\

SUMMIT

" Link Tra
1965

SSD Drive Emulation

RequesterlD

ASQS [ACQS Time Stamp

000:00:0

127 | 127 0199.362722052 s

RequesterlD

000:00:0

ASQB AddressHi | ASQB AddressLow
0x00000002 0x3D61B000 2872ps |0199.362723 516 s

RequesterlD

000:00:0

ACQB AddressHi | ACQB AddressLow
0x00000002 0x3D61D000 2904ps |0199 362726388 s

RequesterlD

000:00:0

1 |NVM commandset| 0 |b00| b00 0 0 34200 ps |0199. 3627292925

RequesterlD

000:00:0

CompleterlD ||RDY |CFS | SHST
008:00:0 1 0 | bO0 14.988 ms (0199 . 36276349253

RequesterlD

000:00:0

Admin SQTQID =0
0x0001 192276 pus |0199 . 377751104 5

RequesterlD

CompleterlD OPC FUSE CID MPTRHi  MPTRLow  PRP1Hi PRP1 Low PRP2 Hi PRPZ Low CNS

008:00:0

000:00:0 AdminCmd Identify | b0O0 | 0x0000 | 0x00000000 | 0x00000000 | 0x00000000 | 0x00000002 | 0x3D2DA160 | 0x00000002 | 0x3D2DB0O00 | Controller

AT9m

5 |0199.3779

433808

25]
x4

RequesteriD
008:00:0

VID  33VID SN MN FR RAB IEEE MIC MDTS OACS ACL AERL FRMW LPA ELPE NPSS AVSCC SQES

a lUJ<‘15?IZI 0x1570 NYMeLeCroy000000 | 0x00000000AD55A468 | 0 | 0x0 | 0 0 |0x0303] O G 0 [63] 0 4 0 0

CQES

NN ONC3 FUSES FNA VWC AWUN AWUPF NVSCC MP ENLAT EXLAT  RRT RRL RWT RWL MP ENLAT EXLAT  RRT RRL
0 |0x44660000| 0x1

00 | 0] 2 | 0 00 0 0x0000 | 0x00000000 | 0x00000000 | 0x00 | 0x00 | 0x00 | 0x00 ot 0x0000 | 0x00000000 | 0x00000000 | 0x00 | 0x00

RWT RWL e

0x00 | 0x00

FsD2

EMLAT EXLAT HQTHH_RWTRWLPm3 Mp EMLAT EXLAT  RRT RRL RWT RWL Mp EMLAT EXLAT  RRT RRL

0x0000 | 0x00000000 | 0x00000000 | 0x00 | 0x00 | 0x00 | 0x00 0x0000 | 0x00000000 | 0x00000000 | 0x00 | 0x00 | 0x00 | 0x00 0x0000 | 0x00000000 | 0x00000000 | 0x00 | 0x00

0x00 | 0x00

1023 bytes || 663.720ps (0199 379122220 5

2]
w4

R~

RequesterlD
008:00:0

Command Completion SQHD S0 CID P a7 SC  S5CT M DNR
0x00000000 0x00071 | 0x0000 | 0x0000 |1 0x0000 | 0x00/| 0 18.232ps [0199.379785940 5

25]
x4

TLF
995

MWr(32) RequesterlD Address 1st BE |Last BE 'Mem'cs # Packets
010:00000 008:00:0 FEE3FOOC 1111 | 0000 |1 dwoxd|| O ||Packet#7599 2 10420 s

Time Stamp

0189.379 8041725

RequesterlD

Admin CQHQID =0 Time Stamp

0x0001 13.547 ms |0199.379 8145925 |

000:00:0




Setting up Controller Registers
)

‘!a’\.

o J
SUMMIT
Submission
queue size e
1920
Submission
queue BAR
T Link Tra : " MWr(32) Length o
. 1921 ; il 01000000 | 1 || 000000 | of]
Complet|0n T LinkTra : MWr(BZ] Length
queue BAR 1922 il ooo0000 | 1|
__-_-__
"LinkTra MW(32) — Length P address ] [
1923 .- Bl 07000000 | 1 || 000000 | ofj| FE400030
T LinkTra
Enable 1924
doorbell
execution
T LinkTra ; MWr(BZ]
1925 :
008:00:0
URA(32)
. . Mem e ———————— ———————
Submission |
queue !

tail doorbell

T Link Tra | TLP | MWr(32) Length JICERTEEEN] Address
Mem _____ —— ————
1928 010:00000 | 1 | 0oo: FE401000




ML

ldentify Command Execution

RequesterlD | CompleterlD Admin G OPC FUSE CID
008:00:0

MRd(b‘d] RequesterlD | CompleterD TC VC I
005000 (o] o\

HJSESFIMWC&M&MFFWSCC

[00 [ 0] 2[00 00 | 0 oo

ni(e4) _ Lengh [EETEEET
Gl o000 | 8 || 008000

MWr(G4) Il | RequesterlD
0711:00000 008:00:0
MWr(64)  Lenagth |REELIESE)
011:00000 008:00:0
MWr(54)

011:00000

MWr(54)  Length

011:00000

MWr(G4) gl | RequesterD
011:00000 008:00:0

MPTRHI  MPTR Low H?P"-i PRP1I_I:M PRPZHI  PRP2Low  CNS Time Stamp

Ideniify | b00 [ 0x0000 |000000000 X X )
,._.*-
o

)BO00 | Controller || 0199

#LinkTras

) Mei]‘l
ﬂ

RIBEIIICIIJTSOACSA{IMFRIMLPAH_FEH’SSWSDCS(ISCCES

o [on] 0] 0 |o

Explicit ACK Metics # Packets .
“ 70 158 428 5
F
Metrics # Packets
# Packets
S
# Packsts
S
VCID | ExplicitACK 'e s FPackets [TMEDEEN  Time Stamp

z|[ 0 |[Packet#7541 et




NE ldentify Command Execution

SUMMIT

System Memory command NVMe Controller registers

0x3D61B000 0x3D2DA160 3D61B000

System Memorv Data NVMe Device memory space

0x3D2DA160 0x70157015

0x3D61B000 3D2DA160




sSUMMIT

Emulated NVMe Device
In Device Manager

Shown

-
= Device Manager

File

Action  View Help

e | E HE B R &S

4 =4 user-PC

»

JBF AsusOtherDevices
¥ ATITool Utility

b 48 Computer

3

= Disk drives
B Display adapters

» o8 DVD/CD-ROM drives

.--::’;':J Human Interface Devices

; g IDE ATASATAPI controllers

: @ IEEE 1394 Bus host controllers
b D Keyboards

> ﬂ Mice and octher pointing devices
A Monitors

- ¥ Metwork adapters
-|fm Other devices

oo 5 Unknown device

> Y3 Ports (COM & LPT)

»

]

»

I Processors
-3 Sound, video and game controllers
A5 Storage controllers

L€E Community NVME Storport Miniport
ek IMicron IMB36X Controller

4N Systern devices
- Universal Serial Bus controllers




Emulated Drive Shown
In Disk Management

File Action View Help

| 2[F HE @ = =

A4 Computer Management (Local | Volume | Layout | Type | File System | Status | C | Actions
a '[[’j Systermn Tools o (C) Simple Basic NTFS Healthy (Boot, Page File, Crash Dump, Primary Partition) 92| p. T
. @ Task Scheduler CwMNEWVOLUME ... Simple Basic FAT32 Healthy (Primary Partition) 2
- 2] Event Viewer @ Systern Reserved Simple Basic NTFS Healthy {System, Active, Primary Partition) 1 More Actions
2 Shared Folders
» & Local Users and Groups
. E{"E‘::ZI Performance
=y Device Manager
4 &8 Storage
= Disk Management
: :: Services and Applications

= AutoPlay

b

iDisk 0 ] | =
Basic System Reserved c)

831.51 GE 100 MEB NTFS 93141 GB MNTFS
Online Healthy (System, A+ | | Healthy (Boot, Page F

NEW VOLUME (E)

General options

Open folder to view files

el using Windows Explorer

L4 Disk 1 | 'f\ Speed up my system

Basic NEW VOLUME (E2) & using Windows ReadyBoost
255 .MB 253 MB FAT32
COnline Healthy (Primary Partition)

View more AutoPlay options in Control Panel

<icD-ROM O
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SUMMIT

} EXi PRESS

Summit T28
Analyzer

Testing NVM Express

3 Summit T3-16
=< Analyzer

Summit T3-8
Analyzer

"Summit 3-16
Exerciser with
Test Platform

NVM Commands
Write
Read
Compare

Extensible for Vendor
Specific Commands

Queue Management

Come up in Device
Manager

Extensible Vendor
Specific Features (for
Get/Set Features)

Complete commands via
fused Commands (i.e.
Compare & Write)



IR

: This script performs basic initialization of an
NVMe device

; Set up BARSs;
; Enable bus master, memory space,
set interrupt disable;

; Set Max payload and read request in Device
Control;

: Write MSI-X table and enable MSI-X.

include="nvme_definitions.peg*
packet="Temp_ConfigWrite0"
{

Register = 0x10

Payload = ( BARO_ADDRESS_FLIPPED )
}
wait=TLP { TLPType = Cpl }
packet="Temp_ConfigWrite0"
{

Register = 0x14

Payload =(0)
}
wait=TLP { TLPType = Cpl }

Initialization example

; This script performs NVM specific
initialization by writing Controller registers on
the device

include="nvme_definitions.peg"

; Set ACQS and ASQS in AQA — Admin Queue
Attributes register

packet="Temp_OneDwordWrite"

{

Address = (CONTROLLER_REGISTERS_BASE +
0x24 )

Payload = ( 7FO07F00 )
}

; Set Admin submission Queue address base ASQB
high and low . This address corresponds to the base
address set for Mem_64 Host region in the
generation options file "host_go.gen"

; ASQ — Admin Submission Queue Base Address
low

packet="Temp_OneDwordWrite"

{

Address =

( CONTROLLER_REGISTERS BASE + 0x28)
Payload = ( 0080AA2F ) }



Exerciser Features for
,Iilll‘ii\"

Storage over PCle validation

SUMMIT

Read completion payload storage for later processing
to implement command queuing

Branch upon write payload and procedure activation
to implement doorbell registers

DMA descriptor implementation and the use of
descriptor data through field substitution

Creation of data structures in emulator memory
Trace export to generation file with different timing
options

Extraction of configuration file from trace and import
to device emulator
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Command Validation-
NVMe - Generation script

=1 I l Rl
si.;.‘l:if
include="nvme_start.peg"
; Pre-program command in the Host Memory Region. This is the Mem_64 Host region
; defined in the generation options file "nvme_host_gen_options.gen"
; Command data is copied from the trace taken a the last call
AddressSpace=Write
{
Location=Mem64
Offset =0
Size =128
LoadFrom =
(Ox06 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x90 0xB1 0x25 0x3F 0x08 0x00 0x00 0x00
0x00 0xCO 0x25 0x3F 0x08 0x00 0x00 0x00 0x01 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00

0x06 0x00 0x01 0x00 0x01 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00

0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 OXEO 0x47 Ox3E 0x02 0x00 0x00 0x00

0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00

0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 )
} # Identify Controller and Identify Namespace



Command Validation-
NVMe - Generation script

SUMMIT

; Write Admin Submission queueTail Doorbell Register
packet="Temp_ OneDwordWrite"
{
Address = ( CONTROLLER_REGISTERS BASE + 0x1000)
Payload = (01000000 )
}
; Wait for the Controller to process the command. This will include writing the Identify data,
; writing the Admin completion Queue, and sending the MSI-X interrupt at vector
wait=TLP
{
TLPType = MWr32
Address = ADMIN _INT_VECTOR_ADDRESS
}
; Write Admin Completion Queue Head Doorbell Register
packet="Temp_ OneDwordWrite"
{
Address = ( CONTROLLER_REGISTERS BASE + 0x1004 )
Payload = (01000000 )

57
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Command Validation-
NVMe - Verification script

# Constant definitions

# Test stage definitions, should be sequential

const STAGE_NVME_CONFIG =0;
const STAGE_ADMIN_DORBELL_1 =1;
const STAGE_READ_CMD_1 =2;
const STAGE_TRANSFER_DATA 1 =3;
const STAGE_WRITE_CPL_1 = 4;
const STAGE_SEND_ INTERRUPT_1 =5;
const STAGE_ADMIN_DORBELL_2 =6;

const STAGE_READ_CMD_2 =7;
const STAGE_TRANSFER_DATA 2 =8§;
const STAGE_WRITE_CPL_2 =9;

const STAGE_SEND_INTERRUPT 2 = 10;

#  Variable declarations

set Admin_SQB _Low = 0;
set Admin_SQB_High = 0;
set Admin_CQB Low =0;
set Admin_CQB_High = 0;
set PRP1_High =0;
set PRP1 Low =0;
set PRP2_High = 0;
set PRP2_Low =0;
set Cmd_Dw10 =0;

set CurrentldentifyXferredLength = O;

set TestStage = 0;
set CurrentChannel = 0;



Command Validation-
NVMe - Verification script

SUMMIT

# Function: OnStartScript()
# Description: The application calls this function at the beginning of the script execution.
OnStartScript()
{ ReportText( "Verifying ldentify Command..." );
SendAllChannels();
SendLevelOnly( _LINK));
SendTraceEvent( _LINK_CONFIG);
SendTraceEvent( _LINK_COMPLETION );
SendTraceEvent( _LINK_MEMORY );
Admin_SQB_Low = 0; # initialize variables
Admin_SQB_High = 0;
Admin_CQB_Low =0;
Admin_CQB_High = 0;
PRP1_High = 0;
PRP1 Low =0;
PRP2_High = 0;
PRP2 Low =0;
Cmd_Dw10 =0;
CurrentldentifyXferredLength = O;
TestStage = STAGE_NVME_CONFIG;}



Command Validation-
NVMe- Verification script

SUMMIT

# Function: ProcessEvent()
# Description: Entry point of the script.

# The application calls this function every time it finds the relevant trace event.
ProcessEvent()
{

CurrentChannel = in.Channel;

event_type = in.TraceEvent;

# transaction status checking

if( in.TransactionStatus == LINK_TRA_STATUS_INCOMPLETE )

{
FailTest( "Transaction wasn't complete at the Link Layer");
return null;

}

select

{
event _type == LINK_CONFIG : ProcessCfgRequest();

event _type == LINK_COMPLETION : ProcessCompletion();
event _type == LINK_MEMORY : ProcessMemReadOrWrite();
)i

return Complete();



NVMe Command Validation
Resulting Trace

RequesterlD | CompleterlD DevicelD  |Register|| Status | [eEREReHEREENETL ’Mem'cs #LinkTras
000:00100 064:02:0 129:00:0 129:00:0 0x008 sC 0x010802 2 165.760us |0002.7459516005
" Split Tra P 2. RequesterlD | CompleterlD DevicelD |Register|| Status | [EEEEEGGICEREN ) ’Memcs #LinkTras
10 000:00100 064:02:0 128:00:0 129:00:0 0x010 5C OxEC030004 2 159.864 us | 0002 747 117 3605
RequesterlD
064:02:0 0 |MVMcommandset| 0 |b00 0 26.8B88us (0002 7472772245
RequesterlD ASQS [ACQS
064:02:0 127 | 127 18.936us 0002 747304 125
RequesterlD ASCE AddressHi |ASCE AddressLow
064:02:0 0x00000004 0x2FAABDOD 40600us (0002 7473230485

Il
25
Il
25
Il
25
X1
25
X1
25
X1
25
4l
25

RequesterlD ACQB AddressHi |ACQB AddressLow
064:02:0 0x00000004 Ox2FAAADDD 37608us |0002.747 3636485
RequesterlD
064:02:0 WVM command set b0 | b0O 0 0 775.660 ms |0002.747 4012565
RequesterlD Admin SQTQID =0
m; 064:02:0 SQyTDEL 0x0001 704.000ns |0003.5230615525

RequesterlD | CompleterlD Admin Cmd OFC FUSE CID MPTRHi  MFTRLow PRP1Hi PRP1Low PRPZHi PFRF2ZLow  CNS
129:00:0 000:00:0 i Identify | b00 |[0x0000)0x00000000 |0x00000000 | 0x00000000 | 0x00000008 | 0x3F25B190 | 0x00000008 | 0x3F25C000 |Controller || 275.656 us [0003.523 0622565

RequesterlD FR RAB [EEE MC MDTS OACS ACL AERL FRMW LPA ELPE NP35 AVSCC SQES CQES NN
129:00:0 000000001

2007 ms [0003.523337912s
R 2 Fie s o0 Command Completion SQHD SQID CID P ST SC  SCT M DNR
129:00:0 0x00000000 0x0001 | 0x0000 | 00000 | 1 0x0000 (0x00 (0| O 76.352us (0003 5253447365
" Link Tra R |2 TLP | - MR LTl | RequesterlD | Tag Address 1st BE |LastBE ’M - # Packets
ili] 1070 Em 010:00000 1 129:00:0 0 FRABFOOC 111 | 0000 ||1 dword|| 0 ||Packet#133 | [kt 2 925880us |0003. 5254210883
RequesterlD Admin COQHQID =0
064:02:0 COyHDBL 0x0001 161.856 us |0003 526 346968 s
RequesterlD Admin SQTQID =0
064:02:0 SQyTDBL 0x0002 728.000ns |0003 5265088245

e 125 RequesterlD | CompleterlD Admin Cmd OFC FUSE CID MPTRHi  MFTRLow PRP1Hi PRP1Low PRPZHi PFRFZLow CNS
129:00:0 000:00:0 Identify | b00 |0x0001)0x00000001 [0x00000000 | 0x00000000 | 0x00000002 | 0x3E47EO00 | 0x00000000 | 0x00000000 |Namespace || 211.320us |0003.526 5095528
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Summary

SUMMIT

Full SCSI and ATA command level storage
over PCle decodes essential to SSDs traffic
analysis

Hierarchical expandable display

NVM Express, SCSI Express, and SATA Host

and Device emulation are now implemented
using traditional PCle exercisers

Official UNH IOL and NVMe consortium
conformance test setup

Support for SFF8639 and M.2 form factors
through dedicated interposers
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